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Quantitative assessments on images are crucial to clinical decision 
making, especially in cancer patients, in whom measurements of le-
sions are tracked over time. However, the potential value of quanti-
tative approaches to imaging is impeded by the difficulty and time-
intensive nature of compiling this information from prior studies and 
reporting corresponding information on current studies. The authors 
believe that the quantitative imaging work flow can be automated by 
making temporal data computationally accessible. In this article, they 
demonstrate the utility of the Annotation and Image Markup stan-
dard in a World Wide Web–based application that was developed to 
automatically summarize prior and current quantitative imaging mea-
surements. The system calculates the Response Evaluation Criteria 
in Solid Tumors metric, along with several alternative indicators of 
cancer treatment response, by using the data stored in the annota-
tion files. The application also allows the user to overlay the recorded 
metrics on the original images for visual inspection. Clinical evalua-
tion of the system demonstrates its potential utility in accelerating the 
standard radiology work flow and in providing a means to evaluate 
alternative response metrics that are difficult to compute by hand. The 
system, which illustrates the utility of capturing quantitative informa-
tion in a standard format and linking it to the image from which it was 
derived, could enhance quantitative imaging in clinical practice with-
out adversely affecting the current work flow. 
©RSNA, 2012 • radiographics.rsna.org

1543INFORMATICS

Informatics in Radiology
Improving Clinical Work Flow through 
an AIM Database: A Sample Web-based 
Lesion Tracking Application1

Abbreviations:  AIM = Annotation and Image Markup, DICOM = Digital Imaging and Communications in Medicine, DICOM SR = DICOM Struc-
tured Reporting, ePAD = electronic physician annotation device, LTA = Lesion Tracking Application, PACS = picture archiving and communication 
system, RECIST = Response Evaluation Criteria in Solid Tumors, WADO = Web Access to DICOM Objects, XML = Extensible Markup Language 

RadioGraphics 2012; 32:1543–1552 • Published online 10.1148/rg.325115752 • Content Codes:   
1From the Departments of Radiology and Medicine, Stanford University School of Medicine, Richard M. Lucas Center, Stanford University, 1201 
Welch Rd, Room P285, Stanford, CA 94305 (A.C.A., D.L.R.); and Vanderbilt-Ingram Cancer Center and Department of Biomedical Informatics, 
Vanderbilt University, Nashville, Tenn (M.L.). Presented as an education exhibit at the 2011 RSNA Annual Meeting. Received October 6, 2011; 
revision requested November 21 and received February 16, 2012; accepted February 17. M.L. and  D.L.R. have disclosed various financial relation-
ships (see p 1551); the other author has no financial relationships to disclose. Address correspondence to D.L.R. (e-mail: dlrubin@stanford.edu).

Funding: The research was supported by the National Institutes of Health [grant number U01CA142555-01].

©RSNA, 2012



1544  September-October 2012	 radiographics.rsna.org

Introduction
The interpretation and reporting of quantitative 
radiologic imaging information is challenging 
because it requires the various measurements of 
disease obtained at prior studies to be amassed 
and reviewed, and the corresponding information 
about disease provided by the current study to 
be measured and reported. Such assessment of 
quantitative information is a crucial task in can-
cer patients for whom the radiologist’s reported 
information is the basis for applying treatment 
response criteria (1,2). However, this assessment 
is a time-consuming task for the radiologist, since 
it involves reviewing the reported abnormalities 
and their measurements from studies performed 
on multiple imaging dates. In the current high-
volume practice of radiology, it is difficult for the 
radiologist to perform this assessment thoroughly 
and completely.

The measurements made on images dur-
ing quantitative assessment by the radiologist 
are referred to as “image metadata” and are 
recorded by the picture archiving and com-
munication system (PACS) as annotations on 
the image. It would be helpful if an application 
could access metadata electronically to auto-
matically summarize the quantitative informa-
tion obtained at prior imaging studies, thereby 
eliminating the need for the radiologist to carry 
out this time-consuming task. Creating such an 
application would require standards for image 
metadata, since there are many different PACS 
vendors. Digital Imaging and Communications 
in Medicine (DICOM) provides a standard for 
the representation and communication of im-
age datasets. Recently, the DICOM committee 
developed a standard for image metadata, and 
a set of objects have been created under the 
DICOM Structured Reporting (DICOM SR) 
specification (3,4). At present, however, most 
commercial PACS do not capture or store image 
annotations in DICOM SR (5).

