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In the 1990s, a series of technologic advances made it possible to translate DWI measurements to
extracranial sites, including the abdomen and pelvis. The developments of echo-planar imaging
(EPI), high-gradient amplitudes, multichannel coils, and parallel imaging have been instrumental
in extending the applications of DWI. In particular, the introduction of parallel imaging, which
enabled reduction in the TE, the echotrain length, and the k-space filling time, led to substantially
less motion artifact at image acquisition, thus enabling high-quality DW images of the body to be
obtained.

DWI yields qualitative and quantitative information that provides unique insight into tumor
characteristics, and there is growing evidence for its use in the assessment of the patient with
cancer.

1. Tumor detection: In general, tumors have lower ADC values, whereas
normal/benign/reactive tissues have correspondingly higher values.
e DWIis being applied for the detection of liver metastases which appear as high-
signal-intensity foci at DWI.*

2. Tumor characterization: Apparent diffusion coefficient values for distinguishing
malignancy from normal/reactive tissues and benign disease are dependent on histologic
characteristics such as tumor type, differentiation, and necrosis

e Benign liver lesions, such as cysts and hemangiomas, have higher mean ADC
values (e.g., 2.45 x 10~ mm?/s) than malignan' lesions, such as metastases and
hepatocellular carcinoma (e.g.' 1.08 x 10~ mm?/s)* 3

e In prostate cancer, differentiating tumor from other causes of a low-signal-
intensity lesion in the prostate gland is difficult on conventional T2-weighted
MRI. DW!I has shown potential for tumor identification®*®,

e In colorectal cancer,” DWI showed high sensitivity and specificity for detecting
tumors™®, and several studies found that DWI detected was tumors in of the
pancreas'! and gall bladder ** with high sensitivity and specificity.

3. Several studies have indicated that DWI may be useful for tumor staging, including
lymph node, bone and distant metastases**™".

4. 1t has been suggested that there is a prognostic significance of pretreatment ADC values
stems from the relationship between necrosis and poorer patient outcomes.
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e Studies in rectal carcinoma *® *° have shown that tumors with low baseline
pretreatment ADC values respond better to treatment compared to tumors with
high pretreatment ADC values.

5. Treatment response: DWI may be an effective early biomarker for treatment outcome for
both antivascular drugs and therapies that induce tumor cell apoptosis. While DWI
protocols and analysis methods need be tailored to individual tumor types, anatomic sites,
and therapies, successful treatment is generally reflected by an increase in ADC values;
however, transient early decreases in ADC values can be seen after treatment.

e Animal studies showed that an increase in ADC after treatment correlated with
response in subcutaneous gliosarcoma®, colon cancer, Prostate cancer
xenografts®}, colon carcinoma®?, Breast tumor xenografts %> and mammary
tumors*.

e Similar results have been found in humans with hepatocellular carcinoma >%,
soft tissue sarcomas *°, uterine leiomyomata °, breast cancer *°, cervical cancer®,
prostate cancer® ', rectal carcinoma *

6. Diffusion-weighted MRI has the potential to assist in new drug development and in
clinical practice.

References

1. Moteki, T. & Horikoshi, H. Evaluation of hepatic lesions and hepatic parenchyma using diffusion-weighted echo-
planar MR with three values of gradient b-factor. J. Magn. Reson. Imaging 24, 637-645 (2006).

2. Taouli, B. et al. Evaluation of liver diffusion isotropy and characterization of focal hepatic lesions with two
single-shot echo-planar MR imaging sequences: prospective study in 66 patients. Radiology 226, 71-78 (2003).

3. Kim, T. et al. Diffusion-weighted single-shot echoplanar MR imaging for liver disease. AJR Am. J. Roentgenol.
173, 393-398 (1999).

4. Issa, B. In vivo measurement of the apparent diffusion coefficient in normal and malignant prostatic tissues using
echo-planar imaging. J. Magn. Reson. Imaging 16, 196-200 (2002).

5. Jacobs, M. A. et al. Proton, diffusion-weighted imaging, and sodium (23Na) MRI of uterine leiomyomata after
MR-guided high-intensity focused ultrasound: a preliminary study. J. Magn. Reson. Imaging 29, 649-656 (2009).

6. Jacobs, M. A., Ouwerkerk, R., Petrowski, K. & Macura, K. J. Diffusion-weighted imaging with apparent diffusion
coefficient mapping and spectroscopy in prostate cancer. Top. Magn. Reson. Imaging 19, 261-272 (2008).

7. Kim, C. K., Park, B. K. & Kim, B. High-b-value diffusion-weighted imaging at 3 T to detect prostate cancer:
comparisons between b values of 1,000 and 2,000 s/mm2. AJR Am. J. Roentgenol. 194, W33-7 (2010).

8. Riches, S. F. et al. MRI in the detection of prostate cancer: combined apparent diffusion coefficient, metabolite
ratio, and vascular parameters. AJR Am. J. Roentgenol. 193, 1583-1591 (2009).



9. Gibbs, P., Tozer, D. J., Liney, G. P. & Turnbull, L. W. Comparison of quantitative T2 mapping and diffusion-
weighted imaging in the normal and pathologic prostate. Magn. Reson. Med. 46, 1054-1058 (2001).

10. Ichikawa, T. et al. High-B-value diffusion-weighted MRI in colorectal cancer. AJR Am. J. Roentgenol. 187, 181-
184 (2006).

