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The ultimate goal of radiotherapy is to ablate the cancerous 
tissues with lethal doses from radiation beams while largely sparing 
the adjacent normal tissues and critical structures. With large 
therapeutic doses delivered to the tumor volume, it is not uncommon 
to think that there is no need to optimize our clinical practices to 
reduce the imaging doses to the patients from these routine imaging 
procedures during IGRT. Part of this view stems from the observation 
that the imaging doses merely accounted for a small fraction of the 
therapeutic doses if the imaging dose per procedure was compared 
to the therapeutic dose per fraction [10-13]. With the technological 
advancement, the newer model of imaging devices could result in 
lower imaging doses per procedure as compared to older models [14]. 
However, our recent analysis on the imaging patterns and clinical 
practices indicates that the cumulative imaging doses to the patients 
could be of serious concern [15]. Primarily, we are concerned about 
the imaging doses in cancer radiotherapy for the following three 
reasons:

1. Medical imaging procedures are increasingly used in the 
radiotherapy nowadays, many of which are non-personalized and 
non-optimized. In comparison to a typical therapeutic dose of 180 
cGy delivered to the tumor in one fraction, a typical kVCBCT scan 
would deposit 1-12 cGy to various organs-at-risk (OARs) in a patient 
depending on patient size, organ, scan settings and scan mode, 
accounting for 1-7% of therapeutic dose [10-13]. However, with sub-
optimal settings (e.g., larger scan range than clinically needed), some 
critical structures such as testes would receive up to 400% more doses 
from a kVCBCT scan than the therapeutic mega-voltage beams [16]. 
In addition, with non-personalized settings (e.g., ‘one-protocol-fits-
all’ approach currently used in the clinic), pediatric patients who are 
more susceptible to radiation damage will receive 2 to 3 times more 
doses than the adult due to much reduced tissue attenuation [17-19].

2. Many imaging procedures are repetitively applied in the 
clinic, some of which should be avoided. It has been reported that 
due to over-utilization, more than one fourth to one third of CT 
and other diagnostic imaging procedures are administered to the 
patients without justification in the clinic [1,3,20-21]. According to 
our recent study, the mean doses from various imaging procedures 
(CT simulations, kV portal, MV portal and kVCBCT) to the patient 
were 8.3 cGy to the brain, 10.5 cGy to the lungs and 19.2 cGy to the 
red bone marrow, respectively [15]. As one or more of those imaging 
procedures were applied more than once to the patient, the cumulative 
imaging doses during one’s treatment course were alarmingly high, 
with brain dose reaching up to 143 cGy, lung dose up to 258 cGy, and 
red bone marrow dose up to 172 cGy, respectively, significant enough 
to impact the clinical outcome if not carefully accounted for.

3. Unlike radiotherapy’s treatment dose, the concomitant 
imaging dose is not target-focused and is widely deposited across the 
3-dimentional volume of the patient. Modern volumetric imaging 

Introduction
A recent report by The National Council on Radiation Protection 

and Measurements (NCRP) indicated that there has been a steady 
gain in the five year survival rate for all the cancers combined 
together, reaching 66% by 2006, due primarily to the advances in 
cancer detection and cancer treatment [1]. Radiotherapy continues 
to be an essential part of a successful cancer treatment together 
with surgery and chemotherapy, with 50% of all patients receiving 
radiation therapy for the management of their cancers [1].

Modern radiotherapy relies on routine applications of imaging 
procedures for accurate tumor localization, real-time patient setup 
and margin reduction in the radio therapeutic management of 
cancers, a technique known as Image-Guided Radiotherapy (IGRT) 
[2]. The involved technologies include Digital Radiography (DR), 
Computed Tomography (CT), Magnetic Resonance Imaging (MRI), 
Positron Emission Tomography (PET), Electronic Portal Imaging 
(EPID), and Cone Beam CT (CBCT) etc., most of which utilizes 
ionization radiation [2]. Among them, Kilo-Voltage Cone Beam 
CT (kVCBCT) has emerged as one of the most frequently applied 
techniques in the clinic.

For many years, the adverse impact of diagnostic CT on the 
patients has been recognized and a lot of efforts have been devoted 
to the dose reduction and patient safety [3-7]. Approaches like the 
use of bowtie filter and Automated Exposure Control (AEC) are now 
established practices in CT. More recently, the ‘Image Gently’ and 
‘Image Wisely’ campaigns have been initiated to increase awareness of 
the opportunities to lower radiation doses in the imaging of children 
and adults, respectively [8,9]. However, similar investigations on 
CBCT have largely been missing, due primarily to the early stage of 
CBCT applications in the clinic and some misunderstandings of the 
imaging doses in the context of radio therapeutic doses.