The Annotation and Image Markup (AIM) 
project was recently undertaken by the Cancer 
Biomedical Imaging Workspace of the National 
Cancer Institute to streamline the capture and 
use of image metadata in applications (6,7). The 
purpose of the AIM project was to address the 
challenge of representing and communicating 
quantitative imaging metadata in a manner that 
can be integrated into the radiology work flow. 
AIM specifies a common structure for the stor-
age of metadata in Extensible Markup Language 
(XML) format (8) and allows translation into 
the DICOM SR standard. It includes support 
for a wide spectrum of annotations and mea-
surements and maintains a record of the original 
image file’s unique DICOM identifiers, thereby 
ensuring that the metadata can be connected to 
their source image. Furthermore, AIM’s XML 
format makes it amenable to conversion into the 
Clinical Document Architecture, another type 
of XML document that is defined in the Health 
Level Seven standard for medical information 
exchange (9). Previous work has demonstrated 
that AIM functions well for the automated gen-
eration of reports, including those generated for 
temporal tracking (10).

Despite the availability of supporting stan-
dards and infrastructure such as AIM, DICOM 
SR, and previous studies showing the value 
of these standards, these technologies are not 
routinely used to capture quantitative imaging 
metadata or annotations. Instead, written reports 
remain the dominant vehicle for representing 
and communicating quantitative imaging results. 
However, a text-based reporting format thwarts 
automated summation or reporting of the results 
of quantitative imaging studies. In addition, ret-
rospective computation of alternative metrics of 
disease response (eg, based on area or volume of 
lesions) would be a difficult task requiring reas-
sessment of all images. Consequently, quantita-
tive imaging measurements and the treatment 
criteria for disease response are presently col-
lected and computed by hand. Not only is this 
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time consuming, it is also error prone; omitted 
or incorrect metadata are a known source of er-
ror in reporting the results of quantitative imag-
ing studies (11). Interpretation and reporting of 
quantitative imaging measurements is unpopular 
among radiologists (12), even though it is under-
stood to be a crucial activity among practitioners 
(13). Finally, efforts to define alternative disease 
response criteria have been unsuccessful due to 
the difficulty of collecting the necessary quantita-
tive imaging metadata, which are not recorded in 
machine-accessible format during routine radiol-
ogy interpretation work flow.

In this article, we describe our work, whose 
goal is to provide an automated means for 
radiologists to (a) review the results of prior 
imaging studies; (b) analyze quantitative imag-
ing results over time (helping them to evaluate 
disease response in particular), and (c) evaluate 
alternative quantitative disease response metrics. 
Our approach leverages the emerging AIM stan-
dard and an infrastructure for the management 
and analysis of image metadata. As we will dem-
onstrate, incorporating the management of im-

age metadata into the image interpretation work 
flow facilitates and streamlines the analysis of 
quantitative imaging data. These methods could 
lead to a new paradigm in radiology wherein the 
PACS could help radiologists access and use 
the quantitative imaging information for better 
interpretations, as well as access and view the 
images themselves.

Methods
The context of our work is the evaluation of dis-
ease response—specifically, that of cancer—with 
quantitative imaging criteria. To assess cancer 
treatment response in individual patients, the 
following five tasks are carried out by the radi-
ologist or oncologist: (a) review of images and 
labeling of a subset of the lesions to be measured 
(ie, target lesions); (b) measurement of the target 
lesions according to a metric to evaluate response 
(eg, diameter, area, or volume of lesions); (c)cal
culation of a “disease burden metric” based on 
the target lesion measurements; (d) summary 
of the disease burden metric over time (usually 
expressed as a graph); and (e) application of 
criteria to assess treatment response (generally 
as a category label, such as “stable disease” or 
“partial response”). The work flow for evaluat-
ing disease response with quantitative imaging 
criteria requires that these steps be carried out by 
hand because current PACS are not designed to 
store and compare quantitative imaging findings 
from serial imaging studies. Our system provides 
a solution that removes a significant calcula-
tion burden from the radiologist and oncologist, 
streamlining this work flow by automating all five 
of the aforementioned tasks.

