&1 The role of biomarkers in

thoracic imaging

Thoracic imaging plays an essential role in understanding and diagnosing chest disease. It has traditionally
relied on conventional anatomic and morphologic imaging, but as technology evolves, novel diagnostic
strategies have the potential to improve accuracy. This includes incorporation of biomarkers, which are
an objective measure of a biological or pathological process. Biomarkers can be used in multiple different
scenarios, and may complement current imaging studies, particularly in establishing a diagnosis,
determining prognosis or predicting response to therapy. However, it is important to develop and validate
clinically relevant biomarkers. This is a complex, multidisciplinary subject that requires knowledge of the
clinical problem, an understanding of the technology and pathology, and significant resources. Ultimately,
integration of biomarkers into patient evaluation must be cost effective and improve outcomes. This
article will describe the potential roles and limitations of biomarkers in thoracic diseases.
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Biomarkers are, in the broadest definition, objec-
tive indicators of a biological process. This term
has become fashionable in recent years, usually
pertaining to the molecular analysis of biologi-
cal specimens, but the underlying concept has
been used in radiology for decades. Traditional
anatomical and/or morphological features can be
considered as imaging biomarkers and are used
daily to characterize normal and pathological
processes. They are an integral part of thoracic
imaging. Descriptive findings on conventional
imaging studies, however, are not consistently
specific, as a spectrum of diseases may have a
similar radiographic appearance. In addition,
morphology does not always reflect current, or
predict future, biological behavior.

More recent efforts to identify novel imaging
biomarkers attempt to incorporate the molecular
and biochemical properties of a disease in order
to improve diagnostic accuracy. As molecular
mechanisms in thoracic pathology are eluci-
dated, more specific markers should translate into
advances in diagnostic capabilities. However,
the possibility of developing a wide variety of
novel biomarkers should not lead us to under-
value conventional anatomical and morphologi-
cal markers if used in the appropriate clinical
scenario. Rather, we envision that technological
improvements in conventional imaging, molecu-
lar imaging and analysis of specimen biomark-
ers could complement each other in a focused
diagnostic approach. This article describes the
role of biomarkers in thoracic imaging and
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summarizes the spectrum of markers used in
clinical medicine for diagnostic, prognostic and
predictive indications.

Biomarkers in the assessment of
disease, treatment & outcome
Biomarkers are employed for a variety of reasons
to provide diagnostic information. In the thorax,
they may be derived from noninvasive imaging
and/or from biological specimens, including
serum, sputum, pleural fluid, bronchoalveolar
lavage or tissue. For example, if pulmonary
embolism is suspected, serum D-dimer, a fibrin
breakdown product, may be assessed initially
bug, if positive, a contrast-enhanced thoracic CT
will usually be the next step. If pneumonia is sus-
pected, a chest radiograph will be performed, and
if an abnormality is seen then sputum cultures
and serum white blood cell count will be exam-
ined. If there is a concern for cancer, imaging will
guide tissue sampling that will be analyzed for
cytology, occasionally immunohistochemistry
and, more recently, genomic analysis [1.2].
While assessment of biological specimens is
common, acquiring samples requires varying
degrees of invasiveness. Invasive procedures are
expensive, may be unpleasant for patients and
are associated with some risk. Therefore non-
invasive procedures are almost always preferable,
providing they furnish the requisite diagnostic
information. The noninvasive nature of imag-
ing probably accounts for much of its popu-
larity. Imaging markers may be descriptive or

Imaging Med. (2010) 2(5), 575-581

ISSN 1755-5191

575



576

Auffermann, Washington, Gottlin & Patz

quantifiable. Thoracic imaging findings include
anatomic or morphologic features such as size
and regional distribution of an abnormality,
growth characteristics, degree of intravenous
contrast enhancement and extent of stenosis.
PET can provide metabolic information based
on the uptake of *¥F-2-fluoro-2-deoxy-p-glucose
(®F-FDQG). These ‘radiographic biomarkers” have
different roles in addressing clinical questions
and in providing specific diagnostic information.

