Quantitative DCE-MRI Assessment of Breast Cancer Therapeutic Response: How Long Is the Acquisition Time Necessary?
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Purpose: Quantitative dynamic contrast-enhanced (DCE) MRI has been shown to be an important imaging biomarker for early prediction of breast cancer response to
neoadjuvant chemotherapy (NACT) (1,2). The commonly adopted DCE-MRI acquisition time (Ta.) is 8 min or longer. However, breast cancer patients undergoing
NACT are generally quite ill with compromised immune system. Consequently, the relatively long T..q causes significant amount of patient discomfort, often resulting
in motion artifacts in the acquired images and low-quality data. Therefore, without sacrificing the ability of DCE-MRI for discriminating responders from non-
responders, shorter T,¢q should be used to reduce patient discomfort and obtain good-quality data. A recent simulation study (3) shows that a DCE-MRI T, value of
4.6 min is usually sufficient to derive stable K™" and v, pharmacokinetic parameters from DCE-MRI signal intensity time-course data of most curve features. In this
study, by analyzing DCE-MRI data with shortened T..q generated from the acquired data with a long T.., we sought to determine, for the purpose of evaluating breast

cancer response to NACT, if the DCE-MRI T, can be significantly reduced. Fig.1a Ktans (mint) (SM) Ktans (min-1) (SSM)
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the same SM and SSM analyses, simulating a Ta.q range of ~ 10 min to ~ 3 min. The raw data from the two patients were selected for these analyses because their
tumor mean K™ and ke, values derived from the full T, data were close to the means of the pCR and non-pCR groups, respectively, and thus were representative.
Results: Fig. 1a shows the column graphs of TP, tumor mean K™ (SM and SSM) and k., (SM and SSM) values of the pCR (blue) and non-pCR (red) at varying T,
while Fig. 1b shows the corresponding % changes (TP, relative to TP) of these metrics. The vertical scales are kept the same in Fig. 1a for each parameter between the
two models. Some K™ (SSM) and k., (SM) values are out of scale at small T,q. The TP, K™ (~0.04 min™) and ke, (~0.06 min™") parameter values of the pCR were
nearly identical between the SM and SSM analysis: characteristic for tumor with

diminished angiogenesis (7). These values remain stable for T, as short as 3-4 min. Fig.2 Tacq (Min)

For the non-pCR, the K™ (SSM) value (~0.08 min™) derived from the full Ty ~24 ~36 ~49 ~61 ~73 ~85 ~97
acquisition was substantially greater than the K™ (SM) value (~0.05 min™). This is Ktans (min!)
expected for a tumor with presumably still elevated angiogenesis (7) after one NACT

cycle. As aresult, K™ (SSM) provides better separation of the pCR from the non-pCR.
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The non-pCR K™ and kep parameter values remain stable for T, as short as 5.5-6 min
before being artificially increased with further T, shortening. The latter actually
“artificially” enhances discrimination of the two responses albeit with increased
uncertainty in data fitting. Fig. 2 shows the pCR and non-pCR TP, tumor K"** (SSM) I 0.001
color maps obtained at varying T.., demonstrating clear difference between the two

breast tumors even at Tyeq as short as ~ 2.4 min. The % changes in K™ (SM and SSM) and k., (SM and SSM) remain robust measures of therapy response in the entire
simulated T, range (Fig. 1b), with no less than 20% difference between the pCR and the non-pCR.

Discussion and Conclusion: A recent review (8) indicates that the K™ parameter is the dominant DCE-MRI biomarker that is useful for assessment of cancer
therapeutic response. The results from this study suggest that for typical responder and non-responder breast tumor K** or k., values after one NACT cycle, a DCE-
MRI T, of 5-6 min is sufficient to achieve the goal of early prediction of therapeutic response when either parameter is used as the discriminatory biomarker.
Therefore, any breast DCE-MRI acquisition time beyond the 6-min mark is probably unnecessary for the purpose of assessing therapy response. A shorter Tyq can
speed-up DCE-MRI protocol, reduce patient discomfort, and minimize the possibility of motion.
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