Our system consists of a PACS workstation for 
managing the images, an AIM database for man-
aging the image metadata, and an image meta-
data analysis application that is specialized for the 
task of lesion tracking (Fig 1). The World Wide 
Web–based LTA accesses both the AIM database 

Figure 1.  Diagram illustrates the architecture of the 
Lesion Tracking Application (LTA) and its supporting 
components. A PACS stores and displays the acquired 
images. A radiologist uses semantic annotation software 
on the workstation to generate an AIM XML file con-
taining the image annotation metadata. The AIM files 
are stored in an XML database and made available for 
query and analysis by the LTA. The LTA retrieves in-
formation about lesions (eg, lesion name, location, and 
measurements) from the AIM XML database to pro-
duce lesion tracking summaries. In addition, the LTA 
accesses the corresponding annotated images in the 
PACS to display to the user, thereby streamlining the 
review of prior lesions and measurements.
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and the PACS. It uses the AIM database to per-
form automated assessment of disease response, 
summarizing the disease burden according to 
various quantitative imaging biomarkers (eg, di-
ameter, circumference, and area). The LTA uses 
the PACS to provide visual summaries of current 
and prior measurements of pathologic lesions as 
overlays on the original images.

Picture Archiving and  
Communication System
Our system assumes that the images are viewed 
and annotated on a workstation that supports 
AIM. At present, open-source implementations 
are available on the Osirix (14) and ClearCanvas 
(15) platforms; workstations from a number of 
vendors (eg, GE Medical Systems [16] and Sie-

mens [17]) are also beginning to support AIM. 
For this work, we used the electronic physician 
annotation device (ePAD, previously named 
iPAD) plug-in (18) with the Osirix platform to 
view and annotate images.

The AIM files produced during image an-
notation are stored in the AIM database; the im-
ages themselves are stored in the PACS. Osirix 
includes a PACS; however, we opted to store the 
images in a DCM4CHE database (19) so that our 
LTA could query the images using the Web Ac-
cess to DICOM Objects (WADO) protocol (20). 
DCM4CHE is an open-source clinical image and 
object management PACS implementation in Java 
that supports several healthcare communication 
standards (eg, Health Level Seven, WADO). If 
the commercial PACS supports WADO and there 
are no network firewall issues, it could be used to 
store and access the images, with no need to set 
up a separate PACS such as DCM4CHE.

Figure 2.  Screen shot of the ePAD software used to generate image annotations that de-
scribe identified lesions. The radiologist outlines a lesion on the image, and the software 
computes relevant metrics, including diameter and area. The software also records geomet-
ric coordinates for the lesion and prompts the radiologist to provide an identifier, anatomic 
location, and type (eg, target, nontarget, new) for each lesion. The program then saves this 
information in the AIM format. Our software operates on AIM and demonstrates the use-
fulness of storing these annotations in a database. ROI = region of interest.
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Image Data, Viewing, and Annotation
We used a set of computed tomographic (CT) 
examinations performed in a cancer patient with 
multiple pancreatic target lesions to develop and 
evaluate the system. The patient underwent CT 
of the abdomen and pelvis on three different 
dates during cancer treatment (baseline exami-
nation prior to treatment and two follow-up 
examinations after initiation of treatment). Pro-
tected health information was removed from the 
image dataset, and the work was approved by 
our institutional review board under an exemp-
tion for research involving human subjects.

The ePAD was used by a radiologist to an-
notate the measurable lesions on the images 
obtained at each study and to measure the di-
ameter of each target lesion (Fig 2). The tool 
prompted the radiologist to provide a name (eg, 
“L01”), anatomic location, and type (target, 
nontarget, new, or resolved) for each lesion. This 
annotation information, which was collected as 
part of the routine lesion viewing and measure-
ment work flow, provided all of the information 
required by the LTA tool to access the target le-
sion measurements, compute the disease burden 
metrics, and summarize the response assessment 
(see “Lesion Tracking Application”). Note that 
in AIM, the anatomic location is specified using 
a controlled term that is defined in a controlled 
terminology such as RadLex or SNOMED 
(Systematized Nomenclature of Medicine). The 
ePAD constrains the specification of anatomic 
locations entered by the user to a controlled ter-
minology. The LTA does not modify AIM docu-
ments created by the ePAD; thus, controlled 
terms from the annotation generation software 
(eg, ePAD) are maintained throughout the use 
of the LTA. The ePAD provided functionality to 
facilitate the annotation process, showing the ra-
diologist the annotations on prior examinations 
so as to streamline annotation and help make 
lesion reporting more complete.