Biomarkers are used in three fundamental
areas: establishing a diagnosis, determining
outcome (prognostic markers) and suggesting
response to a specific therapy (predictive mark-
ers). There are numerous areas of active investiga-
tion in radiology that pursue these goals, includ-
ing the development of new contrast agents for
CT or MRI, new techniques such as dual-energy
CT, new magnetic resonance pulse sequences and
imaging probes targeted at the molecular mech-
anisms of a disease. The usefulness and role of
these radiographic techniques need to be evalu-
ated in the appropriate patient population, before
the true clinical utility is known.

B Establishing a diagnosis
One of the more common reasons that imaging
is performed is to establish a diagnosis. Some
patients present with symptoms, others have inci-
dental radiographic findings that require further
investigation and some patients may undergo
screening procedures. In all of these scenarios,
characterization of a radiographic abnormality
will help refine a differential diagnosis so that the
appropriate next steps can be taken. Biomarkers
that can establish a diagnosis without an invasive
procedure are of tremendous patient benefit.

The optimum biomarker depends on the
biology and pathology of the disease. A basic
understanding of the disease process should
guide the diagnostic approach. A patient with a
diagnosis of cancer, a fundamental disease of the
genes, will require a different strategy and set of
markers than a patient who presents following
trauma, where there is the concern for an ana-
tomic abnormality. Patients who present with
chest pain typically require a different evalua-
tion depending on whether there is a suspicion
of myocardial ischemia, pulmonary embolism or
aortic dissection. While CT has been suggested
for this ‘triple rule-out’, additional biomarkers
may be needed to establish a specific etiology
for the patient’s symptoms.

But even within general disease categories,
the selection of the appropriate biomarker may
be important. For example, metastases of well

Imaging Med. (2010) 2(5)

differentiated thyroid cancers such as papillary
and follicular thyroid cancer retain the abil-
ity to concentrate iodine. Consequently, scans
with radioactive iodine may be used to diagnose
metastatic disease in patients with these tumors.
More poorly differentiated tumors often lose
their ability to concentrate iodine, and may
not be detectable with an iodine uptake scan,
but may be detected with other studies such as
BE-FDG PET imaging (3]. lodine and FDG
uptake are both biomarkers; which one proves
to be more informative depends on the nature
of the disease.

Another example of an ongoing diagnostic
dilemma is distinguishing a benign from malig-
nant pulmonary nodule. The current standard
of care for small nodules is to perform serial
imaging to assess for growth and/or stability.
This approach has a number of disadvantages
including the cost and radiation entailed in con-
tinued surveillance for patients without disease
and potential delays in diagnosis in patients with
malignancy. Another method that has been used
to characterize pulmonary nodules is FDG-PET
imaging. However, ®*F-FDG-PET imaging has
lower sensitivity for small nodules. The devel-
opment of new molecular imaging probes or
specimen biomarkers that could complement
conventional imaging studies in determining
whether a pulmonary nodule is benign or malig-
nant would have a significant impact on clinical
management [4].

B Prognostic & predictive biomarkers
The ultimate goal of radiology is not just to pro-
duce images, but to provide relevant information
for patient management. While establishing a
diagnosis is often the primary focus of radio-
graphic studies, prognostic information and
determining which patients will respond to a spe-
cific therapy are enormously important. These
areas have been more difficult to address with
imaging studies, and therefore have often fallen
outside the purview of radiologic interpretation.
Prognostic and predictive markers are difficult
to develop, and depending on the disease, they
are usually determined from laboratory analysis
of biological specimens.

One can appreciate the need for prognostic
and predictive markers in many clinical scenar-
ios. For example, if a spiculated mass in the lung
suggestive of lung cancer is detected by imag-
ing, a patient will typically undergo a biopsy,
traditional staging, surgical resection and then
possibly be treated with chemotherapy and/or
radiotherapy. The patient will then be followed
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to determine response or recurrence. While
there are no clear alternatives to this established
approach, imaging or specimen biomarkers that
could determine cell type, outcomes and appro-
priate therapy at the time of diagnosis would
clearly be an advantage.

In addition, biomarkers could suggest which
patients would respond to specific therapies, and
which patients may develop toxic side effects.
Many other similar scenarios exist for a spec-
trum of thoracic abnormalities, including inter-
stitial lung disease, cardiac disease, infections
and trauma. Selecting the optimal therapy at the
time of diagnosis would avoid subjecting patients
to ineffective and potentially toxic therapy.

