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Colorectal PET

« Diagnosis and initial staging
+ Key points

-Yhole body PET scans performed for other
malignancies may identify incidental
colorectal cancer

— PET scans are not routinely used in the initial
staging of patients with colorectal cancer

Detection of Recurrent Colorectal
Cancer

« PET scans are more accurate than CT
scans in assessing suspected recurrence

« PET scans are routinely performed to rule
out extrahepatic disease in patients who
are considered surgical candidates for
resection of isolated liver metastases

« PET scans are used to evaluate rising
CEA levels when other imaging studies
are negative
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Response to Therapy

« There are minimal data regarding the role
of PET scans in monitoring the response
to chemotherapy or radiation therapy

« PET scans have been used to assess
response to regional therapies of the liver
where they can distinguish between
necrosis and residual tumor

Summary of Recommendations

Staging

— PET is not routinely indicated unless initial studies suggest
but are not conclusive for metastatic disease

Detection of recurrence

— PET scans are indicated for the evaluation of a rising CEA
level or a patient with suspicious symptoms unlessa CT
scan has already identified metastatic disease

PET scans are not indicated for routine surveillance for

colon cancer recurrence

+ Management of metastatic disease

— PET scans are not routinely indicated to restage patients
after non-surgical treatment of metastatic disease unless
curative resection is considered
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The research objectives are: to evaluate the diagnostic accuracy and
therapeutic impact of fluorine-18-deoxyglucose (FDG) PET/CT for the pre-

operative staging of primary, recurrent and metastatic cancer using systematic
review methods; undertake probabilistic decision-analytic modelling (using
Monte Carlo simulation); and conduct a value of information analysis to help
inform whether or not there is potential worth in undertaking further research.
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Kinetics of tumor cell kill and relation to PET. Line A represents brisk tumor response that would produce cure after only 4 eyeles of chemotherapy. Line B represents
minimum rate of tumor cell kill that will lead to cure in 6 cycles of treatment. Both lines would be associated with negative PET scan after 2 cycles of chemotherapy. In
contrast, line C represents rate of tumor cell kill that would be associated with negative PET scan after 4-6 cycles but would not produce cure. Importantly, PET scan for line
€ would likely be positive after 3 cycles (27).

Images in this article

’F‘.
L

& Internet

S it /i ncbal i ih.gov e /articlas P 75e

1) Fine

f" %, NTH Public Access

ﬁﬂ Author Manuscript

it | Accented for publication in a peer reviewed journal
Abaut Author manuscripts Subrmit a manuseript

From: 4 tiucMed Author mauseript avaiable in PIAC 2008 October | <<Prev | FIGUREZ | Next»»
Published in final edted form as:
I Nucl Hed, 2008 May; €0(Suppl 1): 1226-1505

doi: 10,2967 numed. 108.057207
Copyrighil > Bequesto 1o reuss
FIGURE 2
120
+ ROImax
= ROl peak
\ 4 ROl isocontou
01 - ROImanust /
~+— Other ROI 4

