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ABSTRACT

Background. Accidental radiation exposure can occur anytime. Biodosimeters help in quantifying the absorbed
dose of individuals who are not equipped with personal dosimeters during radiation exposure. The dicentric
assay can quantify radiation damage by correlating radiation dose exposure with the frequency of dicentric
chromosomes in the peripheral lymphocytes extracted from exposed individuals.

Objective. The study aims to present the interim results of the reference dose-response curve for a Philippine
radiotherapy facility constructed using a 6MV linear accelerator (ClinacX, Varian).

Methods. Samples of peripheral blood from healthy volunteers were irradiated in a customized water phantom
of doses 0.10 to 5.0 Gray using a linear accelerator. The irradiated samples were cultured and analyzed following
the International Atomic Energy Agency Cytogenetic Dosimetry Protocol (2011) with modifications. Linear-
quadratic model curve fitting and further statistical analysis were done using CABAS (Chromosome Aberration
Calculation Software Version 2.0) and Dose Estimate (Version 5.2). Interim results of the samples were used to
generate these curves.

Results. The dose-response curve generated from the preliminary results were comparable to published dose-
response curves from international cytogenetic laboratories.

Conclusion. The generated dose-response calibration curve will be useful for medical triage of the public and
radiologic staff accidentally exposed to radiation during medical procedures or in the event of nuclear accidents.
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INTRODUCTION

Ionizing radiation exerts its effect on biological
tissues through double-strand breaks. Radiation therapy,
through ionizing radiation, also controls cancer growth
by producing double-strand breaks and eventual mitotic
death. The effects of radiation can be affected by cell
repair, reassortment, reoxygenation, repopulation, and also
radiosensitivity. Accumulation of such DNA breaks can
produce chromosomal aberrations, one of which is the
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also gives importance to its advancement. Biodosimetry
is mainly used in radiation accidents resulting in mass
exposure. It can be used for triaging exposed individuals as
it gives an initial and rapid approximate of absorbed dose.?

Biodosimetry is of value in cases of accidental radiation
exposures if dosimeters are not worn by exposed staff, or
in cases of equivocal dosimetric measurement.” Its use is
mainly to elucidate absorbed doses in cases where the details
surrounding the accidental radiation exposure are unclear
or no dose measurements are available. This is important in
the assessment of stochastic effects such as carcinogenesis. A
stochastic effect, by definition, is not dose-related; hence a
radiation exposure of 1 Gray is no different from a 0.1 Gy
exposure with regard to the risk of inducing carcinogenesis."
According to the International Commission on Radio-
logical Protection (ICRP), for the general population
exposed to low dose and low dose rate radiation, there is
a 5% per sievert risk for carcinogenesis." Investigation of
absorbed doses is also important in high exposures such as
during radiotherapy, wherein deterministic health effects
are considered; wherein overexposure beyond an organ dose
limit can result in toxicities.

Assays for biodosimetry include the dicentric assay
(which is considered the gold standard), micronucleus assay,
chromosome painting, premature chromosome condensation
(PCC), and gamma H2AX focus test.> Table 1 shows the
different dosimetry protocols and their characteristics, as
published by Kulka.?

The chromosomal
lymphocytes of exposed individuals are interpreted in terms

aberrations observed in the

of absorbed dose about a dose-response curve. Such dose-
response curves are verifiable with a physical instrument
like an ionization chamber. It is recommended that a dose-
response curve be calibrated for each laboratory.

Dicentric Assay

Dicentrics  are
and these are the main chromosomal aberration used
for biodosimetry. It is defined as “an exchange between
the centromeric pieces of two broken chromosomes which in
its complete form is accompanied by a fragment composed
of the acentric pieces of these chromosomes.” Multicentric
configurations can also be formed after high doses.?