B Assessment for treatment response
When a patient is undergoing treatment for a dis-
ease, knowing whether the currently used treat-
ment is having an effect may help guide clinicians
to continue the treatment or alter therapy. As
above, it would be best to have accurate predic-
tive markers at the time of presentation, so that
multiple sequential imaging studies to determine
response would not be so important. This is par-
ticularly the case in malignancy, where there is
an effort to maximize treatment response while
minimizing exposure to potentially toxic chemo-
therapeutic agents that do not affect a particular
patient’s tumor growth. It is becoming increasing
clear that current conventional imaging response
criteria, using measurements of tumor size, are
not always optimal [5], and that FDG-PET, and
fusion imaging with CT-PET may be more accu-
rate. This provides anatomic localization as well as
metabolic information. Reports from early stud-
ies, however, are not consistent as tumors are het-
erogeneous, and FDG uptake does not necessarily
correlate with the tumor cell component [6-3].

Several preliminary studies have suggested a
genomic signature of the tumor as a predictive
‘biomarker’, but these are still in the early phases
of development and need to be validated in larger
prospective trials. In this regard, one could also
envision developing imaging probes, or other
imaging biomarkers that could determine if
therapy was having an effect early in treatment.
As long as response to therapy influences patient
care, there will be a role for biomarkers to assess
stability, progression or resolution of disease.

In current clinical trials overall survival is
typically used as the ultimate end point, but
progression-free survival is occasionally used
as a surrogate marker to report trial results.
Alternatively, response biomarkers have been
proposed for this same purpose, as some diseases
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are indolent and clinical studies take years to
determine whether a therapy is effective [9].
Use of biomarkers could potentially reduce the
amount of time and cost required to evaluate new
therapies. This could not only more efficiently
suggest which therapy may be useful, but poten-
tially reduce the necessity of clinical trials for
therapies that are not effective or are associated
with significant toxicity. More conventional trials
assessing survival may then be used for the subset
of therapies that show promising results.

Currently used imaging biomarkers
Traditional thoracic imaging studies evaluate
and report a myriad of findings that represent
biomarkers. They are reported because these
anatomic and morphologic features provide
clinically relevant diagnostic information [10].
Physiologic or serum biomarkers are useful as
well. These will be reviewed as they pertain to
lung or cardiac imaging.

B Lung disease

In patients with interstitial lung disease, descrip-
tive features such as reticular and ground glass
opacities, interlobular septal thickening, honey-
combing and architectural distortion all serve as
biomarkers to assess the extent and severity of dis-
ease. These biomarkers describe a phenotype with
implications concerning outcome and treatment.

In patients with a pulmonary nodule, biomark-
ers include size, shape, margins, composition/
density and location. Irregular, spiculated and
lobulated margins are features strongly correlated
with primary lung cancer [11]. Small nodules are
typically benign, and large size (>3 cm) lesions
are associated with malignancy (Ficure 1). Other
findings may suggest a benign etiology, including
central or dense calcification, typically seen with
granulomas or fat, possibly indicating a hamar-
toma or lipoid pneumonia (Ficure 2). The pattern
of an abnormality in the lung is sometimes sug-
gestive of the disorder’s etiology. For example, a
tree-in-bud appearance of pulmonary nodules
is a pattern often associated with infectious
causes (FIGURE 3).

For many years, change in lesion size has been
used as a biomarker for suggesting a diagnosis and
determining response to treatment [12]. However,
there may be a time lag between the onset of a suc-
cessful treatment regimen and a detectable change
in lesion size [5]. In addition, since many lesions
are heterogeneous and an anatomic abnormality
may not completely resolve, it is currently impos-
sible to differentiate residual disease from fibrosis
based on morphologic characteristics alone.
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Figure 1. CT image shows a spiculated mass in the left lower lobe of a
61-year-old female with shortness of breath and cough. Biopsy showed

adenocarcinoma.

