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The Digital Imaging and Communications in Medicine (DICOM)
standard is now widely implemented in radiology as the standard for
diagnostic imaging. It has also been extended for use in various sub-
specialties. One of the first extensions was applied to radiation therapy
and is known as DICOM-RT. In addition to the protocol used in the
DICOM standard, seven DICOM-RT objects—namely, RT Image,
RT Structure Set, RT Plan, RT Dose, RT Beams Treatment Record,
RT Brachy Treatment Record, and RT Treatment Summary Record—
have been created, each with a well-defined data model. The data
models set the standard for integration of radiation therapy informa-
tion for an electronic patient record and would facilitate the interoper-
ability of different radiation therapy systems, thus making possible the
sharing of information from different systems.
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Abbreviations: CTV = clinical target volume, DICOM = Digital Imaging and Communications in Medicine, DRR = digitally reconstructed radio-
graph, ePR = electronic patient record, IHE = Integrating the Healthcare Enterprise, OAR = organ at risk, PACS = picture archiving and communi-
cation system, PTV = planning target volume, ROI = region of interest, TPS = treatment planning system
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Introduction
The Digital Imaging and Communications in
Medicine (DICOM) standard is used for transmis-
sion of medical images. Its predecessor, the ACR-
NEMA (American College of Radiology—National
Electrical Manufacturers Association) standard,
was published in 1982, followed by a second ver-
sion, ACR-NEMA 2.0, in 1988 (1-3), neither of
which addressed computer networking issues. A
major revision named DICOM that incorporated
the existing network standard was introduced in
1992, specifying standards for digital imaging
systems in medicine for information handling and
transmission. For details regarding the DICOM
standard, readers are referred to the technical and
nontechnical introduction to DICOM in two pre-
vious articles published in this journal (1,2).

DICOM is the cornerstone of the successful
implementation of picture archiving and com-
munication systems (PACS) in radiology, allowing
communication between equipment from different
vendors. In recent years, the DICOM standard has
been extended to incorporate many medical spe-
cialties such as radiation therapy (4,5), cardiology
(6,7), pathology (8,9), and ophthalmology (10,11)
and allow the viewing of images together with
specialty-specific information. Because radiation
therapy is image intensive, it was the first specialty
to be incorporated into the DICOM standard after
radiology, with the creation of four DICOM-RT
objects in 1997 (4) and three more in 1999 (5).

In 2006, two additional objects were defined for
ion therapy (12). Because this article is intended
to serve as an introduction to the DICOM-RT
standard, only the first seven objects for radiation
therapy will be described.

For communication of radiation therapy data,
the transfer protocol will largely follow the stan-
dard used in DICOM for communication of
medical images, which will not be revisited in this
article. It is the unique information in radiation
therapy such as text, graphs, and isodose lines
and their superimposition on medical images
that gives rise to the creation of specific radiation
therapy information object definitions and their
attributes. In this article, we describe the work
flow in radiation therapy compared with that in
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Figure 1. Chart illustrates the impact of a PACS on
clinical work flow in a radiology department. Step 1,
patient arrives at hospital; step 2, patient registers with
hospital information system; step 3, examination is
ordered at radiology information system; step 4, tech-
nologist receives information from clerk; step 5, patient
is escorted into modality room; step 6, technologist
performs examination; step 7, examination is com-
pleted; step 8, clerk pulls out old films; step 9, clerk
prepares all necessary papers and films for radiologist;
step 10, films are hung up for radiologist’s review; step
11, radiologist reviews films, reads examinations, and
dictates reports; step 12, transcriptionist types draft
report from the dictation; step 13, radiologist reviews
and signs off on report; step 14, final reports are input
into radiology information system for clinical viewing.
With the implementation of a PACS, steps 4, 8-10, 12,
and 14 can be eliminated, making work flow more ef-
ficient. (Modified, with permission, from reference 3.)

radiology and the DICOM-RT objects that are
generated in the radiation therapy work flow. In
addition, we discuss and illustrate the utilization
of DICOM-RT in a sample case of prostate can-
cer and discuss the need to integrate radiation
therapy information with use of DICOM-RT.

Radiology Work
Flow versus Radia-
tion Therapy Work Flow

Radiology Work Flow

The DICOM-RT objects are extensions of the
DICOM standard, which, as mentioned ear-
lier, was first implemented for use in radiology.
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Figure 2. Chart illustrates cancer treatment work

flow. Note that in some cases, the patient can receive
both chemotherapy and radiation therapy as part of
treatment. Whichever radiation therapy modality is
chosen, the work flow involves treatment planning and
delivery. HIS = hospital information system.

