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Modern Medical Imaging
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Positron Emission Tomography Interventional Radiology

(a) Comparison of sensitivity versus spatial resolution and (b) depth of penetration/field of
view versus spatial resolution for the different molecular imaging modalities.

Cassidy P J, Radda G K J. R. Soc. Interface 2005;2:133-144
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Imaging Probes:

Concentration Requirements for
Different Imaging Modalities

Imaging Technique Sensitivity
PET 1017-10"2 mole/L
SPECT 10°19-10"" mole/L

10-15-1077 mole/L
107-10"2 mole/L

Bioluminescence
Fluorescence

MRI 103-10> mole/L
CT Not well characterized
Ultrasound Not well characterized
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Oltvai ZN, BarabasiA. Science 2002; 298:763-764. Pennisi E. Science 2003;302:1648-9.

Solitary pulmonary nodule with spiculated borders in left upper lobe. Tira Bunyaviroch, and R. Edward
Coleman J Nucl Med 2006;47:451-469
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Nature Reviews | Cancer

Gambhir SS. Nat Reviews Cancer 2003;2:683-693.

Lung cancer with osseous metastases. Tira Bunyaviroch, and R. Edward Coleman J Nucl Med

2006;47:451-469
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Malignant pleural effusion in right hemithorax. Tira Bunyaviroch, and R. Edward Coleman J Nucl Med
2006;47:451-469
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Original Investigation

Accuracy of FDG-PET to Diagnose Lung Cancer
in Areas With Infectious Lung Disease
A Meta-analysis

Stephen A. Deppen, PhD; Jeffrey D. Blume, PhD: Clark D. Kensinger, MD; Ashley M. Morgan, BE:
Melinda C. Aldrich, PhD, MPH; Pierre P. Massion, MD; Ronald C. Walker, MD; Melissa L. McPheeters, PhD, MPH;
Joe B. Putnam Jr, MD; Eric L. Grogan, MD, MPH

RESULTS Heterogeneity for sensitivity (1 = 87%) and specificity (P = 82%) was observed
across studies. The pooled (unadjusted) sensitivity was 89% (95% Cl, 86%-91%) and
specificity was 75% (95% Cl, 71%-79%). There was a 16 percentage point-lower average
adjusted specificity in regions with endemic infectious lung disease (61% [95% Cl,
49%-72%]) compared with nonendemic regions (77% [95% Cl, 73%-80%]). Lower
specificity was observed when the analysis was limited to rigorously conducted and
well-controlled studies. In general, sensitivity did not change appreciably by endemic
infection status, even after adjusting for relevant factors.

JAMA. 2014:312(12):1227-1236. dol:10.1001/jama.2014.11488
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Figure 3. Performance of FDG-PET to Diagnose Lung Nodules by
Endemic Status for 70 Studies
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ORIGINAL ARTICLE

Prognostic value of volumetric parameters of '"*F-FDG
PET in non-small-cell lung cancer: a meta-analysis
Hyumgun |
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Results Thirteen eligible studies including 1,581 patients
were analysed. Patients with high MTV showed a worse
prognosis with an HR of 2.71 (95 % CI 1.82 — 4.02,
p<0.00001) for adverse events and an HR of 2.31 (95 % CI
1.54 — 3.47, p<0.00001) for death. Patients with high TLG
also showed a worse prognosis with an HR of 2.35 (95 % CI
1.91-2.89, p<0.00001) for adverse events and an HR 0f2.43
(95 % CI 1.89 - 3.11, p<0.00001) for death. The prognostic
value of MTV and TLG remained significant in a subgroup
analysis according to TNM stage as well as the methods for
defining cut-off values and tumour delineation.