In addition to anatomical description, physio-
logic measurements have a role as biomarkers
in thoracic imaging. For example, tumors are
composed of a spectrum of cell types including
malignant cells, inflammatory cells, fibroblasts

Figure 2. CT image demonstrates a right lower lobe nodule in a 66-year-old
female with asthma and nodule noted on chest radiograph. There are areas
of fat attenuation in the nodule, compatible with a hamartoma.
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and surrounding stromal cells that have
increased rates of metabolism. Consequently,
the tissues demand oxygen and nutrients to
maintain growth and will often demonstrate
increased vascularity compared with inactive
lesions. One study showed intravenous contrast
enhancement on CT, as an indicator of vascu-
larity, is useful in some patients for distinguish-
ing benign from malignant lesions [13]. The
most widely used biomarker probe for tumor
detection by imaging is "*F-FDG. PET imag-
ing with ®F-FDG is a way to measure glucose
metabolism, but also provides anatomic infor-
mation. Recent studies have developed serum
biomarkers for lung cancer and may in the
future be an integral part of managing patients
with pulmonary nodules (Ficure 4) [14].

2-fluoro-2-deoxy-n-glucose has also been
used to monitor therapeutic responses to treat-
ment. F-FDG uptake has been shown to
change rapidly after initiation of chemotherapy
for lung cancer, sometimes within approxi-
mately 14 days [15]. However, recent studies have
shown an inconsistent relationship between
changes in tumor size, tumor ®F-FDG uptake
and treatment response, where survival is used
as the end point [8,16]. The decrease in stan-
dardized uptake values observed after chemo-
therapy may therefore not be directly related
to a decrease in the burden of neoplastic cells
alone. Consequently, while preliminary stud-
ies have shown the potential use of ®F-FDG
and other surrogate markers for prediction of
tumor response to treatment, more studies are
needed before such methods are used in routine
clinical practice.

The exact mechanism of F-FDG uptake
remains uncertain, and accurate differentia-
tion between different cellular types within
a tumor is not possible [¢6]. Therefore alterna-
tive, more specific imaging probes are being
developed. The thymidine analog [**F]fluoro-
thymidine is a marker of cell proliferation.
Since tumor cells are likely to have the highest
rates of proliferation of any cell type within a
tumor, [®F]fluorothymidine may represent an
improvement over FDG, which simply mea-
sures metabolism. ["*F]fluorothymidine has
recently been shown to measure early response
to gefitinib therapy in lung cancer in a small
clinical trial (17.

B Cardiac disease

Several serum and imaging biomarkers are also
used in cardiac imaging. One of the most com-
monly used serum biomarkers pertaining to the
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heart is the cardiac troponin level. Troponin is
a molecule composed of three subunits, two
of which are specific to cardiac muscle tissue.
Following an acute myocardial infarction, an
increase in serum troponin levels is observed,
providing a specific marker for myocardial
injury, which has found widespread clinical
use [18]. While serum cardiac biomarkers are
useful in disease detection, they do not allow
for localization of disease. For example, when
considering a patient with myocardial infarc-
tion, the vascular territory involved and pres-
ence of residual viable myocardium are factors
considered when deciding on therapy. In such
instances, an imaging marker such as delayed
contrast enhancement may be used to supple-
ment serum biomarkers. Delayed contrast-
enhancement imaging of the heart using MRI
allows differentiation of viable and nonviable
myocardium [19], guiding therapy towards vas-
cular territories with viable myocardium that
may benefit from revascularization (Fiure 5).

Biomarker development

Developing biomarkers is not a trivial task and
needs significant resources. It requires a multi-
disciplinary approach that involves both clinical
and basic science researchers. The investigative
team must clearly understand the relevant clini-
cal questions and the technology used to address
the issues. They need to develop, standardize,
and validate assays or protocols, and standardize
reporting. Bioinformatics is an essential part of
this process to ensure the data are collected and
analyzed appropriately.

The design and organization of clinical
trials with suitable clinical end points, such
as disease progression or overall survival, also
present challenges. This involves constant
monitoring, patient retention and awareness
of regulatory issues. All of this requires institu-
tional review board approval and must be Health
Insurance Portability and Accountability Act
compliant [20,21].

The future of thoracic imaging

As an understanding of thoracic biology
increases, more specific imaging methods and
new biomarkers should also be expected. These
may take the form of small molecular probes
with high specificity and sensitivity for a specific
molecular target. An example of a biomarker in
this category is octreotide, which is a somato-
statin analog. This is used to image neuro-
endocrine tumors that express the somatostatin
receptor [16].