Reviewing the work flow in radiology before
discussing the work flow in radiation therapy will
help readers understand the similarities and dif-
ferences between the information requirements of
these two specialties in medicine.

Steps 1-14 in Figure 1 depict film-based radi-
ology work flow without a PACS. With the imple-
mentation of digital radiography and a PACS, the
work flow is greatly simplified. After the patient
arrives at the hospital (step 1) and is registered
with the hospital information system (step 2)
and radiology information system (step 3), his or
her personal information and the request for ex-
amination will be transmitted to the appropriate
modality (step 5), saving the technologists from
having to obtain the patient information from the
reception counter (step 4). When the examination
is performed (step 6), an image is generated (step
7). This image, together with any previous im-
ages, will be sent by the PACS to the workstation
for reading by the radiologist (step 11), thereby
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saving steps 8—10. The prefetching of previous
images by clerical staff is no longer required, and
preparatory work for image reading is reduced.
The radiologist can easily use some templates or
a structured report at the reading workstation to
type out the imaging findings (step 13), thereby
saving steps 12 and 14.

In addition to saving both time and manpower
in searching for old films and preparing reports,
the implementation of digital radiography and a
PACS allows integration of images from differ-
ent modalities and vendors under the patient’s
unique identifier. These images can easily be re-
trieved without fear of losing data or film.

Radiation Therapy Work Flow

Radiation therapy consists of three modalities:
external beam therapy, nuclear medicine, and
brachytherapy. Upon being referred by a general
physician for consultation, the patient is sched-
uled for an appointment. On the appointed day,
the patient registers at the oncology department.
The radiation oncologist sees the patient and
determines the most appropriate modality for the
patient on the basis of prior investigation results
and treatment protocol. In general, radiation
therapy entails treatment planning and delivery.
Thus, when the oncologist decides that the pa-
tient should proceed with radiation therapy, the
patient will be scheduled for treatment planning
before undergoing treatment.

External beam therapy accounts for over 90%
of the workload in a radiation therapy depart-
ment. Brachytherapy often plays a supplemen-
tary role and is often used in the treatment of
gynecologic cancers. Nuclear medicine has be-
come independent of radiation therapy in many
hospitals. Thus, for the sake of simplicity, only
the work flow of external beam therapy will be
considered. Figure 2 provides a brief overview
of patient treatment in a radiation oncology de-
partment once the type of treatment has been
determined. In some cases, the patient may receive
both chemotherapy and radiation therapy. Figure
3 shows the general procedures involved in the
planning and delivery of external beam therapy
in a specific clinical case of prostate cancer.
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Note how different radiation therapy data are
generated within the work flow. The data are
categorized and “contained” in the various
DICOM-RT objects as defined by the DICOM
standard (Fig 3).

Treatment Planning (Steps 1-5).—The goal
of treatment planning is to deliver the highest and
most uniform radiation dose possible to the tu-
mor-bearing site but the smallest dose possible to
the surrounding healthy tissue, especially critical
and radiosensitive structures (the urinary bladder
and rectum in cases of prostate cancer).

Information from medical images is crucial
to the radiation therapy planning process. The
process starts with the localization of the prostate
tumor volume. For this purpose, the oncologist
will order a CT study of the pelvis, performed on
either the CT simulator or a CT scanner. The pa-
tient’s information is delivered to the CT simula-
tor room, where the radiation therapist positions
the patient for scanning. The pelvic CT scans are
generated as DICOM images and stored either
in a PACS or in the workstation there (step 1).
The CT scans are then transferred to a computer
treatment planning system (TPS) (step 2) for
radiation field planning. Previous diagnostic im-
ages, CT scans, magnetic resonance (MR) im-
ages, or positron emission tomographic (PET)
scans may also be retrieved to aid in the delinea-
tion of tumor volume.

At the TPS workstation, the tumor volume
and the organs at risk (OARSs) (urinary bladder
and rectum) are delineated. Treatment fields of
appropriate size and optimal gantry or collimator
angles are determined. The TPS will compute the
radiation dose distribution within the body region
to be treated (step 2). Determining the best ra-
diation therapy plan requires a clinical judgment
based on the balance between adequate target
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Figure 3. Chart illustrates radiation therapy work

flow. Yellow boxes indicate the DICOM-RT objects
that could be generated within the work flow. A radia-
tion therapy treatment plan (step 2) with radiation
dose distribution involves the superposition of the
radiation therapy objects RT Plan, RT Structure Set,
and RT Dose on the corresponding set of DICOM
computed tomographic (CT) scans according to the
coordinates in the DICOM-RT standard. Because the
work flow is for external beam therapy, the RT Brachy
Treatment Record information object is not shown.
DRR = digitally reconstructed radiograph, DVH =
dose-volume histogram.

volume coverage and sparing of OARs. Each plan
should be evaluated carefully with use of dose-
volume histograms and planar dose distributions.
Although they do not provide spatial information,
dose-volume histograms provide a global view

as to whether the resultant plan meets the dose-
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volume criteria. A detailed slice-by-slice analysis
of isodose distribution is crucial for examining
target volume coverage and identifying the exact
location of “hot” and “cold” spots with respect
to radiation dose. When the OARs overlap with
or are in proximity to the target volume, the dose
is often limited by ranking the OARs in terms of
relative importance.