The dicentric chromosome assay was developed by
Bender and Gooch in 1962 and has been the gold standard
for biological dosimetry.* Each institution should construct
a dose-response curve that will likely represent the radiation
type it frequently uses and from which the likelihood of a
radiation accident is considered increased.” The dose-
response best fits the linear-quadratic model for low LET
radiation, Y = oD + BD2, and linear for high LET radiations,
Y = oD. By creating calibration curves unique to each
laboratory, other factors such as dose rate, type, and energy
of radiation, all of which influence alpha (o) and beta (B) can

be taken into account.®

unstable chromosome aberrations

Significance and Impact on Existing Policy

The main purpose of the essay is its use in radiation
protection of radiation workers, patients, and the general
public. This is very important in the event of equivocal

Table 1. Comparison of Dicentric Assay (DIC), Micronucleus Assay (MN), Fluorescent Immunohistochemistry Translocation Assay
(FISH), Premature Chromosome Condensation (PCC) and YH2AX staining assay, Electron Paramagnetic Resonance
(EPR), and Optically Stimulated Luminescence (OSL). Reprinted with permission from the author. “RENEB - Running
the European Network of Biological Dosimetry and Physical Retrospective Dosimetry” by Kulka et al., 2016. International
Journal of Radiation Biology, 93:1, 2-14. Available online at: https://doi.org/10.1080/09553002.2016.1230239. Under
Creative Commons Attribution-Non Commercial-No Derivatives License.®
Classification of Individuals: Green/
Orange/Red (<1 Gy/1-2 Gy/>2 Gy)
Time from RENEB capacity
sample receipt (analyzed persons
to result® per week)

Stored material:
Type and time range
for further analysis®

Implication
of individual
sensitivity?

Detection
range (Gy)

Time frame for
sample collection?

Sample

Assay Robustness©

type

Dic blood days - months 52 hours ca. 1000 0.1-5 high yes fixed cells, slides: years

MN blood days - months 75 hours ca. 400 0.2-5 medium yes slides: years

FISH  blood days - years 120 hours ca. 100 0.3-4 medium-high yes fixed cells: years

PCC  blood hours - months 2-8 hours ca. 50 0.1-20 high yes frozen lymphocytes,

fixed cells, slides: years
YH2AX  blood days 3 hours ca. 1800 0.2-5 low ? fixed cells, slides:
up to one year
EPR PEDf hours - years <1 hour ca. 770 >1 high no glass: years
OSL PEDe hours - months <1 hour ca. 500 >0.1 high no resistors: weeks

aTime between irradiation and sample collection; *Time from arrival of a sample in the laboratory until the classification of a person, without
time for transport/shipment; ‘Robustness: high: little influence of disturbing factors, medium: some influence of aging, smoking, other agents,
low: large influence of other agents and factors; “Considering the individual sensitivity of a person; ¢Type of the stored material and time frame to
perform further analysis; fPED, personal electronic device (glass touchscreen, e.g., smart phone); sPED, personal electronic device (resistors from
circuit board, e.g., mobile or smart phone).
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measurements based on physical dosimeters and during
radiation accidents. Since there is increasing use of
ionizing radiation in medicine such as diagnostic radiology,
interventional radiology, fluoroscopic procedures, and even
nuclear medicine, the benefit of such radiation protection
service for workers and patients cannot be overemphasized.!

Studies like this also answer the call made by the IAEA
to advance cytogenetic biodosimetry as well as establish
a dose-response curve unique to one’s institution. Last
2007, Dr. Zhanat Carr of the World Health Organization
(WHO) and IAEA called for the development of a global
biodosimetry laboratory network for radiation emergencies.
Such a global network will allow the sharing of protocols,
criteria for quality assurance, comparative studies, and other
vital operations.”

At our institutional level, this study can support policy
modifications in the event of accidental exposure, equivocal
dosimeter readings, or circumstances wherein measured
readings do not correlate with perceived exposure. By
simply providing a blood sample for the dicentric assay, the
individual’s total absorbed dose can be correlated with the
monitored doses from the physical biodosimeter, if worn
by the individual. Hence, issues on accidents and equivocal
readings can be addressed through quantitative data and
further exposure can be minimized if warranted. Such
monitoring is particularly important for radiation workers
since ionizing radiation can manifest effects years after
exposure, including carcinogenesis and infertility.