The radiologist annotated lesions using the 
Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1 criteria (21,22), measuring all le-
sions ≥1 cm and reporting up to two lesions per 
organ. A total of three annotations were made in 
the patient (three pancreatic lesions). Thus, a to-
tal of nine AIM annotation files were produced: 
one for each of the target lesions imaged on 
each of three study dates. The annotation data 

that were output in AIM format by the ePAD 
were imported into the AIM XML database.

AIM XML Database
The LTA is capable of loading AIM XML files 
directly from the file system or from an XML 
database. The open-source BerkeleyDB XML 
database was used to test the latter functionality. 
A custom library was written to allow queries 
for specific values pertinent to the system, in-
cluding retrieval of the list of available studies 
and the following study-specific values: (a) im-
aging dates, (b) available metrics, (c) metric val-
ues, and (d) metric SI (Systéme International) 
units. The LTA stores the AIM data in a custom 
library that makes the original source (file sys-
tem or database) transparent to the user. This li-
brary provides access to retrieved values using a 
Java class inheritance hierarchy that mirrors that 
of the original AIM file. This inheritance makes 
the system extensible to other work flows out-
side of lesion tracking by providing a standard 
way to access arbitrary XML attributes through 
Java methods.

Lesion Tracking Application
We built the LTA to summarize the measure-
ments of lesions being tracked in quantitative 
imaging and to calculate the response criteria and 
temporal changes in disease response according 
to RECIST. The LTA was built using the Google 
Web Toolkit (23) and deployed as a Java servlet 
using Apache Tomcat (24). The LTA application 
consists of a Web-based graphical user interface 
and server-side functions. The server-side func-
tions execute operations requested by the graphi-
cal user interface, such as listing patients in the 
database, retrieving image metadata for a selected 
patient from the AIM database, querying the 
AIM files for metadata from a specific study, and 
retrieving the image files corresponding to image 
metadata from the PACS database. A custom li-
brary containing functions for extracting specific 
data from AIM files was also created.

The graphical user interface contains four sec-
tions: study selection, metric selection, response 
metric calculation linked to source images and 
annotations, and graphical display of the response 
metrics over time (Fig 3). The user first selects a 
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patient and the response metric desired for use in 
evaluating disease response. The system then cal-
culates the disease burden metrics, summarizes 
the target lesion measurements, and infers the 
response criteria. The tool also shows a response 
graph summarizing the disease burden over time, 
and allows the user to review the images with an 
overlay of the target lesion measurements for data 
audit and consistency checking (Fig 4).

In addition to displaying the originally as-
sessed diameter of the target lesion, the LTA cal-
culated alternative quantitative imaging biomark-
ers, including circumference, cross-sectional area, 
and mean density. The first two metrics were de-
rived by assuming a circular shape for the lesion 
and deducing the parameters from the diameter. 
The mean density of the target lesion was derived 
by using the coordinates of the circular region of 
interest derived from the diameter to localize the 
pixel values within this region of interest.