Images similar to projectional images can be re-
constructed from the CT scans to show the treat-
ment field positions and are called digitally recon-
structed radiographs (DRRs) (step 3). A DRR, or
simulator image obtained for treatment planning,
will serve as the reference image for treatment
verification later. The finished plan is presented to
the radiation oncologist for evaluation and approv-
al. If the plan is found satisfactory, the oncologist
prescribes the treatment (step 4) on the radiation
therapy prescription sheet. A treatment record
with all treatment details is prepared with the pre-
scription. Treatment sessions are scheduled in the
treatment information system (step 5) and trans-
ferred to the radiation treatment unit or linear ac-
celerator, either through the department network
or by manual paper delivery.

Treatment Delivery (Steps 6—12).—Before the
actual radiation treatment commences, the accu-
racy of the treatment plan in terms of field sizes,
setup, shielding positions, and so on needs to be
verified at the linear accelerator. For such verifi-
cation, a portal image is obtained at the linear ac-
celerator (step 6), either as a film image or (with
an electronic portal imaging device installed in
the linear accelerator) as a digital portal image.
The image is then compared with the reference
DRR or simulator image. When the irradiated
portal aligns correctly with the portal on the ref-
erence images, the oncologist will approve the
verification. Radiation treatment can then pro-
ceed (step 7). Otherwise, a repeat portal image
may be requested. Normally, the patient will be
treated five times a week for 7-8 weeks. At each
treatment session, each of the treatment beams
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will be recorded, as well as the radiation dose and
the cumulative dose to date (step 8).

During the course of treatment, weekly veri-
fication images are acquired to ensure accuracy.
The oncologist will also review the patient’s prog-
ress and prescribe whatever medicine is required.
Upon being completed, the patient’s course of
treatment will be summarized and filed. A follow-
up appointment will usually be made with the
patient for review purposes.

Comparison of Work Flow

Radiology mainly involves the generation of medi-
cal images and reporting of the diagnosis, whereas
in radiation therapy, the images are used for treat-
ment planning and specific kinds of images are
generated for treatment verification. In radiology,
the procedure is considered complete as soon

as the imaging findings have been reported, but
this is only the beginning for radiation therapy.
Treatment planning and delivery, consultation,
and follow-up are additional procedures in radia-
tion therapy that generate information quite dif-
ferent from that in radiology. Table 1 compares
radiology and radiation therapy in terms of the
nature of the work involved and the requirements
for information integration. In contrast to the
radiology work flow, in which the data are mostly
images and are generated together, the radiation
therapy work flow entails additional imaging and
informatics data that are generated over an ex-
tended period of time due to the many more steps
involved. Although its framework looks similar in
many areas, the DICOM information object is
different. In radiology, the same DICOM image
object information entity is deployed to accommo-
date the different modules of attributes. In radia-
tion therapy, there are different objects to group
the different types of information (Table 2).
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8 Table 1
E Requirements for Information Integration in Radiology versus Radiation Therapy
%. Radiology Radiation Therapy
| -l Imaging informatics based: image and informatics Imaging informatics based: image and informatics
w data for diagnosis, historical studies for diagnosis, data for treatment, historical plans for treatment
O computer-aided detection/diagnosis or decision planning, quantified knowledge or decision support
,'-5 support during diagnosis during course of treatment
Modalities: radiography, computed radiography, CT, Modalities: external beam therapy, brachytherapy, ion
g MR imaging, ultrasonography, PET, and so on therapy
Standards: DICOM, HL7, IHE Work Flow Profiles Standards: DICOM-RT, DICOM, HL7, IHE Work
Flow Profiles
Key imaging and informatics data objects: DICOM Key imaging and informatics data objects: DICOM
Image, DICOM-SR, other reports Image, DICOM-RT objects, DICOM-SR, other
reports
Customers: patient, referring physician, radiologists Customers: patient, referring physician, radiation
oncologists
System integration necessary for improved work flow  System integration necessary for improved work flow
Solution: PACS Solution: DICOM-RT electronic patient record

(ePR) system

Note.—Data generated within the radiation therapy clinical work flow contain additional imaging and infor-
matics data that are crucial for the work flow, which necessitates the DICOM-RT standard as well as an ePR
system. HLL7 = Health Level 7, IHE = Integrating the Healthcare Enterprise, SR = structured report.