Cytogenetic assays are used in other countries to
determine radiation exposure in vivo. The micronucleus
assay, a type of cytogenetic assay and one of the most
basic has also been studied as a reliable and standardized
assay to determine radiation exposure.® It has been used
in monitoring cumulative radiation doses such as among
industrial radiographers as reported by Shakeri, et al.” The
micronucleus assay has also been used to monitor hospital
personnel, chemical, and agricultural workers for genomic
damage due to chemical genotoxins.'® Chromosomal
aberrations (including dicentrics), which are more specific for
ionizing radiation than the micronucleus assay, are also used
to monitor occupational exposures such as those of personnel
working in angiocardiography laboratories.” In the United
States, bioassays are used in internal radiation dosimetry
for cases who received an annual committed effective dose
of 0.001 Sv or more from all occupational radionuclide
intakes.? In Bosnia, biodosimetry by chromosomal analysis
is done for workers exposed to effective doses greater
than 200mSv."3

Cytogenetic assays can also be used in radiotherapy
for patient monitoring. LeFevre studied cytogenetics and
its correlation with long term effects among patients who
underwent radiotherapy.

Aside from these, this research will also contribute
to the limited body of data on the use of dicentric assay
dose-response curves based on radiation produced by a
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linear accelerator. The majority of previous dose-response
curves were established using Cobalt teletherapy machines
or gamma irradiators, both of which are no longer used as
standards in current radiotherapy protocols. By using the
linear accelerator, the dose-response curve produced in
the institutions laboratory is more accurate in estimating
accidental dose exposures in the local setting.

OBJECTIVES

General Objective
— establish a validated cytogenetic assay for biodosimetry
specific for the UP-Philippine General Hospital

Specific Objectives

—  construct the dose-response curve from the frequency
of dicentrics versus dose points of irradiation using
dosimetric software

— validate the constructed dose-response curve

METHODS

'This research is an in vitro study of the dicentric assay
for developing a dose-response curve based on the dicentric
assay protocol from the International Atomic Energy
Agency (IAEA). This study was made in cooperation with
the University of the Philippines-Philippine General
Hospital (UP-PGH) 2019 Resident’s Research Grant under
the PGH Expanded Health Research Office (EHRO). The
UP-Manila (UPM) National Institute of Health (NIH)
Institute of Human Genetics and Department of Radiology,
Philippine General Hospital has also supported the study.

Selection and Description of Participants

Convenience sampling was done by recruiting indivi-
duals known to the investigators or by word of mouth for
volunteers for one month. Participants were recruited
from employees of PGH and UPM. Recruitment posters
were posted within the PGH and UPM campus as well
as in UPM and PGH social media accounts. The primary
investigator also contacted employee organizations within
UPM and PGH to ask for assistance in recruitment.
Each recruit was contacted by the primary investigator to
explain the role of the volunteer, duration of participation,
and risks involved; and also to screen the volunteer for
eligibility. Participants were initially contacted by phone,
and the study was explained personally thereafter.

Based on the IAEA Dicentric Analysis Protocol,
subjects consisted of eight (8) healthy, voluntary individuals
aged 19-50, with no known comorbidities, non-smokers,
and did not receive radiation for the past six months.”
They did not take antiparasitics, antibacterials, antibiotics,
antineoplastics, or illegal drugs 25 days before sampling.
Volunteers were not treated for tuberculosis prior and were
not presumptive of pregnancy.

VOL.55NO.1 2021

ACTA MEDICA PHILIPPINA 119



Dose-Response Curve for Dicentric Biodosimeter

]

.‘:.
#
\
.i.
)
§

Figure 1. Customized water phantom for the irradiation of a microcontainer, containing a blood sample, at 3Gy/min using the

ClinacX Linear Accelerator.

Sample Preparation and Irradiation

Once eligibility was assessed, history and physical
examination done, risks explained and informed consent
taken, peripheral blood samples amounting to 10ml
were extracted from each volunteer and stored in lithium
heparinized tubes. Participation of the human participants
ended after blood extraction. The samples were equally
aliquoted into nine containers, and no excess blood samples
were left unprocessed.

Irradiation of the samples was done using the UP-PGH
Linear accelerator (CLinacX, Varian) at a dose rate of 3Gy/
min.”® (Figure 1) The irradiation was carried out at 37°C
in a water bath. Each sample was individually irradiated to
the following doses: 0.10, 0.25, 0.50, 1.0, 2.0, 3.0, 4.0, and
5.0 Gray. The ninth sample was assigned as the negative
control that received 0 Gray and was placed in a 37°C water
bath. The samples were stored at 37°C for two hours then
brought to the NIH-IHG laboratory in an ice bath below
20°C to prevent the progress of the cell cycle. During
the transfer, the optimum temperature of 18-24°C was
maintained. The samples were placed in a rigid, crushproof
container and inside a secondary water-tight container with
additional cushioning.

