Effect of Cellular Geometry on S-values

The greatest differences in S-values were noted in smaller Rc and Ry configurations. In Supplemental
Figure 1 (for the case Rc = 5 um and Ry = 2 pum), the contribution of eccentricity due to cytoplasmic
activity varied to a maximum of 30% for all radionuclides considered, with the least effect noted for
B[ and "I (i.e. less than 15% decrease to nucleus dose). However, dose to the nucleus due to cell
surface distributed activity was greatly affected by eccentricity. The greatest increase was noted for
’Ga (4 fold increase) and *°'T1 (2 fold increase), with nucleus dose for '''In and '"*Sb not affected by

eccentricity (Sece/Sconc = 1).

As illustration of the potential effect that eccentricity could have on dose calculations, a
hypothetical case is presented based on experimental internalization data for internalizing and non-
internalizing radionuclides (2-4). S-values for a cell with dimension Rc = 10 pm and Ry = 5 pm were
used (Supplemental Tables 2-13). Arbitrary activity was distributed 1) exclusively on the membrane
with no internalisation, 2) uniformly throughout the cell, 3) uniformly on the cell membrane and
cytoplasm and 4) uniformly throughout the cytoplasm with minimal membrane distribution. Using the
MIRD formalism, the absorbed dose (Dr) in a target region T is calculated from the cumulated

activity As in one or more source regions S;
Dr =Y sAg X S(T « S) Eq. 1

The dose to the nucleus is calculated for concentric and eccentric cell/nucleus configurations and
the dose fraction D../D.op is taken as the ratio of dose to the nucleus in an eccentric cell compared
with a concentric cell (Supplemental Figure 3). Eccentricity had the greatest effect on nucleus dose
calculations when the activity was distributed on the cell surface, with the largest result seen for *Zr.
Uniform distributed activity had the least effect on dose calculations, while activity distributed in the
cytoplasm with minimal membrane distribution could lead to an underestimation of dose in cells with
eccentric cell arrangements. To summarise, MIRD S-values for concentric cells underestimate the
dose to the nucleus from membrane bound radionuclides when the nucleus abuts the cell membrane
(i.e. eccentric cell/nucleus arrangement). In contrast, when the activity is uniformly distributed
throughout the cytoplasm, MIRD S-values for concentric cells overestimate the nuclear dose in
eccentric cells. Bearing in mind that Pouget et al (4) noted that membrane bound AE emitting
radionuclides can be as cytotoxic as nuclear incorporated AE emitters, it thus follows that for cells
with an eccentric cell/nucleus arrangement where the nucleus abuts the cell membrane, an AE
emitting theranostic that is membrane bound would have the potential to deposit a substantial dose to
the nucleus that could lead to a pronounced biological effect when compared with concentric cells.
However, it should be clear that the dose distribution in the eccentric cell/nucleus arrangement would
be nonuniform; i.e., a small portion of the nucleus may be irradiated and the remainder left untouched.

An in vitro experimental approach would be required to test this observation.
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Evaluation of DPKs — Contribution of p spectrum in comparison to the Auger, Coster-Kronig,

conversion electron (AE+CK+IE) spectrum

Dose deposition from an isotropic point source was calculated in 1 nm radial bins up to 50 um. In the
case of ¥Zr, the B spectrum contribution to the total dose deposited exceeds that of the contribution of
the AE+CK+IE spectrum at a radial distance of 4.8 pm (Supplemental Figure 4). In contrast, for *°Nb,
the contributions from the p and AE+CK+IE spectra approaches equivalence at a distance

approximately 6.0 pm from the point source.
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SUPPLEMENTAL FIGURE 1. Electron yield of Auger, Coster-Kronig and internal conversion
electrons: (A) “’Ga, (B) *™"Br, (C) ¥Zr, (D) **Nb, (E) *"Tc, (F) ""'In, (G) ''"™Sn, (H) '"’Sb, (I) '*I, (J)
1 (K) ""™Pt and (L) *°'TI (1). Atomic (i.e. AE and CK), and nuclear (i.e. IE) spectra are shown in

blue and red, respectively, while the B-spectra are plotted in green.
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