Table 2

Image Object versus an RT Object IOD Module

Information Entity of Module* Information Entity of Module*

DICOM Image Object (MR Imaging) DICOM-RT Object (RT Structure Set)

Patient Patient Patient Patient

Study General Study Study General Study

Series General Series Series RT Series

Frame of Reference Frame of Reference

Equipment General Equipment Equipment General Equipment

Image General Image, Imaging Structure Set Structure Set, ROI Contour,
Plane, Image Pixel, MR RT ROI Observations,
Image, SOP Common (13) SOP Common (13)

*Only mandatory modules are listed. A module groups related information together. For example, the Patient
module contains attributes related to the patient, such as Patient’s Name, Patient ID, Patient’s Birth Date, Pa-
tient’s Sex, and so on. The modules for the image Information Entity depend on the modality concerned. In this
table, the modality of interest is MR imaging; thus, in addition to the General Image module, Information Entity
has a specific MR Image module and other related modules. Structure Set is one of the DICOM-RT objects

and includes Structure Set, ROI Contour, and RT ROI Observations as its specific modules. IOD = information
object definition, ROI = region of interest, SOP = service-object pair.

DICOM-RT Obijects require different categorization. On the basis
There are significant differences ]in the types of of the standard DICOM query-retrieve model, Teac.h ing
g P the radiation therapy information is defined in Point

Teaching| information required for radiology and radia-
Point tion therapy as well as differences in the time at
which and frequency with which the information

is obtained. The different types of information

seven information objects known as DICOM-RT
objects for the transfer of data (10,11,13). These
information objects include RT Structure Set, RT
Plan, RT Dose, RT Image, and RT Treatment
Record, which is further divided into RT Beams
Treatment Record, RT Brachy Treatment Record,
and RT Treatment Summary Record. Figure 4
shows these objects, how they are extensions of
the DICOM model in radiology, and how they
relate to each other and to the image object in
radiology. The information in the DICOM-RT
objects is described in the following paragraphs
and illustrated in Figures 5-9.
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Figure 4. Chart illustrates

Image DICOM-RT objects as an extension

of the DICOM standard. Note that

RT Plan, which contains all RT-

v related information, is an important

[ RT Image ] [ . RT snuuure] [ o ] RT Treatment ob]ect. th.at is needed from.the start
of radiation therapy planning to the

TL 5 % J TI T T ]‘ completion of treatment and is thus

related to all other objects.

7}
DICOM
ﬁ ||1'|age| Patient I
% Visit
\ DICOM-RT Extension
5 Study
% Series Study

Figure 5. CT scan with super-
imposed color coding shows an
RT Structure Set, which includes
tumor volume (outlined in red),
OARs (femoral heads [green and
pink], rectum [purple], bladder
[blue]), and body contour.

Dose Prescription
RT to IMRT: Give 2 Gy/fr, 5 fr/wk at 100% I.L. to 76 Gy in 38 fr. and stop.
Fields
LA Energy 1D X1 X2 Y1 Y2 SSD | Gantry | Coll | Table | Weight | MU
LA2 6X Fieldl | +5.8 | +63 | +45 | +2.5 | 90.1 180 ° 0° 0° 1.0 80
LA2 6X Field2 | +53 | +5.5 | +4.5 +2.5 85.2 110° 0° 0° 1.0 75
LA2 6X Field3 | +4.5 | +53 | +4.5 [ +2.5 82.8 85° 0° 0° 1.0 76
a.

Figure 6. RT Plan. (a) Chart
illustrates an RT Plan. Coll = colli-
mator rotation, fr = fraction, ID =
identification, I. L. = isodose level,
IMRT = intensity-modulated ra-
diation therapy, LA = linear accel-
erator, MU = monitor unit, RT =
radiation therapy, SSD = source-
skin distance, X and Y = collima-
tor leaves in the x and y directions.
(b) Information from RT Plan
superimposed on RT Structure
Set and a CT scan. Nine radiation
beams (attribute of RT Plan) are
each indicated by a red label and
three yellow lines.




662 May-June 2009 radiographics.rsnajnls.org

RadioGraphics

a.

Cumulative Dose Volume Histogram
Relative dose [%)]
B!