Dicentric Assay Protocol

The dicentric assay protocol was based on the IAEA
guidelines as stated in the Cytogenetic Analysis for
Radiation Dose Assessment Manual; while the lymphocyte
culture and harvest was done using the optimized protocol
of the Cytogenetics Laboratory of the University of the
Philippines Manila - National Institutes of Health (UPM-
NIH) Insitute of Human Genetics. Procedures hereafter
were performed at the Cytogenetics Laboratory, Institute of
Human Genetics, UPM-NIH.

One ml of irradiated, heparinized whole blood of the
specified doses was aliquoted into labeled culture vessels,
containing approximately 6.0ml of complete culture
medium (RPMI/MEM with L-glutamine supplemented
with fetal bovine serum, penicillin/streptomycin, or
antibiotic/antimycotic and PHA). These were then incubated
in the dark at 37°C = 0.5°C for 72-96 hours. Before cell
harvest, 100ulL of thymidine was added to all tubes during
the blocking step for cell cycle synchronization. These were
then mixed thoroughly and returned into the 37°C incubator.
About 15 hours before harvest, 100ul. 2-deoxycytidine was
added to release from the cell block. The tubes were mixed
thoroughly and re-incubated at 37°C. For the lymphocyte

culture harvest, 50ulL of colchicine was added to the culture
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Figure 2. An example of dicentric chromosomes (red arrows) as
seen in one of the samples irradiated, in comparison
with a normal chromosome (black arrow).
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to induce metaphase arrest and then mixed by inversion. The
cell pellet was obtained through repeated centrifugation and
was resuspended in 5ml 5% acetic acid to form a frothy head.
The supernatant was aspirated and resuspended with 1ml
of fixative dropwise. Fixation was done thrice, subsequently
with repeated drying and resuspension. One to three drops of
the cell suspension were placed at the center of a dried slide
to prepare for slide analysis. Laboratory work and disposal
of biologic materials followed the Institute of Human
Genetics Biorisk Management Manual version 2.0 2015.

Slide Analysis and Data Recording

The slides were coded to prevent bias. The whole slide
was scanned at low magnification (100-200x) for a quick
scan of analyzable cells. Scanning was then done at higher
magnification (1000x) (Figure 2). It is suggested that 500
cells or 100 dicentrics be scored to give a reasonably accurate
dose. Only complete spreads were analyzed (i.e., 46 pairs).
For this interim analysis, all of the 3,509 cells were analyzed.

Electronic systems were used to record information. In
the laboratory, a score sheet was used based on the IAEA
Handbook (2011) to facilitate dicentric scoring.” Data
recording was done using a password-protected computer.

Analyzed microscopic slides will be kept under the
optimal condition in the Institute of Human Genetics -
Cytogenetics Laboratory indefinitely. These slides will serve
as the reference data for the dose-response curve and may
be used in further research regarding genotoxicity from
radiation accidents. All the information gathered during
the research and subsequent analysis will be guarded with
strict confidentiality.

Statistical Analysis

The dose-response curves were constructed using
CABAS Software version 2.0 and Dose Estimate version
5.2. To assess Poisson distribution, the dispersion index
and normalized value of the index (u) were computed based

on the JAEA Handbook.2

2 N-1
u = (0?/y-1) 21-1/y)

dispersion index (o%/y)

Dispersion index close to 1 and u values between +1.96
indicates Poisson distribution. The above software was also
used to compute for the goodness of fit and chi-square tests
for homogeneity.

Correlation indices and goodness of fit were compared
between the dose-response curves constructed. Validation
of the dose-response curve and coeflicients was done by
comparing these to established dose-response curves from
other cytogenetic laboratories.