Figure 3. CT image shows diffuse tree-in-bud opacities in a 45-year-old
male with cilliary dysgenisis of unclear type. Imaging findings are compatible
with infection.

Imaging with molecular tracers may be fused
with anatomic images to form a map of the dis-
tribution of a biomarker relative to anatomic
structures, as is currently widely done in PET-CT
imaging. The combination of anatomic and
physiologic information is often more specific
for a diagnosis than either measurement alone.
Other current methods of anatomic and physi-
ologic image correlation include color Doppler
imaging and SPECT-CT.

Alternatively, specimen biomarkers that exam-
ine DNA, mRNA or proteins for disease-specific
properties could be used to complement imag-
ing findings. These biomarkers must address
unresolved issues in diagnostic radiology, facili-
tate management, reduce cost, reduce invasive
procedures and improve overall outcomes. For
instance, if a set of biomarkers can be identi-
fied that correlate with lung cancer, these may be
used to complement the findings of conventional
imaging studies.

In lung cancer, EGF receptor (EGFR) is an
example of an important molecular target and
biomarker. EGFR is a transmembrane tyrosine
kinase receptor, which exists in a monomeric form
in its nonactive state. Upon ligand binding, the
receptor dimerizes and activates growth promot-
ing signal pathways. While EGFR is a membrane
constituent in many normal cells, overexpression
or expression of an activating mutated form has
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Figure 4. Coronal 2-fluoro-2-deoxy-p-glucose-PET scan demonstrates a
hypermetabolic right lower lobe nodule in a 75-year-old male with left arm
weakness. Biopsy showed squamous cell carcinoma.
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been associated with cancer in a variety of organs.
EGFR-targeted imaging agents have been demon-
strated to localize to tumors with high specificity

Figure 5. Delayed short axis, contrast-
enhanced MRI demonstrating increased
signal in the anterior and anterior-septal
walls in a 77-year-old female with chest
pain. Findings are compatible with an infarct
in the distribution of the left anterior
descending artery.

Imaging Med. (2010) 2(5)

in animal models [22,23]. When compared with
nonspecific biomarkers such as "F-FDG uptake,
EGFR imaging focuses on a molecular target for
a subtype of malignant cells. In principle, this
tracer may offer more specific diagnoses and guid-
ance for treatment. Further studies are needed
to validate its use in the diagnosis of lung can-
cer and for evaluating treatment response before
incorporation into routine clinical medicine.

Applications of new biomarker discovery tech-
niques can be used in patients with other thoracic
abnormalities for stratification into risk categories
and may guide further diagnostic evaluation.
Patients at low risk for disease may be followed
and patients at high risk may benefit from more
definitive studies such as biopsy, to establish
diagnosis and guide subsequent therapy if any
is indicated.

Conclusion

Biomarkers currently play an essential role in tho-
racic imaging. Objective measures of disease are
described on conventional imaging studies and
are reported because of their clinical relevance.
However, there remain a number of unresolved
diagnostic issues in the chest, and new, more
accurate biomarkers will undoubtedly improve
diagnostic capabilities and patient care. The role
of biomarkers in thoracic imaging will certainly
expand as our understanding of pathophysiology
improves. Novel imaging features or biomark-
ers derived from biological specimens should
improve evaluation of patients with specific tho-
racic abnormalities. It is hoped that continued
incorporation of novel diagnostic strategies will
improve patient care and outcomes.

Future perspective

Diagnostic imaging is an essential part of patient
care. While conventional imaging provides a
tremendous amount of information, improve-
ments in technology and biology will lead to
novel diagnostic strategies. It will be critical for
radiologists to understand and incorporate these
advances for an accurate, efficient evaluation of
patients with thoracic abnormalities.
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Executive summary

= The clinical aim — diagnosis, prognosis or prediction — dictates the type of biomarker that should be used. Biomarkers may be detected
by either biochemical assay of specimens or by use of specific imaging features.
= Novel techniques, probes and specimen biomarkers are constantly being developed and must be integrated with conventional imaging.
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