000 34.722 9.444 104.16
1 — = =
e i i O i \
I B 5, \
Iy 80 |
E RNAN 1
% N 3\ |
= A AW |
@ &0 AN |
= AN
S N N
= AN N
"2 40 \
-} N
2 R
s ‘\\ \\
2 20 —~ \
m
@« LY &
A e
0 A | P \
2500 5000 7500
Dose [cGy]

Struchme Plan Plan Status. Course  Co Vehime MinDose Max Dose Mean Dose  Modal Dese  Median Dose Sud Dev

FECTUM TREATMENT (TREATMENTTEEment ApprovediMRT 100,07 1000 H34 jome] 001 BcGy  T517.1cGy  W121cGy 21000cGy 3103.1cGy 18T10¢c0y

RT FEMORAL HEAD (TRE 1000/1000  652jomf]  9832cGy S1579¢Gy 3B118cGy 4TBBCGy 3WAcGy 8791 cGy

LT FEMORAL HEAD m 100.0/ 100.0 E7.0 jom®] SIB4cGy S28TS5cGy M55.1¢Gy 46800cCy 3MT53cGy 10807 cGy

BLADCER (TRE 1000/1000  918jom']  16396cGy BOTI2¢Gy B614AcGy T408BcGy SWOBCGYy 17698 Gy

T8 TREATMENT (TREATMENTreatment IMAT 1000/ 100.0 118.7 [emr] DI AcOy BT 2oy TOS0EcOy TOSE0cGYy TESSEcEy TEScOy

Figure 7. RT Dose. (a) CT scan with superimposed color coding shows radiation dose
data from a TPS. Isodose curves are shown in yellow, pink, green, magenta, and blue. Red
shaded area indicates tumor volume (RT Structure Set). (b) A dose-volume histogram
(which also belongs to the RT Dose object) is used for evaluation of a treatment plan. Such
evaluation is key in determining whether a proper radiation dose is being applied to the tar-
get tumor while limiting the dose to surrounding critical healthy tissue and organs. Red line
indicates that most of the tumor volume is receiving over 7500 cGy of radiation. Orange,
green, magenta, and yellow lines show the dose received by the rectum, right femoral head,
left femoral head, and bladder, respectively (OARs). Max = maximum, Min = minimum,
Std Dev = standard deviation.

RT Structure Set

The RT Structure Set information object (Fig

5) defines a set of areas of significance in ra-
diation therapy, such as body contours, tumor
volumes (eg, gross target volume, clinical target
volume [CTV], planning target volume [PTV]),
OARs, and other ROIs. The target volumes are
defined in accordance with the guidelines in
International Commission on Radiation Units and
Measurements Reports 50 and 62. The gross tar-
get volume is essentially the gross palpable, visible,

or clinically demonstrable extent and location of a
tumor. The CTV contains the demonstrable gross
target volume plus a margin for subclinical disease
spread, which cannot be fully imaged. The PTV

is a geometric concept designed to ensure actual
delivery of radiation therapy dose to the CTV and
contains the CTV plus a margin to take into ac-
count uncertainties due to internal organ motion,
patient motion, and setup error. In cases of pros-
tate cancer, the target volume is the prostate gland
and any periglandular cancerous areas. The OARs
are the urinary bladder, the rectum, and the femo-
ral heads. Each structure will be associated with
a frame of reference, with or without reference to
the diagnostic images.
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Figure 8. RT Image. Projectional simulator image (a),
DRR from a CT scan (b), and portal image acquired at a
linear accelerator (c¢) show the field to be irradiated and
are examples of images “acquired or calculated using con-
ical geometry” (13). Multileaf collimators are seen on the
DRR (blue lines in b) and are an attribute of RT Image.
Portal images verify the accuracy of the placement of the
treatment portal; oftentimes only the irradiated portal will
be exposed. Portal images should be compared with refer-
ence images from the simulator or with the DRRs.

Field 1 2 3 4 5 6
edge 3RWE0 3RW45 4RW45 4RW45 4RW45
Date\MU 128 94 187 47 47 75
2004/06/26 128 94 187 47 47 75
2004/06/27 128 94 187 47 47 75
2004/06/29 128 94 187 47 47 75
2004/07/02 128 94 187 47 47 75
2004/07/03 128 94 187 47 47 75
2004/07/04 128 94 187 47 47 75
2004/07/05 128 94 187 47 47 75
2004/08/10
2004/08/11
2004/08/12
2004/08/13
2004/08/14

15
15
15
15
15
15
15
15

8 9 10 1 12 13 14 15

3RW30 1vW15 3RW45

166 30 15 15 128 67 20 104

166 30 15 15

166 30 15 15

166 30 15 15

166 30 15 15

166 30 15 15

166 30 15 15

166 30 15 15
128 67 20 104
128 67 20 104
128 67 20 104
128 67 20 104
128 67 20 104

Figure 9. An RT Beams Treatment Record is used to record the dose (in monitor units /MU]) delivered to
each of the radiation fields (top row) at each treatment session (dates shown in first column). The last four col-
umns (radiation fields 12—15) show a second phase of treatment involving only four radiation fields.