11. Ichikawa, T. et al. High-b value diffusion-weighted MRI for detecting pancreatic adenocarcinoma: preliminary
results. AJR Am. J. Roentgenol. 188, 409-414 (2007).

12. Sugita, R. et al. High b-value diffusion-weighted MRI for detecting gallbladder carcinoma: preliminary study
and results. Eur. Radiol. 19, 1794-1798 (2009).

13. Komori, T. et al. 2-[Fluorine-18]-fluoro-2-deoxy-D-glucose positron emission tomography/computed
tomography versus whole-body diffusion-weighted MRI for detection of malignant lesions: initial experience. Ann.
Nucl. Med. 21, 209-215 (2007).

14. Kwee, T. C. et al. Whole-Body MRI, Including Diffusion-Weighted Imaging, for the Initial Staging of
Malignant Lymphoma: Comparison to Computed Tomography. Invest. Radiol. (2009).

15. Kwee, T. C. et al. Whole-body diffusion-weighted magnetic resonance imaging. Eur. J. Radiol. 70, 409-417
(2009).

16. Takenaka, D. et al. Detection of bone metastases in non-small cell lung cancer patients: comparison of whole-
body diffusion-weighted imaging (DWI), whole-body MR imaging without and with DWI, whole-body FDG-
PET/CT, and bone scintigraphy. J. Magn. Reson. Imaging 30, 298-308 (2009).

17. Li, S., Xue, H. D., Sun, F. & Jin, Z. Y. Feasibility and clinical value of whole body diffusion weighted magnetic
resonance imaging in detection of bone metastases. Zhongguo Yi Xue Ke Xue Yuan Xue Bao 31, 192-199 (2009).

18. DeVries, A. F. et al. Tumor microcirculation and diffusion predict therapy outcome for primary rectal
carcinoma. Int. J. Radiat. Oncol. Biol. Phys. 56, 958-965 (2003).

19. Dzik-Jurasz, A. et al. Diffusion MRI for prediction of response of rectal cancer to chemoradiation. Lancet 360,
307-308 (2002).

20. Jordan, B. F. et al. Dynamic contrast-enhanced and diffusion MRI show rapid and dramatic changes in tumor
microenvironment in response to inhibition of HIF-1alpha using PX-478. Neoplasia 7, 475-485 (2005).

21. Jennings, D. et al. Early response of prostate carcinoma xenografts to docetaxel chemotherapy monitored with
diffusion MRI. Neoplasia 4, 255-262 (2002).

22. Roth, Y. et al. High-b-value diffusion-weighted MR imaging for pretreatment prediction and early monitoring of
tumor response to therapy in mice. Radiology 232, 685-692 (2004).

23. Galons, J. P., Altbach, M. 1., Paine-Murrieta, G. D., Taylor, C. W. & Gillies, R. J. Early increases in breast
tumor xenograft water mobility in response to paclitaxel therapy detected by non-invasive diffusion magnetic
resonance imaging. Neoplasia 1, 113-117 (1999).

24. Lemaire, L., Howe, F. A, Rodrigues, L. M. & Griffiths, J. R. Assessment of induced rat mammary tumour
response to chemotherapy using the apparent diffusion coefficient of tissue water as determined by diffusion-
weighted 1H-NMR spectroscopy in vivo. MAGMA 8, 20-26 (1999).



25. Kamel, I. R. et al. Unresectable hepatocellular carcinoma: serial early vascular and cellular changes after
transarterial chemoembolization as detected with MR imaging. Radiology 250, 466-473 (2009).

26. Kamel, I. R., Reyes, D. K., Liapi, E., Bluemke, D. A. & Geschwind, J. F. Functional MR imaging assessment of
tumor response after 90Y microsphere treatment in patients with unresectable hepatocellular carcinoma. J. Vasc.
Interv. Radiol. 18, 49-56 (2007).

27. Kamel, 1. R. et al. The role of functional MR imaging in the assessment of tumor response after
chemoembolization in patients with hepatocellular carcinoma. J. Vasc. Interv. Radiol. 17, 505-512 (2006).

28. Chen, C. Y. et al. Early response of hepatocellular carcinoma to transcatheter arterial chemoembolization:
choline levels and MR diffusion constants--initial experience. Radiology 239, 448-456 (2006).

29. Einarsdottir, H., Karlsson, M., Wejde, J. & Bauer, H. C. Diffusion-weighted MRI of soft tissue tumours. Eur.
Radiol. 14, 959-963 (2004).

30. Woodhams, R. et al. Identification of residual breast carcinoma following neoadjuvant chemotherapy: diffusion-
weighted imaging--comparison with contrast-enhanced MR imaging and pathologic findings. Radiology 254, 357-
366 (2010).

31. Harry, V. N. Novel imaging techniques as response biomarkers in cervical cancer. Gynecol. Oncol. 116, 253-261
(2010).

32.Sun, Y. S. et al. Locally advanced rectal carcinoma treated with preoperative chemotherapy and radiation
therapy: preliminary analysis of diffusion-weighted MR imaging for early detection of tumor histopathologic
downstaging. Radiology 254, 170-178 (2010).



	Oncologic Applications of Diffusion-Weighted Imaging
	Ihab R. Kamel, MD, PhD
	Clinical Director, MRI
	Johns Hopkins Hospital
	Baltimore, MD