The CABAS Software was used with permission from
Dr. Andrzej Wojcik of the Centre for Radiation Protection
Research, MBW Department, Stockholm University,
Sweden. The Dose Estimate Software was also used with

permission from Dr. Elizabeth Ainsbury of the Public
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Health England Centre for Radiation, Chemical and
Environmental Hazards (PHE CRCE), United Kingdom.
Both chromosomal aberration analysis programs are
endorsed by the IAEA for the construction of the dose-

response calibration curves.

Ethical Considerations

The research was conducted based on the principles
of good clinical practice. The protocol and consent were
submitted and approved by the University of the Philippines
- Manila Research Ethics Board (UPMREB). Subject
privacy, confidentiality, and anonymity were maintained.
Forms were anonymized and coded using identification
numbers. Data linking documents will be kept only until
the end of data analysis. A data protection plan compliant
with the Data Privacy Act was put in place. Personal
information and data retrieved from samples will remain
confidential as discussed and written in the consent form.
'The staff of the Cytogenetics Laboratory followed the Data
Security Plan of the Institute of Human Genetics Biorisk
Management Manual Version 2.0 2015. The study adhered
to the voluntary participation of subjects, and Informed
consent for blood extraction, preparation of the dicentric
assay, storage of chromosomal data/archived slides, and
disclosure of results were secured before any data collection.

RESULTS

Peripheral blood was donated by eight volunteers aged
25-39 (mean 33), without any vices (smoking, alcohol),
comorbidities, previous treatment for tuberculosis, nor recent
x-ray exposure. Donors were ensured to not have had prior
exposure to radiotherapy and chemotherapy. Each donor
was scored for approximately 300 - 400 cells.

After in vitro irradiation using the customized water
phantom at 3Gy/min, the samples were sent for cytogenetic
analysis and a total of 3,509 metaphase spreads were
counted. As per the IAEA grading sheet, all chromosomal
aberrations were counted. Preliminary data obtained from
the samples are shown in Table 2. The study is still ongoing
to count the remaining cells for a more robust dose-

Table 2. Chromosomal Aberrations after acute irradiation as
observed in human lymphocytes

Dose (Gy) Total Cells per Dose  Dicentrics Ring  Acentric
0 499 2 0 0
0.1 300 4 0 0
0.25 600 0 1 0
0.5 634 12 7 12
1 558 24 2 21
2 301 15 8 9
3 504 303 77 430
4 113 92 7 98
5 no growth
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response curve as advised by Dr. Kato of the Department
of Environmental and Radiological Health Sciences,
Colorado State University, USA (personal communication,).
The frequency and distribution of the dicentrics are
shown in Table 3. The dispersion index (o/y) and U test were
computed as per the IAEA EPR Biodosimetry Handbook.?

aberrationsicell=aD*2+bD+c

aberrations per cell

dose D

Figure 3. The Dicentric Dose-Response Curve, based on
observed dicentric frequencies, fitted using CABAS

The sample irradiated at 0.25Gy did not yield any
dicentric in the 600 cells; hence the dispersion index and
U-test index were not computed. To be able to proceed
with the statistical analysis, a value of 1 dicentric score (as
background radiation) was substituted for dose 0.25Gy
(with a score of 0) for the equation to be operable. This was
by the IAEA consensus of background radiation of 0.5-1
dicentric per 1000 cells.?

Using the Chromosomal Aberrations Calculation
Software (CABAS 2), the data was fitted using a linear
quadratic model: y = C + aD + pD? (Figure 3). The CABAS
software computes the curve using maximum likelihood
methods and resulted with the equation:

y = 0.0086 + 0.0030) + (-0.0275 + 0.0107)D + (0.0629 + 0.0048)D?

For correlation, the curve (Figure 4) was also constructed
using iteratively reweighted least square methods using
the Dose Estimate Software version 5.0 that resulted in
the equation:

Y = 0.0080 (+ 0.0090) + (-0.0250 (+ 0.0335)D + (0.0633 + 0.0151)D?

Similar to the result of the dispersion index, there is

version 2.0. overdispersion when computing for the two curves based
Yield Curve
@ Data — Yield Curve Upper 95% Cl — Lower 95% Cl |
16 ............
14 H
12
0,8 .
0.6 B :
15 2

25 3

Dose, Gy

Figure 4. The Dicentric Dose-Response Curve, based on observed dicentric frequencies, fitted
using Dose Estimate Software version 5.2, with 95% confidence intervals.