RT Plan

As explained earlier, treatment planning is a
process for determining the best placement of
the radiation beam for optimal dose distribu-
tion. The procedure involves localization of the
tumor and OARs, as well as the design (in terms

of position and size) of radiation beams and their
dose weighting with respect to the PTV and
OARs. A clinical treatment plan may include all
of the structures marked on the CT scan, the
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Figure 10. Chart illustrates the
seven DICOM-RT objects and
their associated modules. Note that
the various radiation therapy data
generated during the clinical work
flow are distributed over the seven
objects. DVH = dose-volume histo-
gram, LUT = look-up table, VOI =
volume of interest. Understanding
how to extract key information from
each of the DICOM-RT modules is
crucial. The properties or attributes
of each module are described in de-
tail in reference 13. \j

Modules for each RT Object

VOI LUT

5.
il

beam positions and sizes, and the dose distribu-
tion displayed on the image. In the DICOM-RT
standard, information about the structures of
interest is contained in RT Structure Set and
dose distribution in RT Dose, which requires the
coordinates for placing their positions in relation
to each other. Thus, the RT Plan object refers
only to the textual information in treatment
plans, whether generated manually or by a TPS.
Such information includes treatment beams, frac-
tionation scheme, prescription, accessories used,
and patient setup in external beam therapy or
brachytherapy (Fig 6a). In Figure 6b, information
from RT Plan is superimposed on RT Structure
Set and a CT scan to create a graphical presenta-
tion for better visualization.

RT Dose

The distribution of radiation dose for a treatment
is represented by isodose lines expressed as a per-
centage or in dose units (grays). The isodose lines
can be displayed in relation to the tumor volume
and OARs and superimposed on images. RT Dose
contains such radiation dose data from TPSs. It al-

Overlay
(=)(=)
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]
Q

BEE
=EE
=B
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ROI Contour

lows the transmission of “a 3D [three-dimension-
al] array of dose data as a set of 2D [two-dimen-
sional] dose planes that may or may not be related
to the CT or MR imaging planes” (Fig 7) (13).

RT Image

Although RT Image has in common some of

the framework used for radiology images in the
DICOM standard (Table 2), it specifies the at-
tributes of those images that are “acquired or
calculated using conical geometry” (13) in radia-
tion therapy. Such images include projectional
simulator images (Fig 8a), DRRs generated from
CT scans by aTPS (Fig 8b), and portal images
acquired at linear accelerators (Fig 8c). Note that
CT images generated with CT simulators are
considered to be ordinary CT scans. In contrast
to a DICOM image object, RT Image includes
not only image information, but also the presen-
tation of the image (ie, position, plane, and orien-
tation of image; distance from radiation machine
source to imaging plane). If necessary, RT Image
will include the table position, isocenter position,
and patient position, and the type of device used
to limit the radiation therapy beam (eg, multileaf
jaw pairs) (Fig 8b).

Teaching
Point
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Table 3
RT Structure Set IOD Module
Entity Module Usage*
Patient Patient M
Clinical Trial Subject U
Study General Study M
Patient Study U
Clinical Trial Study U
Series RT Series M
Clinical Trial Series U
Frame of Frame of Reference U
Reference
Equipment General Equipment M
RT Structure  Structure Sett M
Set ROI Contourt M
RT ROI Observationst M
Approvalt U
SOP¥ Common M

Source.—Reference 13. IOD = information object
definition.

*C = conditional, M = mandatory, U = optional.
TModules specific to the RT Structure Set DI-
COM-RT object. All other modules are common
modules similar to those in other DICOM objects.
Service-object pair.

RT Treatment Record

The RT Treatment Record information object
(Fig 9) includes RT Beams Treatment Record,
RT Brachy Treatment Record, and RT Treatment
Summary Record.

RT Beams Treatment Record.—RT Beams
Treatment Record consists mainly of textual

data that constitute a treatment session report.
The information can be generated by a treatment
verification system during the course of external
beam therapy or gathered during treatment de-
livery. Such information includes machine used,
radiation type and energy used, date and time of
treatment, external beam details, treatment beam
accessories, treatment fraction details, monitor
units (dose), calculated dose, cumulative dose, ver-
ification image obtained, and treatment summary
(optional). Each treatment is represented as an in-
stance in an RT Beams Treatment Record object.