Figure 3.  (a) Screen shot of the LTA user interface, which includes a list of patients in the data-
base (deidentified for privacy) whose studies are available for review (top left), a list of disease bur-
den metrics that are available for assessment of disease response for the selected study (top right), 
and a table (middle left) that summarizes the target lesion measurements and calculation of the 
selected disease burden metrics. In addition, the image from which each measurement was derived 
with an overlay of the actual measurement is available by clicking on either an individual measure-
ment or the lesion identifier (which displays all the lesion measurements) (bottom left). The table 
also shows the category of response inferred by applying RECIST response criteria to the data. A 
graphical display of the selected metrics over time (middle right) facilitates assessment of disease 
response and comparison of alternative disease burden metrics of response. (b) Magnified views of 
the three images shown in a illustrate the progression of a pancreatic lesion (ID 0) (white line) from 
baseline (left) to first follow-up (middle) to second follow-up (right). Annotations made during the 
measurement of a target lesion are stored in the AIM XML database. The LTA overlays these annota-
tions on the original images. The images are retrieved from the DICOM PACS and rendered in the 
LTA; the annotations are rendered by the LTA on the basis of information in the AIM metadata file.
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Results
As with the PACS, the user selects, from a menu, 
the patient whose images are to be viewed. Once 
a patient is selected, the user can choose one or 
more metrics that were used to measure the tar-
get lesion (Fig 3). As in most studies, only one 
type of target lesion measurement was made in 
our study (ie, diameter); however, as mentioned 
earlier, our LTA can generate additional quanti-
tative imaging measurements, and these are also 
listed as alternative measurements that can be 
assessed. In fact, the user can select more than 
one type of measurement for comparison (eg, 
comparative assessment of maximum diameter 
and circumference [Fig 3a]). Selection of these 
metrics resulted in the generation of a response 
table and response graph.

The response table in the LTA is designed to 
look like the flow sheets oncologists use to sum-
marize and analyze lesion data in their patients. 
The table shows the name, anatomic location, 
and measurement values for each target lesion 
seen on each study date. In addition, the LTA 
calculates the metrics of total disease burden on 
each study date and the resulting response cate-
gory. Note that, although the system is capable of 
displaying a table for each metric selected, for the 
sake of clarity we display the measurement values 
for only the first metric when multiple metrics 
are selected. On the other hand, response catego-
ries are displayed for all selected metrics.

In our example, the user compared the target 
lesions in terms of diameter and circumference. 
Although both diameter and circumference indi-
cated whether disease was stable, only diameter 
showed an increase between the baseline ex-
amination and the first follow-up examination. 
This information is readily available from the 
response graph (Fig 3a).

When reviewing the measurements reported 
in the response table, the user may question the 
accuracy or appropriateness of specific measure-
ments. The LTA enables the user to quickly au-
dit any measurement by simply clicking on that 
measurement. The LTA queries the PACS for the 
original image and renders the measurement as 
an overlay on the image (Fig 3b).

Discussion
Tumor lesion tracking and assessment of tumor 
response to treatment are essential for cancer 
treatment decision making. The application of 
standardized cancer treatment response criteria 
such as RECIST can improve the consistency 
and reproducibility of assessments of treatment 
response and decrease practice variance. How-
ever, application of formal response criteria in 
everyday clinical practice is time consuming for 
both the radiologist and the oncologist. Lesion 
tracking and calculation of quantitative estimates 
of tumor burden and tumor response are espe-
cially time-intensive and potentially error-prone 
manual processes. Automated methods of cal-
culating and classifying response directly from 
imaging findings are needed to improve the speed 
and accuracy of generating these quantitative cal-
culations. Methods are also needed to assist the 
radiologist and oncologist in navigating to those 
images that determine the response classification 
for both efficient review of prior imaging studies 
and annotation of the current study.

We have developed an application for auto-
mating the process of tracking cancer lesions 
that has several advantages. First, our approach 
is implemented in a manner that is expected to 
minimally disrupt the current radiology work 

Figure 4.  Diagram illustrates user interaction for the LTA. The system relies on an AIM XML 
database and a WADO-enabled DICOM PACS database.
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flow: The radiologist continues using the im-
age viewing workstation in the same manner to 
which he or she is accustomed. The only change 
is that when radiologists take a measurement of 
a lesion by drawing an image annotation, they 
are prompted to give the lesion a name so as to 
identify it similarly to how it was identified on 
previous studies. Because the actual image an-
notations are the source of information for the 
LTA-generated lesion summaries and graphs, 
the lesions need to be named. In addition, the 
radiologist indicates the lesion location and type 
(eg, target lesion). Although these are additional 
steps that are not a part of current work flow, 
they do not require much time; thus, we believe 
they will have minimal impact on work flow, es-
pecially since the ability to review prior lesions 
more quickly than with the LTA-generated data 
will likely save time.

