INVITED COMMENTARY

a-Particle Emitters in Radioimmunotherapy:
New and Welcome Challenges to Medical
Internal Dosimetry

sulting in the release of the daughter athe cellular S value methodology to

Over the past decade, there had free element. include time-dependent partial contri-
been progressively stronger interest in Two very different approaches canbutions of the various daughter emis-
the use ofx-particle emitters for radio- b€ applied to the dosimetry of-parti- sions in the serial decay chains of
immunotherapy1—6). With proper lo- Cle emitters. One is microdosimetry, in*Ac, ?'At, #18Bi, and **Ra. In their
calization of the labeled antibody, thewhich the probabilistic nature of approach, a cutoff timer) is selected
high linear energy transfer af-parti- ©-particle emission and its trajectorybefpre Which free elemental daughte_r
cles provides a correspondingly hignthrough the cell and cell nucleus areadionuclides are considered to remain
probability of mitotic cell kill when ex.pI|C|tIy'cons.|dered 1,8—10. In-a in the same source configuration as
compared with an equivalent numbe,mlcrqdosme'trlc analysys,. probability that assymed for the parent. At.short
of cellular traversals by lower linear densflty functions of specific energy ara:qtoff tlmgs, the daughter radionu-
energy transfer B-particles. Conse- obtalqed (stochastic expressions of erclides, which are released as free ele-
quently, much developmental work&ray imparted per unit mass to smalments after .thex—decay of the pgrent,
has been initiated in the production,targets)’ as we.II as frequencies of zeraodiffuse or migrate far from the site of
chemistry, and preclinical trials of Can_dose cont.rlbutlon. Input dat.a for suphthe parent decay and thus the cellular
didates for radioimmunotherapy Sudﬁln analysis, however, require detailedarget dose results only from the decay
as2lIAt, 2198j, 212Pp 225A¢, 2198 and nowledge pf ggorr_\etn_c feature; suclof the parent. Thg authors nc_)te tha_t for
229Ra (7). In general,a-emitters with as the spatial dlstrlbutlor] and size ofparent decays in blood _ circulation,
half-lives that are either relatively the source and target_ regions (e.g., cekhort \./alues.qffro are apphc_able. For
short or relatively long compared WithIuIar a}nd. nu_clear sizes a}nd sgbceltumor interstitium, mtermedlate values
transient times in blood as well as dif_IuIar Q|str|but|on of .the rad|(_)nucl_|de). of 1o would be appropna_te; thus, the
fusion and binding times in diseaseMeanmgful correlan_ons to biologic re- total cellular dose is contrlbuted_ by the
. . sponse further require data on the timparent and ar,-dependent fraction of
t|ssugs may be cc_>nS|dered. Thos?hg of the decays within the phases othe cumulative decays of the daughters
q-emltters W'tlh relqtlvely short half; the cell cycle and the variations ofof the serial decay chain. Itis clear that
I|ves., SUCh_ as SE_"'W'" rnos_t likely be cellular radiosensitivity during thesethis approach to cellular dosimetry
restr!cted n th?'r application to Sma”'phases. In many cases, such data akends itself nicely to broader consider-
readily accessible .tumors. For treaty, ot available in the clinical setting.  ations of the biokinetics and dosimetry
ment of Iarger solid tumozrss, longer- A simpler approach is to extend theof radionuclides with multiple unstable
L';’ed a-emitters such ag?*Ac and \jrp schema to the cellular level anddaughters as proposed under a matrix