RT Brachy Treatment Record.—The RT
Brachy Treatment Record information object is
similar to RT Beams Treatment Record but con-
sists mainly of information acquired during the
course of brachytherapy, along with an optional
treatment summary.

Law and Liu 665

RT Treatment Summary Record.—The RT

Treatment Summary Record information object
summarizes cumulative information concerning
the radiation treatment, including both external
beam therapy and brachytherapy.

RT Object Modules

In the DICOM standard, each information object
contains modules of information related to the
object, including both modules that are common
to all modalities in radiology (eg, Patient, General
Study, General Equipment) and modules that
are specific to each imaging modality (eg, CT
Image module for CT, MR Image module for
MR imaging). In these modality-specific mod-
ules, the properties (also known as attributes)

of the images are specified. For example, the
MR Image module contains both attributes that
are found in other modalities (eg, Image Type,
Samples per Pixel) and attributes of its own (eg,
MR Acquisition Type, Magnetic Field Strength,
Repetition Time, Echo Time). In radiation ther-
apy objects, in addition to the common modules,
each object contains several associated modules.
Table 2 compares the modules in a DICOM
image object (MR imaging) with those in a
DICOM-RT object (RT Structure Set). Figure
10 shows the seven DICOM-RT objects and
their associated modules.

For example, RT Structure Set includes Struc-
ture Set, ROI Contour, RT ROI Observations,
and Approval modules as specific to the object
(Table 3).The Structure Set module provides a
framework for defining a set of areas of signifi-
cance, each of which is associated with a frame of
reference with or without reference to the images.
If the set of structures have reference to the im-
ages, they can be displayed as an overlay on an
image as in Figure 5, in which the tumor and the
OARs are the ROIs, each with a unique identifi-
cation number. In the ROI Contour module, the
ROIs are a single contour or a sequence of two or
more contours. These contours will be referenced
to the ROI identification number in the Structure
Set and to the CT images containing the con-
tours (Fig 5). The RT ROI Observations module
helps distinguish between individual instances
or classes of ROIs specified in the previous two
modules (Structure Set and ROI Contour)—for
example, PTV1 and PTV2. The Approval module
is a simple module that addresses the status of ap-
proval of the delineation of an important structure
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(eg, the PTV), a treatment plan, or a verification
image and shows the reviewer’s name and the date
of approval. The Approval module is also included
in the RT Image, RT Structure Set, and RT Plan
objects (Fig 10).

Information Encoding

All DICOM objects are composed of DICOM el-
ements (units of information). The DICOM stan-
dard defines the attributes of each module and
assigns names and data element tags to the attri-
butes. For example, the tag for Patient’s Name is
(0010,0010), and that for Patient ID (identifica-
tion) is (0010,0020).

During treatment planning, contours (an RT
Structure Set attribute) are drawn around the
ROIs (eg, bladder, rectum), which are OARs of
significance. A number with its respective name is
assigned to each ROI. The DICOM encoder will
insert the ROI (identification) number against
the element tag (3006,0022), the ROI name
against (3006,0026), the contour number against
(3006,0048), the contour image sequence against
(3006,0016), and so on. The contour image se-
quence introduces the sequence of images con-
taining the contour. Other attributes are similarly
encoded into their corresponding tags as defined
by the DICOM standard. With the encoded in-
formation and reference to the corresponding CT
scan, the structure sets can be reproduced on the
CT scan as shown in Figure 5.

Utilization of DICOM-
RT Objects in a Radiation

Therapy-based ePR System
In a radiation therapy department, often there
are different proprietary and stand-alone infor-
mation systems for single-purpose applications
(eg, a separate TPS for each of several treat-
ment modalities, such as external beam therapy,
brachytherapy, or stereotactic radiation therapy—
radiosurgery). Each system has its own “storage
area” for the plans performed at its workstation.
Oftentimes these systems are stand-alone sys-
tems and have only limited interface with other
systems. Typically, the treatment plans are stored
in the conventional TPS, with treatment records
stored in another information system. The treat-
ment information for a patient whose treatment

radiographics.rsnajnls.org

involves all three systems will be stored in three
different places. Currently, such treatment infor-
mation is normally “linked” by a paper record or
folder on the patient. The foregoing description
does not take into account the hard-copy film im-
ages that are stored separately in the film library,
a practice that is common in many radiation
therapy departments. Even so, if the paper record
is lost, the patient’s treatment information “dis-
integrates.” What is more disturbing is that treat-
ment plans from an old TPS cannot be retrieved
for review after a system upgrade. Basically, this
results in the treatment plans being “lost.”

