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Abstract

Partial-body exposure cases are likely to occur in radiological accident, but studies on the application of biodosimetry have been relatively focused on whole—body exposure. |n addition, a direct data of
in vivo response to partial-body exposure are limited. In this study, we evaluated the in vivo response of cytogenetic biomarkers to localized and fractionated radiation exposure. We assessed time-
dependent changes in chromosomal aberrations before, during, and after localized fractionated radiotherapy. Patients (n=12) who received adjuvant radiotherapy after breast conserving surgery were
recruited for this study. Their blood samples were taken at various time points during radiotherapy, and dicentric chromosome assay and fluorescence in situ hybridization—based translocation assay were
performed. Chromosome aberrations were then used to calculate whole— and partial-body biological absorbed doses of radiation. Dicentric chromosome frequencies in all study participants increased
during radiotherapy (p < 0.05 in Kruskal-Wallis test). Increases of translocation frequencies during radiotherapy were observed in seven of the twelve patients. The increased levels of dicentric
chromosomes and translocations persisted throughout our 1-year follow—up, and evidence of partial-body exposure (such as Papworth’s U-value > 1.96) was observed more than 1 year after
radiotherapy. We found that cytogenetic biomarkers reflected partial-body fractionated radiation exposure more than 1 year post—exposure. In addition, biological whole—body dose estimates were
significantly correlated with calculated equivalent whole—body dose. The partial-body dose agreed quite well with the dose delivered to the tumor after the first fraction of radiotherapy. Taken together,
our findings suggest that chromosome aberrations can be used to estimate biological absorbed radiation doses and can inform medical intervention for individuals suspected of fractionated or partial—
body radiation exposure.

Background

» Biological dose estimation using chromosome aberrations such as dicentric chromosomes and
translocations has been applied to assess health risks and guide medical treatment decisions in
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Study subject Time (days) after first RT Time (days) after first RT
« Patients (n = 12) who were diagnosed with carcinoma in situ of the breast and scheduled to receive adjuvant radiation therapy were recruited for the study
* All subjects provided writen informed consent prior to participation, Figure 2. Chromosome aberration dynamics during and after the initiation of radiotherapy. The
*  Study Eligibilty criteria frequencies of dicentric chromosomes (A) and translocations (B) at time points ranging from —7 to 507 days, where day 0
Inclusion criteria Exclusion criteria indicates the first fraction of radiotherapy was received. Each symbol represents individual values of 12 patients.
women over the age of 19 - Ifpregnant or lactating at the time of study enroliment
pathologically proven carcinoma in situ of the breast, prior breast conserving surgery - if the radiotherapy field was a partial breast or bilateral breasts.
an Eastem Cooperative Oncology Group (ECOG) performance status of 0—2, - if scheduled radiotherapy was discontinued, ©- DCA {3 Translocation assay
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Blood collection 0.0 .
» Peripheral blood samples were collected before treatment, during the course of radiotherapy and after treatment (approximately 3, 6, and 12 months). 0.0 0.5 1.0
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Cytogenetic analysis and Biological dose estimation = 4 40-
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Table 1. Characteristics of the study cohort. N L S v~
0 10 20 30 40 100 150 200 250 300 350 400 500 0 10 20 30 40 100 150 200 250 300 350 400 500
| | | | Ph¥3'ca”y Time (days) after first RT Time (days) after first RT
Patient cod Age ECOG Durationof RT ~ Height Weight BSA BV BVCT Dean_sver estimated
e J (day) (cm) (cm) (m?) (litre) (litre) (Gy) whole-body dose
(Gy) Figure 4. Partial-body radiation exposure during and after the initiation of radiotherapy. Partial-
#1 49 0 39 164 65.7 1.73 62.12 14.67 5.49 1.296 body doses (A) and irradiated areas (B) were calculated using the results of the DCA based on the contaminated Poisson
#2 48 1 33 162 53.2 1.55 49.90 11.35 4.19 0.953 method. Each symbol represents individual dose estimates of 12 patients at various time points (-7 to 507 days), where
#3 44 0 33 158 63.5 1.67 60.08 14.73 5.46 1.339 day O indicates the first fraction of radiotherapy was received.
#4 44 0 33 158.5 52.8 1.52 49.30 10.36 4.59 0.965
#5 52 0 33 150 56.7 1.54 53.40 13.62 5.16 1.316 Table 1. Partial-body exposures estimated by dicentric chromosome assay.
#6 52 0 37 165 59.6 1.65 55.90 13.38 5.11 1.223
#7 55 0 37 152.1 84.7 1.89 83.06 18.23 5.12 1.124 — . . , .
40 60 0 39 150 6 574 16 5408 13.26 4.46 1.094 Radiation exposure during radiotherapy Partial-body exposure estimated by DCA
49 75 1 33 143.1 59 3 154 56.39 12.81 447 1015 Tumor dose (Gy) Local dose (Gy) + SEM Irradiated volume (%)
#10 40 0 40 168.5 55.3 1.61 51.51 10.25 3.85 0.766 #1 2.0 2.28 £ 0.35 5.88
#11 61 0 40 160.1 66.3 1.72 62.96 15.00 5.28 1.258 #6 2.0 2.08 + 0.33 10.95
#12 46 0 33 160.6 52.3 1.53 49.04 10.54 4.69 1.008 #9 2.0 2.42 £0.37 5.12
#12 2.0 3.91 + 0.45 3.64
CV (%) - - 8.6 4.4 14.8 6.8 16.4 17.8 10.9 16.0 _ _ _ _
lPartial-body dose was estimated by contaminated Poisson method (mean lethal dose = 2.70 Gy).
ECOG, Eastern Cooperative Oncology Group performance status; BSA, body surface area; TBV, total body volume; RT, radiation DCA, dicentric chromosome assay; SEM, standard error of the mean.

therapy; BVCT, total body volume according to the planning CT scan; D, sver» mean dose of total body volume according to the

planning CT scan. B Conclusions
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