Table 3. Frequencies and Distributions of Dicentrics after acute irradiation as observed in human lymphocytes

Dose (Gray) Total Cells Dicentrics

0 499 2 497 2
0.1 300 4 296 4
0.25 600 0 600 0
0.5 634 12 622 12
1 558 24 536 21
2 301 15 289 9

3 504 303 284 154 5

4 113 92 50 41 1

w O O O O o

0
8

0 O 0 0 0.004 0.998 -0.045
0 O 0 0 0.013 0.99 -0.142
0 O 0 0 0 - -
0 O 0 0 0.019 0.983 -0.323
1 0 0 0 0.043 1.21 3.57
0 O 0 0 0.05 1.35 4.5

15 1 0 0 0.601 1.07 1.07
2 1 1 0 0.814 1.06 0.488
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Table 4. Comparison of Linear and Quadratic Yield Coefficients of the CABAS and the Dose Estimate Programs

C+SE b + SE a+SE DF P-value 12
CABAS 0.0085+ 0.0030 0.0629 + 0.0047 -0.0275 + 0.0107 5 <.0001 —
Dose estimate 0.0080 + 0.0090 0.0633 +0.0151 -0.0250 + 0.0335 5 <.0001 0.9716

on a two-tailed chi-square test. This is likely attributable
to the overdispersion at higher doses (1Gy and 2Gy),
which is comparable to the reports of other cytogenetic
laboratories. For the curve fitting, the r* value of 0.9716
showed a good fit for the model as seen in Table 4.

DISCUSSION

Biodosimeters function by measuring chromosome
aberrations that reflect the radiation damage to the cell’s
nucleus. Dose to soft tissues is a good approximation
of the dose to the nucleus from photons and neutrons.
The lymphocyte nucleus is very small compared to the
secondary particles produced by photons and neutrons, hence
the Bragg-Gray cavity theory is applicable in such cases.?

The dose determined based on cytogenetic studies
using a dose-response curve is the average absorbed dose
of the lymphocytes. Since blood circulates, this is the
approximate averaged-out whole body dose received by an
individual. The accuracy of biodosimetry is limited by non-
uniform exposures, the intake of radionuclides, and delayed
blood sampling.?

The half-life of dicentric chromosomes is reported
to be 1.5 years.* The usefulness of the dicentric assay is
limited if the sampling is performed months or a few years
after irradiation, although its sensitivity for whole-body
irradiation can be as high as 0.1 Gy.'

The results showed that there is an increasing frequency
of dicentrics with increasing doses, as seen in the yield per
dose (Table 3). Based on the data from the Dose Estimate
software, the correlation coefficient of the curve (1?) = 0.9716
means that there is a good relationship among the data
points of the linear-quadratic dose model. Rings and acentric
were also found to be dose-dependent. These were noted
only for completeness as per the IAEA protocol. However,
there were no dicentrics found in the 600 cells irradiated to
0.25Gy. 'This supports the recommendation that thousands

of cells should be counted for the low dose radiation points,
especially for those irradiated to less than 1 Gray.®

Also, there is no growth for several samples irradiated
at 5Gy. 'This is similar to the experiences of several
cytogenetic studies at a high level of irradiation. The issue
had been addressed by Pujol, et al. that one can increase
the culture time of the lymphocytes to increase dicentric
yield.”” Also, another measure is to score acentric and rings
in addition to the dicentrics. Lastly, a technique known as
Premature Chromosome Condensation (PCC) can be
utilized at higher doses, to analyze heavily damaged cells
blocked at the G2/M phase. The downside of the PCC is
that dicentrics cannot be analyzed."”

Theoretically, the yield for dicentrics in samples irra-
diated by x-rays follow a Poisson distribution. Our data
shows that most of the dose points follow the Poisson
distribution as indicated by a dispersion index approximating
1, and a U-test index of + 1.96 as well as by the chi-square
values. Overdispersion was observed in samples irradiated
at 1 Gy and 2 Gy, as seen in Table 2. The adjustment was
done using Estimate Dose Software to construct the dose-
response calibration curve. Overdispersion can be attributed
to the x-rays produce many tracks of radiation damage (i.e.,
quadratic) and this becomes more random at higher doses.'®
Overdispersion can also occur at high radiation doses due
to non-homogeneous irradiation of the sample.®

The majority of the cytogenetic assays use gamma
and x-ray radiation, as these are the most common sources
of radiation accidents.? The use of the linear accelerator as
the reference and basis of calibration curves is surprisingly
still new despite its increased use and availability in
radiotherapy centers worldwide.