The radiation therapy department needs a
“bridge” system to fill the gap, integrate all the
disparate data, and provide a “one-stop shop”
for historical treatment plans and key related
data. Ideally, information and records scattered
throughout the different systems could be inte-
grated and a live summary of the patient’s treatment
record could be displayed when required. Such an
endeavor would help save time and effort spent
in searching and minimize the loss of records and
films. However, interoperability between systems
from different manufacturers is an issue if there
is no standard or there is noncompliance with the
dedicated DICOM-RT standard. It could be ar-
gued that purchasing all equipment from a single
manufacturer would solve the problem. However,
the matter is not that simple. First, the department
would be “tied down” to one manufacturer and
would have to accept whatever service the manu-
facturer provides. This is not a healthy situation
from the user’s perspective. Second, when there is
a need for the exchange of radiation therapy pa-
tient records or for research collaboration between
institutions, the problem still exists.

The current trend in information technology
is toward ePRs, electronic medical records, or
electronic health records (14), in which all medi-
cal and health information about a patient is
organized under the patient’s name or identifica-
tion number. When a patient’s name is queried,
all reports and records are displayed without the
need to go into different systems. With the ma-
turity of the DICOM standard, PACS, and THE
(Integrating the Healthcare Enterprise) work flow
profiles, researchers and even manufacturers are
now working toward incorporating medical im-
ages (eg, radiologic, endoscopic, and microscopic
images) into the ePRs.
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Using the DICOM-RT standard and follow- ing

the model of the PACS makes integration of
radiation therapy information possible (15,16).
All radiation therapy information and images
from various sources can be converted to the
DICOM-RT standard and integrated into a
DICOM-based database. This information can
be displayed as a radiation therapy ePR. From
the database, connection to other radiation thera-
py systems and exchange of radiation therapy pa-
tient information are also possible with DICOM-
RT and a DICOM-based radiation therapy

ePR system. The collection of radiation therapy
information in the DICOM-RT objects will lead
to further initiatives in informatics research in
radiation therapy.

With the increasing popularity of proton beam
therapy, two more RT objects—namely, RT Ion
Plan and RT Ion Beams Treatment Record—
have been defined. The implementation of these
objects in a proton beam therapy system is be-
ing researched, and it is hoped that, with use of
the DICOM standard, information from proton
beam therapy can be integrated with that from
conventional radiation therapy.

Conclusions
In addition to being image intensive, radiation
therapy is highly technical, and its use of radia-
tion also involves radiobiologic factors. All of
these parameters have to be recorded for future
reference regarding the treatment of cancer pa-
tients with radiation therapy. Hence, along with
textual information, all related treatment plan-
ning information (including isodose lines, graphs,
and so on) and images need to go into a single
electronic folder on the patient.

Like the DICOM standard in radiology, the
DICOM-RT standard is ratified for integration,
archival, and sharing of information. Given the
small number of vendors and the rapidly develop-
ing technology in radiation therapy, the industry
tends to focus more on technologic development;
thus, the adoption of the DICOM-RT standard
is slow and incomplete in most cases. For objects
that have been implemented, a user interface
called “DICOM export/DICOM import” may
exist in some TPSs for the conversion of infor-
mation from a vendor-specific format to the
DICOM format. With manufacturers’ collabora-
tion, radiation therapy information can, like di-

Law and Liu 667

agnostic images, be linked to the ePR to produce
a complete radiation therapy patient record. The
DICOM-based radiation therapy database can
provide a platform for data sharing and for future
medical imaging informatics research and out-
come analysis of standardized data.
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There are significant differences in the types of information required for radiology and radiation
therapy as well as differences in the time at which and frequency with which the information is
obtained.
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On the basis of the standard DICOM query-retrieve model, the radiation therapy information is
defined in seven information objects known as DICOM-RT objects for the transfer of data
(10,11,13). These information objects include RT Structure Set, RT Plan, RT Dose, RT Image, and
RT Treatment Record, which is further divided into RT Beams Treatment Record, RT Brachy
Treatment Record, and RT Treatment Summary Record.
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Although RT Image has in common some of the framework used for radiology images in the DICOM
standard (Table 2), it specifies the attributes of those images that are “acquired or calculated using
conical geometry” (13) in radiation therapy. Such images include projectional simulator images (Fig
8a), DRRs generated from CT scans by a TPS (Fig 8b), and portal images acquired at linear
accelerators (Fig 8c).
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Using the DICOM-RT standard and following the model of the PACS makes integration of radiation
therapy information possible (15,16). All radiation therapy information and images from various
sources can be converted to the DICOM-RT standard and integrated into a DICOM-based database.
This information can be displayed as a radiation therapy ePR.

Page 667
The DICOM-based radiation therapy database can provide a platform for data sharing and for future
medical imaging informatics research and outcome analysis of standardized data.