Patient 5, with NSCLC in left upper lobe. Andreas K. Buck et al. J Nucl Med 2003;44:1426-1431
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Comparison of the diagnostic performance of *F-fluorothymidine
versus '*F-fluorodeoxyglucose positron emission tomography
on pulmonary lesions: A meta analysis

XIAO-FENG LI, DONG DAL, XIU-YU SONG, JIAN-JING LIU, YAN-JIA ZHU and WEN-GUI XU

Department of Molecular Imaging and Nuclear Medicine, Tianjin Medical University Cancer Institute and Hospital

National Clinical Research Center f

or Cancer. Key Laboratory of Cancer Prevention and Therapy, Tianjin 300060, PR. China

The meta analysis showed that *F-FLT PET
had a higher specificity (0.70; 95% CI. 0.61-0.77), but lower
sensitivity (0.81; 95% CI, 0.74-0.87) compared to "F-FDG
PET (0.50; 95% CI, 0.41-0.58 for specificity; 0.92; 95% CI
0.86-0.95 for sensitivity). For DOR, “F-FLT PET (12.58
95% CI. 6.81-23.24) was higher compared to *F-FDG PET
(10.

of linear mo

72; 95% CI. 5.51-20.87). The area under the curve was
2 and 0.9240 for *F-FLT PET and *F-FDG PET, respec
tively (Z=0976, P>0.05). In conclusion, *F-FLT PET and
*F-FDG PET had good diagnostic performance for the overall
assessment of pulmonary lesions, and F-FLT PET had a higher
specificity compared to F-FDG PET, but was less sensitive
than “F-FDG PET. Therefore, *F-FLT and “F-FDG together
could add diagnostic confidence for pulmonary lesions




What is Molecular Theranostics?

Treatment strategy that combines diagnostics and
therapeutics

Originally used to describe process of diagnostic
therapy for individual patients for drug testing

Important component of personalized medicine

Imagers can approach theranostics from the
imaging perspective with combined therapy

Targeted therapy

Lee DY, Li KCP. AJR 2011;197:318-324.
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Current “Molecular Theranostic”

* lodine —radionuclide for thyroid imaging; and
treatment of treatment of thyroid disease and cancer

+ Radiolabeled octreotide for somatostatin receptor
imaging and treatment of SSTR cancers

+ CD20-specific monocloncal antibody labeled with
radionuclide for imaging and therapy

Initial staging/diagnostic
molecular imaging

Targeted therapy Restaging

Q t Positive: retreatment? J

_ﬂ(

\
- ‘ No therapy

| T R Negative: follow up
A~
|

Lee DY, Li KCP. AJR 2011;197:318-324.
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Introduction

Nanotechnology and Oncology
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Targeted
nanoparticle for
imaging
If you want to summarize the promise of nanomedicine in one word, that word o
is “control.” For 3,000 years we have been giving drugs to patients, and the
drugs go wherever they want and can cause toxicity. They may treat the right
things, but we lose control. The promise of nanomedicine is to allow you to bring Targeted

nanoparticle for
radionuclide

back that control. Imagine the day you can say, “drug, come here; drug, turn v
on; drug, turn off.” That will be the day that we have revolutionized medicine.

n A 5 . 4 therapy
To be able to engineer that in a small molecule is almost impossible. There are
not enough elements in a small molecule to allow you to build in those controls. Base nanoparticle
Whereas in nanomedicine, you theoretically can program that particular nano- Targeted
material to do what you want it to do using local or remote signals. (Li, 2010) nanoparticle
- Targeted

nanoparticle for
drug therapy

Lee DY, Li KCP. AJR 2011;197:318-324.

A Nanoscale Targeted PV Molecular |mOg|ng of
Angiogenesis
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TIw MRIimages: Vx2 carcinoma rabbit model

Sipkins DA, et al. Nature Medicine 1998;4:623-626.

Vascular Targeted Gene

Intravascular Confinement

Immunohistochemistry of tumor periphery

Integrin o, B3 PV-anti-a,f; conjugate
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Sipkins DA, et al. Nature Medicine 1998;4:623-626. ouzin J. selence




Vascular-targeted Gene
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Hood JD, Bednarski M, et al. Science 2002; 296:2404-2407.
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Hood JD, Bednarski M, et al. Science 2002; 296:2404-2407.
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Drug Release Process
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Qin G, et al. Nanotechnology 2011;22:155605. Epub 2011 Mar 10.

Qin G, et al. Nanotechnology 2011;22:155605. Epub 2011 Mar 10.

Systems Approach of Image-guided
Theranostic for Peripheral Lung
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