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Prediction Rules for Distinguishing Benign from
Malignant Compression Fractures on MRI

In elderly patients, the occurrence of a vertebral fracture with the associated
Magnetic Resonance (MR) findings of bone marrow edema (BME) often raises the
question of a malignant etiology. Metastases to the vertebrae are found in 5% to
10% of all patients with cancer.! Neoplasm induced fractures of the spine occur in
approximately 10-15% of patients with skeletal metastasis.? However, there are
numerous causes of BME patterns (degenerative, infectious, inflammatory, traumatic
and neoplastic), and in the elderly, a benign osteoporotic fracture is also a frequent
etiology.

Trying to differentiate between benign and malignant compression fractures in the
spine is a problem confronting radiologists. MR imaging is often utilized to evaluate
the etiology of back pain and is a superbly sensitive method for assessing bone
marrow. However, there is a lack of specificity if only signal intensity characteristics
are considered. Several MR imaging signs have been described, but the literature is
limited on this topic with most investigations performed in convenience samples of
fewer than 100 patients. Therefore, because of the variable data, skepticism exists
for the imaging criteria. A rapid and accurate technique to differentiate benign from
malignant processes has important implications regarding patient treatment and
prognosis. In terms of patient management, there are divergent therapies,
prognoses and decision trees for the osteoporotic versus malignant causes of BME in
the vertebra. The often indeterminate and sometimes misleading appearance of BME
on MR imaging has resulted in the frequent need for biopsy and pathological
examination.

Prediction rules (also known as clinical decision rules) are logical algorithms that
provide estimates of the likelihood for the existence of a particular condition.** These
rules are based on empirical relationships between numerous predictors and possible
outcomes, while capitalizing on the different degrees of association among the
predictors to formulate the rule. Prediction and decision rules are quite common in
other medical fields and when applied to imaging typically address clinical
parameters with the goal of determining who should be imaged and how. While there
has been an increase in the development and validation of prediction rules in
radiology,®® this methodology is not commonly applied to the primary image
interpretation tasks.” Three steps are involved in the development and testing of a
prediction rule: creation of the rule, testing or validating the rule, and assessing the
impact of the rule on clinical behavior.

With this in mind, one novel approach is the development of a prediction rule to
determine the etiology of vertebral BME from information that is readily obtainable
from MR imaging. This project is currently underway in the department of radiology.
The types of MR findings that will be evaluated include signal homogeneity, vertebral
body morphology, lesion definition, extent of vertebral body abnormality, pedicle
involvement, cortical interruption, extraosseous extension, presence of a fracture
line, longitudinal ligament attachment, contrast enhancement pattern and number of
foci. We are currently accruing a cohort of patients that have undergone spine MR
imaging and a subsequent biopsy or follow-up MR imaging showing either disease
progression indicating neoplasm or BME resolution indicating a compression fracture.
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The dataset derived from this review process will be used as the training set (also
known as the derivation set). The prediction rule will be developed using a
multivariate regression model.

Evaluation of the prediction rule will be based on several principles including
calibration, discrimination, validity, and utility. One method of evaluation is to
perform cross-validation of the prediction rule with a new dataset, thus testing the
generalizability. This may be done in a prospective manner using an opportunity
sample of new patients presenting with compression fractures, or it may be done
retrospectively on a different dataset from another institution. If proven useful then
the prediction rule may be incorporated in the form of an on-line decision support
system.

A predictive algorithm that can consistently discriminate malignant versus benign
BME in the context of vertebral compression fractures would be useful in clinical
practice and allow for more appropriate allocation of health care resources by
expediting therapy rather than furthering the diagnostic work-up. However, it is
possible that a sufficiently robust rule cannot be developed based on standard MR
imaging and morphological criteria. Accordingly, an additional goal of this project is
to identify directions to focus future research in the application of novel MR pulse
sequences in a subset of patients with BME patterns, which cannot be sufficiently
characterized by morphological criteria.
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