Steadily increasing imaging doses in IGRT
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procedures such as kVCBCT scans often irradiate 45-1600% more 
patient volumes than the therapeutic mega-voltage beams depending 
on patient size and tumor volume, adding 21-26% more integral 
doses to the surrounding normal tissues, which are to be spared in 
the mega-voltage beam radiotherapy treatments. This collateral 
damage is unfortunately unavoidable due to the current design and 
implementation of CBCT scans in the clinic. While the benefit of 
clinically justified imaging scans will undoubtedly outweigh the 
cancer risk they might pose to the patients, redundant and often 
unjustified imaging procedures could lead to considerable cancer risk 
in the long term, especially to the children [22].

New approaches for reducing imaging doses
In the past few years, there have been numerous technical 

developments in reducing the imaging doses from CT, CBCT and 
other imaging procedures used in diagnostic radiology and radiation 
oncology [23-27]. While it is important to develop new algorithms 
and methods for personalized and optimized low-dose imaging 
procedures, it is even more critical to address the concern of ever 
increasing imaging doses by focusing our efforts on the clinicians 
who are the actual decision-makers in routine patient care. Hence, we 
propose the following two approaches:

1. Empower the clinicians with efficient tools to justify their 
practices and reduce imaging procedures. Needless to say, the 
clinicians nowadays are subject to increasing pressure in their clinical 
works such as the concerns of the throughput, as well as legal and 
economic matters. IT tools embedded in the clinical workflow 
and enabled with decision support will therefore be highly desired 
to eliminate the redundant and unnecessary examinations where 
possible, or to help the clinicians to select alternative examinations 
with minimal radiation exposure [28-31]. One of such tools is a 
computerized physician order entry (CPOE) which provides decision 
support to the clinicians in real-time during their regular workflow 
[28-29]. According to one recent study, with CPOE the physicians 
actually improved on the 25% of their diagnostic imaging orders 
initially prompted as inappropriate [30]. Another tool of this kind 
is an iPhone App termed CT Gently which can be used to estimate 
organ dose and associated cancer risk from a CT or CBCT scan for 
an individual patient based on one’s anatomy and scan mode [31]. 
With optimized settings generated for the specific patient, the doses 
to organs-at-risk could be reduced by 50-80% in comparison to the 
non-optimized settings, which could help increase the awareness 
about the safe and appropriate applications of medical imaging in the 
clinic [8-9]. With the increasing use of CT and CBCT in the diagnosis 
and image-guidance for radiation therapy, utilization of imaging 
procedures justified by medical need should become a standard of 
care for all the patients.

2. Educate the clinicians as well as the general public on the latest 
imaging technologies. Modern imaging modalities often produce 
different types of exposure information for quality control purposes, 
yet this information does not typically reflect the actual dose received 
by a particular patient. Thus, to obtain the organ-specific absorbed 
doses or the whole-body effective doses, a patient-specific multi-
modality dose tracking mechanism would be required to convert 
the reported exposure metrics into patient-specific organ dose in a 
spatial-temporal fashion [31-34]. The aforementioned CT Gently 

iPhone App is such a tool that can be used to generate patient-specific 
organ dose directly based on scan settings and scan mode [31]. 
With 4D CT/MRI imaging and 4D non-uniform rational b-splines 
(NURBS) algorithm, a dynamic patient phantom can be developed 
to model the cardiac and respiratory motions and to study their 
effects on medical imaging [32-34]. As such, an accurate estimation 
of organ doses will be made possible with such a 4D dose tracking 
mechanism in place, which could potentially contribute to a better 
tumor control for the cancer patients due to dynamic account of 
patient dose distributions not only spatially but also temporally. This 
would be most efficient if implemented in the modern Electronic 
Medical Record (EMR) system. As different imaging modalities 
produce different amount of radiation exposure to various organs-at-
risk, a comprehensive analysis of the imaging dose and dose patterns 
could provide further insight into the efficacy and the benefit-to-risk 
ratio of the imaging procedures in the radiotherapeutic management 
of cancers [35]. Through the education of the clinicians, informed 
decisions on imaging procedures and radiation treatments can be 
made based on detailed knowledge of cumulative doses from various 
imaging modalities to various organs of individual patient.

Conclusion
Over-utilization of modern imaging procedures in radiotherapy 

could inflict a large amount of excessive imaging doses to the cancer 
patients whose organs are already burdened with direct and indirect 
exposure from radiation treatments. Educating the clinicians and 
empowering them with efficient tools to reduce imaging procedures 
could help create the most optimal practice environment to minimize 
radiation exposure and improve the quality of care in the long battle 
against the cancers with radiotherapy.
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