A second advantage of our approach is that 
the radiologist can rapidly navigate to the images 
on which a given lesion was previously measured. 
Clicking on the lesion name brings up all of the 
relevant images. The radiologist can then quickly 
navigate to the corresponding images from 
the current examination to make the required 
measurements of the same lesions. In addition, 
because the measurements are also displayed as 
overlays on the images, the radiologist is able to 
draw annotations similar to those on previous im-
ages (eg, by selecting the same long axis), thereby 
ensuring better consistency in measurements, the 
lack of which is a known problem in quantitative 
imaging (25).

A third advantage is that the oncologist is pro-
vided with a flow sheet and graphical summary of 
patient response, the generation of which entails 
no extra work for the radiologist or oncologist. 
At present, oncologists generate these documents 
by hand to extract the information they require 
from the radiology reports and annotated images. 
Using a tool such as the LTA could provide the 
oncologist with a report that is much more mean-
ingful than the current radiology text report.

Our work is greatly enhanced by the AIM 
metadata standard. AIM encodes the “seman-
tic” information about images: for example, the 
lesions they contain; coordinates of regions of 
interest (eg, lines that indicate lesion outlines or 
sizes); and measurements, pixel values, or other 
quantitative data related to the region of inter-
est (7,26). These image metadata in AIM are 
encoded using an XML syntax that facilitates the 
development of applications such as our LTA. At 
the same time, the AIM toolkit provides software 

to translate the AIM information into DICOM 
SR to enable interoperability. Compliance with 
such standards will allow sharing of image meta-
data without interconverting between proprietary 
formats. At present, however, because only a few 
commercial systems support DICOM SR, it is 
convenient to work directly with the AIM XML, 
whose file contents are self-describing.

A notable feature of our system architecture 
is the separation and linkage of images, image 
metadata, and the software applications that use 
these resources (Fig 1). The image metadata are 
collected in a file separate from the image itself 
and stored in the XML database. Applications 
such as the LTA query both the PACS and the 
XML database to implement their functionality. 
The advantages of this approach are that (a) the 
LTA (or some other future application function-
ality) can be built atop existing image viewing 
software; (b) the image metadata query is effi-
cient, since all information is stored in a dedicated 
database containing only image metadata; and 
(c) applications such as the LTA are not tightly 
linked to the imaging workstation environment; 
they can be Web based and can be accessed in 
many different environments, such as the oncol-
ogy clinic. In addition, although our application 
domain is tracking cancer lesions and assess-
ing cancer treatment response, our architecture 
(Fig 1) and LTA are generalizable and could be 
extended to aid in the assessment of treatment 
response of other diseases in the future. A quan-
titative imaging metric similar to that for assess-
ing cancer would need to be defined for tracking 
other types of disease.

Related work has been done in creating struc-
tured summaries of radiology reports or imaging 
information. Zimmerman et al (10) incorporated 
support for the AIM standard into a structured 
reporting work flow that allows quantitative data 
collected at an imaging workstation to be incor-
porated into the radiology report with minimal 
radiologist involvement. Their study focused on 
the incorporation of raw measurements into the 
radiology report (10), whereas our work focuses 
on the synthesis of the quantitative imaging infor-
mation, in terms of both (a) abstraction of target 
lesion measurements into a metric of disease 
burden, and (b) summarization of quantitative 
metrics from prior serial imaging studies with 
subsequent inference of disease response. In a 
related study, Iv et al (27) made direct transfer of 
raw data into a structured radiology report, al-
though their focus was on raw data from the im-
aging device, rather than image annotation data, 
and no additional processing (eg, computerized 
inference) was done.
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It has been established that both referring phy-
sicians and radiologists view structured reports 
as having better content and greater clarity than 
conventional narrative reports (28), although it has 
been contended that report clarity is not substan-
tially affected (29). However, both referring physi-
cians and radiologists prefer structured reporting 
over the unstructured narrative (30), despite the 
fact that structured reporting may be more time 
intensive. Furthermore, there are significant limi-
tations to current approaches for summarizing im-
aging findings in radiology reports (31). However, 
applications such as the LTA could streamline the 
generation of radiology reports for tracking disease 
by creating the summaries that at present must be 
dictated by hand, and could directly address the 
challenges of radiologist-oncologist communica-
tion and of using quantitative imaging results to 
guide patient care (31).