Based on a review of available literature, this study
is among the few cytogenetic assays that used a linear
accelerator to generate x-rays. It is the second study (after
Bakkiam, et al.) to use a high dose rate of 3Gy/minute.”
Dose rate affects dose-response curves since the BD?is

Table 5. Dicentric Dose-Response Curves using Xrays produced by Linear Accelerators

Study Energy Dose Rate (Gy/min) Equation of Dose-Response Curve
DOSSOU (2000, France)® 18MV 0.16 Y =c+(0.052 +0.010)D + 0.037 £ (0.003)D2
. Y =(0.001+0.007) + (0.013+0.007)D + (0.056+0.004)D2
LEMOS- PINTO (2015, Brazil)®  6MV 0.54
Y = (0.001+0.009) + (0.013+0.009)D + (0.056+0.006)D2
. Y = (0.00037+0.0004) + (0.03667+0.0054)D + (0.05627+0.0025)D2
BAKKIAM (2015, India)*® 6MV 3
Y = (0.00077+0.0005) + (0.03557+0.0057)D + (0.060870.0028)D2
LEE (2019, Korea)* 6MV 0.5 Y =(0.0011+0.0004) + (0.0119+0.0032)D +(0.0617+0.0019)D2
Y = (0.0086+0.0030) + (-0.0275+0.0107)D + (0.0629+0.0048)D2
This study (2019, Philippines) 6MV 3 ( )+ ) ( )

Y = (0.0080+0.0090) + (-0.0250+0.0335)D + (0.0633+0.01+51)D2
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dependent on it. A higher dose rate means a lower chance for
DNA repair.” When compared to cytogenetic dose-response
curves using x-ray irradiation, the coeflicients developed by
this study’s curves are similar to published data (Table 5).

The calibration curve aims to determine an accurate
dose from a set of analyzed cells and dicentric frequencies,
ideally within 20% of the actual whole-body dose received
by the individual. The standard error of + 20% is sufficient
to triage the individual for medical management.

Even though the dicentric assay is the gold standard
for radiation dosimetry, its major disadvantages include
being labor and time-intensive and being highly technical.
A skilled cytogeneticist can take one whole day to analyze 200
cells.?® In this study, intra-comparison bias was minimized
by having a senior cytogeneticist perform reviews.

Another factor that can affect the estimation of the
dose is culture conditions. Authors have stated that changes
in the laboratory culture protocol and handling of samples
can affect metaphase chromosomes.?* Because of this
factor, each cytogenetic laboratory is advised to construct
their dose-response curves and coeflicients.?

As of this time, the data of this report is still preliminary.
To increase the robustness of the reference curves and to
follow set international guidelines for the construction of
such calibration curves, the study will continue to analyze
approximately 2,400 cells per dose point or at least 100
dicentrics per dose point.

Although the calibration curve is based on preliminary
data, it can be utilized to predict doses within 95%
confidence intervals. To reduce the risk of overestimating
doses, the IAEA also recommends predicting doses to
83% confidence intervals. Such changes can be made using
the Estimate Dose software.?

CONCLUSION

The curve coeflicients generated by this study using
CABAS (Chromosome Aberration Calculation Software
Version 2.0) and Dose Estimate (Version 5.2) software are
comparable to published data of dicentric dose-response
curves of x-rays generated by linear accelerators. The
curve also demonstrated goodness of fit (r*: 0.9716). This
generated dose-response calibration curve will be useful for
medical triage of the public and radiologic staff accidentally
exposed to radiation during medical procedures or in the
event of nuclear accidents. This analysis will be pursued
to produce a more robust dose-response curve that meets
international standards.

Recommendations

Recommendations after completion of the dose-response
curve include inter-laboratory comparison for quality
assurance and dosimetric curve calibration for determining
cut-offs for radiologic triage, such as for events needing
rapid dose determination (ex. mass exposure to radiation).
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