

Supplementary Information
Supplementary Figure Captions
Supplementary Figure S1 | Experimental platforms used in the present study.
(a) Photograph of the deep-water irradiation setup used for LWFA electron-beam transport and depth-dependent dose measurements. Multiple Gafchromic films were inserted at representative depths within the 20 cm water target for depth-dose analysis. Representative 10-shot accumulated Gafchromic film images obtained at selected depths are shown above the photograph.
(b) Photograph of the vial arrangement used for depth-range-resolved chemical conversion measurements within the 20 cm water target. Four sealed sample vials were positioned sequentially along the beam axis, corresponding to the depth ranges used for the chemical activation analysis shown in Figure 3d.
(c) Photograph of the experimental setup used for RF linac–based chemical and in vitro cellular irradiation experiments.
(d) Photograph of the irradiation geometry used for RF linac–based in vivo mouse irradiation experiments.

Supplementary Figure S2 | Monte Carlo evaluation of 27 MeV electron-beam penetration in representative experimental targets.
PHITS simulation of the lateral dose distribution for a 27 MeV electron beam propagating through a 5 cm water target. The simulation corresponds to the beam energy used in the chemical, cellular, and in vivo irradiation experiments and illustrates the spatial distribution of deposited dose during propagation through the representative target geometry.
PHITS-calculated depth–dose profile for a 27 MeV electron beam in a 5 cm water-equivalent target. The deposited dose was integrated over a circular region with a diameter of 10 mm, corresponding to the inner diameter of the sample vial used in the chemical activation experiments. The dashed lines indicate the approximate dimensions of the vial target used in the chemical activation experiments. The calculated profile demonstrates that the 27 MeV electron beam provides sufficient penetration depth for irradiation of the vial samples, cultured cells, and mouse tumor models employed in the present study.

Supplementary Figure S3 | Representative LWFA beam profile at the entrance of the water target.
Representative Gafchromic film image accumulated over ten consecutive LWFA shots at the entrance of the water target during the deep-water propagation experiments.
Corresponding normalized lateral beam profile derived from the image shown in (a). The observed profile exhibited an apparent full width at half maximum (FWHM) of approximately 690 μm.

Supplementary Figure S4 | Independent validation of Gafchromic film dose measurements using pulse-radiolysis-based KSCN chemical dosimetry.
Photograph of the KSCN chemical dosimetry setup used for independent dose evaluation under LWFA electron-beam irradiation. Transient absorption induced in the irradiated KSCN solution was monitored using a 450 nm laser-diode probe.
Comparison between dose values independently evaluated using KSCN chemical dosimetry and the corresponding Gafchromic film measurements in the overlapping depth region (5–15 cm) under identical LWFA irradiation conditions. The Gafchromic film dose values were evaluated from a localized analysis region around the beam propagation axis, approximately corresponding to the region sampled by the optical probe beam used in the KSCN measurements. The Gafchromic film data represent the mean ± s.d. of three independent measurements at each depth (n = 3), whereas the KSCN value represents the mean dose obtained from ten independent measurements within the overlapping depth region (n = 10). The broadly consistent dose levels obtained from the two independent dosimetry methods support the validity of the film-based dose evaluation under the present LWFA irradiation conditions.
Supplementary Figure S5
The reaction process of prodrug 3 activation.
(i) Electron beam irradiation generates hydrated electrons (eaq-) and hydrogen radicals (H) from water molecules.
(ii) These hydrated electrons and hydrogen radicals reduce the azide group, producing the amine intermediate 4.
(iii) Subsequent desorption of masking group 5 and decarboxylation yield the active drug. 

Supplementary Figure S6 Histological evaluation of normal tissues adjacent to tumors after electron beam irradiation
Tissues were collected four weeks after treatment.
(a) Untreated control (CTRL);
(b) prodrug 3 only (Prodrug);
(c) electron beam irradiation only (EB);
(d) combination of prodrug 3 and electron beam irradiation (Prodrug + EB).
Irradiation was performed using the L-band RF electron linac. No significant histomorphological abnormalities attributable to electron beam irradiation were observed in any group.

Supplementary Figure S7 | Conceptual schematic of a potential LWFA-based beam delivery configuration.
Illustration of a possible system layout for generating and delivering ultrashort, high-energy electron beams using laser wakefield acceleration (LWFA). Laser pulses from a high-power Ti:sapphire system are transported to a plasma acceleration stage, where electron beams are generated and subsequently guided toward a target. This schematic is intended for conceptual illustration only and does not represent a clinical or fully engineered system.