Our work has several limitations. First, we 
are assuming that the radiologist uses an AIM-
compliant workstation for image interpretation. 
In our study, we used Osirix. However, no Food 
and Drug Administration–approved workstations 
currently support AIM, although experimental 
implementations have been produced by several 
commercial vendors. The adoption of methods 
such as ours that leverage AIM will need to await 
the release of commercial workstations that sup-
port this image metadata standard. Commercial 
support of DICOM SR (which continues to be 
harmonized with AIM) will greatly accelerate the 
rate at which applications such as the LTA are 
put into practice.

A second limitation is that some alteration in 
the image annotation work flow is required to 
adopt our methods—or any method that leverages 
AIM, for that matter. Radiologists need to label 
the lesions that are measured and do so in a man-
ner consistent with previous studies. They also 
need to record lesion location and type. Labeling 
a lesion consistently between studies is a tractable 
requirement because annotation software such as 
the ePAD records lesion location automatically 
when a measurement is made and associates it 
with the lesion’s label. The radiologist may then 
recall a lesion’s label between studies by using the 
geometric coordinates stored in AIM.

These capabilities—annotation measurement 
and review—require an annotations interface 
such as the ePAD. Radiologists currently measure 
lesions at the workstation but do not provide the 
other information (name, location, and type) in 
the process of creating an annotation. Tools such 
as the ePAD facilitate this process by providing 
a simple on-screen form that pops up when an 
image annotation (such as a linear measurement) 

is made. Adoption of our methods will require 
commercial workstations to provide a similar 
simple interface to collect the basic information 
required by the LTA. In addition, radiologists 
may find it cumbersome to record this additional 
information as part of the work flow of measuring 
lesions. This process may be made less onerous 
if the information from the annotation is used to 
populate the reports automatically, saving the ra-
diologist time in generating the reports (10).

Finally, we have implemented only the quanti-
tative aspects of the RECIST response criteria in 
this pilot application. The RECIST criteria con-
tain both quantitative and qualitative assessments 
of changes in cancer lesions and tumor burden to 
infer a final classification of disease response to 
treatment. AIM is capable of capturing and rea-
soning through both quantitative and qualitative 
features of annotated lesions. We are currently 
conducting a comparative evaluation of RECIST 
cancer assessment with and without the ePAD. 
We intend to conduct an expanded formal analy-
sis of the LTA following further development and 
integration with the ePAD software.

Conclusions
We have developed a software architecture that 
provides an automated means for radiologists 
and referring physicians to facilitate their analysis 
of quantitative imaging results over time, helping 
them to evaluate cancer treatment response in 
particular and enabling them to evaluate alterna-
tive quantitative disease response metrics. Our 
approach leverages the AIM standard and an in-
frastructure for the management and analysis of 
image metadata. Our model couples a PACS im-
age database with an AIM annotations database, 
a combination that provides automated analysis 
calculations such as RECIST. We believe our 
model is extensible to other oncologic biomarkers 
(eg, standard uptake value at positron emission 
tomography, dynamic contrast-enhanced mag-
netic resonance imaging findings) for applications 
other than that of tracking cancer.
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Page 1544
It would be helpful if an application could access metadata electronically to automatically summarize 
the quantitative information obtained at prior imaging studies, thereby eliminating the need for the 
radiologist to carry out this time-consuming task.

Page 1544
Despite the availability of supporting standards and infrastructure such as AIM, DICOM SR, and previ-
ous studies showing the value of these standards, these technologies are not routinely used to capture 
quantitative imaging metadata or annotations. Instead, written reports remain the dominant vehicle for 
representing and communicating quantitative imaging results.

Page 1544
Consequently, quantitative imaging measurements and the treatment criteria for disease response are 
presently collected and computed by hand.

Page 1545
In this article, we describe our work, whose goal is to provide an automated means for radiologists to 
(a) review the results of prior imaging studies; (b) analyze quantitative imaging results over time (help-
ing them to evaluate disease response in particular), and (c) evaluate alternative quantitative disease 
response metrics.

Page 1551
We have developed a software architecture that provides an automated means for radiologists and refer-
ring physicians to facilitate their analysis of quantitative imaging results over time, helping them to evalu-
ate cancer treatment response in particular and enabling them to evaluate alternative quantitative disease 
response metrics.