Ra can also be considered. HOWggtimate mean absorbed dose to tHermalism developed by these same
ever, longer-lived radionuclides re-ce|is or cell nuclei through the appli- authors.
quire more extensive normal organ dogation of cellular S values. In its 1997 Several issues and challenges of
simetry and biokinetics of their jonograph, the MIRD committee pub-a-particle dosimetry are highlighted
multiple unstable daughters in evaluatiished extensive tables of cellular Sthrough this approach. First, what
ing clinical efficacy. With high proba- yajues for a wide range of- and value of 7, is appropriate and under
bility, the recoil energy of the.-emis-  g_emitting radionuclides 1(1). These what conditions of the cellular micro-
sion will result in destruction of their tapulations include S values for the celenvironment? What is the spatial mo-
chemical bonds with the antibody, re-and cell nucleus as target regions andility of these daughter radionuclides
for the cell, the cell surface, the nu-within tissues and cellular microenvi-
cleus, and the cytoplasm as potentialonment that would permit quantitative
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tissue compartments (e.g., nucleoergans as required in the evaluation otherapy utilizes dosimetry as a predic-
plasm/cytoplasm, extracellular fluid,the clinical efficacy of these-emitting tive tool for more near-term determin-
cellular membranes, bone marrowyadionuclides for radioimmunotherapyistic effects. With this in mind, the
would be needed. In most cases, sucfl5). A compartmental analysis of ac-ICRP recommendations for target tis-
details for high-Z elements are nottivity in normal organs might include sue definitions cannot always be used.
available. It is for this reason that theseparate determinations of the cumulaFor example, the ICRP methodology
International Commission on Radio-tive decays within the parenchymal tis-for skeletal dosimetry focuses on en-
logical Protection (ICRP), in its publi- sues of the organ (incorporated activdosteum and marrow stem cells as the
cation 30 (3), makes the simplifying ity), and the cumulative decays withinrelevant targets in radiation protection.
assumption that “daughter radionuthe vascular content of the organ (acin radionuclide therapy, however,
clides produced from their parenttivity in transit through the organ). For these tissues might not be the only
within the body stay with and behavephotons and even high-enerfyparti- relevant targets within the skeleton
metabolically like their parent.” Only cles, emissions within the larger to in-when predicting near-term marrow
in the case of incorporated radium ardermediate blood vessels of an orgatoxicity.
the longer-lived radon daughter radio-are considered to contribute to the Where does this leave us? Is the
isotopes considered to have an indesverall mean organ dose. For shortincreased interest in-emitters in ra-
pendent biodistribution within the range a-particles, however, many of dionuclide therapy providing technical
ICRP 30 framework. Clearly, researchthe blood source decays would yieldchallenges to medical dosimetry that
in the area of intratissue mobility of energy deposition events restricted t@re intractable? They might be if med-
high-Z elements would be of great util-the vessel lumen (blood and blood elical dosimetry continues to rely solely
ity both to radionuclide therapy and toements) and thus make no contributiomn the physics of energy deposition
internal dosimetry for radiation protec-to the parenchymal tissue dose. Thisand geometric formulations of source
tion considerations. fact motivates one to reconsider tradi-and target regions, even if treated sto-

Second, the tabulations of cellular Sional models of normal organs as arehastically through microdosimetry.
values implicitly consider only the used in the MIRD and ICRP method-The use otx-emitters provides the per-
mean self-dose from activity originally ologies. Potential improvements in or-fect stimulus to the medical dosimetry
bound to the target cell. As an unstablggan dosimetry would then require or-community to fully embrace new ad-
daughter is released from its parengan models in which larger vessels ar@ances in molecular biology and in
decay site, it will diffuse further and explicitly delineated. This can be chal-vivo microimaging and to redefine and
further away from the original targetlenging in the context of geometric,expand its role and function as it seeks
cell. The dose contribution to the targesstylized models of organs. With newerimproved methods for predicting bio-
cell for each daughter emission woulddevelopments in tomographic compuiogic response.
then abruptly transition to zero, as astational models, perhaps such intraor-

sumed here, and would decrease coman tissue and vasculature differentia-
tinuously with increasing distancetion may be feasible16,17).
from the cell. For a higher energy, Finally, «-particle dosimetry di-
the dose to the cell nucleus might ini-rectly challenges the MIRD schema in
t|aI_Iy increase as the Bragg p_ea_k of thq:hat, historically, the final quantity of peFERENCES
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