Number of Papers
g

0
v
20 A PR
. s "
B e
0 —— e

1908 1933 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000

Year of Publication

Number of papers that included use of tumor ROIs, as function of year of publication. Papers were identified by Medline search that queried for FDG AND SUV OR *standard
uptake value’ OR “standardized uptake value” OR “standardised uptake value). Only human “*F-FDG oncology studies were included. ROT max refers to maximal pixel in
tumor. ROI peak refers to small (typically 15 * 15 mm) fixed-size ROI centered on most metabolically active part of tumar. ROI isocontour refers to irregular ROI defined by
isocontour set at, for example, some percentage of maximal pixel. ROT manual refers to manually drawn ROI. Only a subset of these papers describes response assessment
studies.
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£ Summary of Studies on Test—Retest Reproducibility of Untreated Tumors Without Interval Therapy
Study Pts/lesions No. and time Imaging and reconstruction Variables and ROIs Major findings
between PET parameters
scans
Minn 1995 10pts; 10 lesions; 2 scans; mean PET alone/®9Ge AC; dynamic acquisition Maximal SUL 1.2 » 1.2 cm; ROl 4 Test—retest mean percentage difference between scans/correlation (SUL:
primarylung 18184 60 min; 3.4-mm slice thickness (n = 8); » 4 pixels (“peak”) 10% & 7%/0.987; Ki: 10% & 8%/0.960; SUL glucose correction: 6% =
cancerz 2 cm 6.75emm slice thickness (1= 2); 128 695/0.005) Kyt 24% = 13%/0.812; ka! 42% = 31%/0.0.763; 3! 24% =
128 matrices; FBF 0.3 Hanning filter; ~8 13%/0.953)
'mm FWHM; axial resclution not given
weber 16 pts; 50 lesions; 2 scans; mean  PET alone/®3Ge AC; dynamic acquisition  SUV bw in 50% threshold around Mean percentage difference in SUV for test-retest is ~10%; 0.9 SUV unit
1990 various cancers; 3+ 3d 70 min; 3.4-mm dlice thickness; 128 «  maximal ‘’F EDGROI (mean  required for significant change; greater variability in smaller lesions;
tumor volume 0.8 128 matrices (4 « 4 mm); FBF 0.4 diameter 32 + 36 mm, range 12 glucese correction, no significant differences
; —timl Hanning filter; ~8 mm FWHM; axial  ~60mm)
2 resolution -3 mm
© Nakamoto 10 pts;lung 2 scans Reassessment of Minn data; same Maximal SUL in 1 « 1 pixel Mean percentage difference between scans {maximal SUL: 11.3% = 8%
G a2c02 cancer within 1wk parameters for image acquisitionand  anywhere in tumor; highest  mean SUL: 10.1%  8.2%; effective glycolytic volume: 10.1% £ 8%; mean
4 reconstruction average SULing4 - 4pivelsin  percentage differences slightly reduced with glucose correction)
tumor; effective glycolytic
volume (SUL » volume)
Erak 2003 i1 pts; 20 lesions; 2 scans; 2 PET alone/®¥Ge AC; dynamic acquisition  FEP vs, OSEM; SULROIs Test-retest reproducibility similar for FBP vs. OSEM; mean percentage
NSCLC median  consecutive = 60 min; 2.5-mm slice thickness; 128 = (manual; 15 mm fixed; 50%, 73% differences of SUV between 2 scans (8%-10% = 7%-8% for manual and 15
volume ~g cm®*  days 126 matrices; FBP 0.5 Hanning filter;  threshold; single pixel mm fixed ROL; 12%-14% # 11 %-13% for threshold methods; 13% & 11%-
OSEM (2 iterations, 16 subset maximum) 12% for single-pixel SUVmax); mean percent differences of ROI volume
FWHAM; axial resclution not given (23% = 20% for 509% threshold; 53% = 35% for 75% threshold); ICC highest
for 15-mm fixed ROI (0.95); ICC for threshold/single-pixel SUVmMax 0.89-
001
26 pts; 26 lesions; 2 scans; mean PET/CT (CT AC); static acquisition; o Manual ROl definition inaxial  Mean SUV (large manual ROI) test-retest: high correlation (7 = 0.99, 95%
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TABLE 4
Response Definitions for Clinical Trials: Lymphoma Response (33)
Response Definition Nodal masses Spleen, liver Bone marrow
=
:F R Disappearance of (a) *F-FDG-avid or PET-positive ‘Not palpable. Infiltrate has cleared on
T all evidence of before therapy nust be PET- nodules repeated biopsy; if
> disease negative after therapy: y
> size is permitted if PET 15 negative; ‘morphology,
= (b) vanably °F-FDG-avid or immunolustochenustry
S PET-negaiive, tegression o should be negative for CR
normal size on C
[=]
- PR Regression of 250% decrease in SPD of up to 6 250% decrease in Trrelevant if positive before
= measurable disease Targest domunant masses; no SPD of nodules therapy: cell type should be
] and no new sites increase in size of other nodes; (for single nodule specified
= (a) '*F-FDG-avid or PET-positive in greatest
@ before therapy: one or more PET- transverse
g positive at previously invelved diameter). no
= site; (b) vanably "*F-FDG-avid or increase i size of
=3 'ET-negative; regression on CT liver or spleen
sD Failure to attain (a) "*F-FDG—avid or PET-positive
CR/PR or PD before therapy; PET positive at

prior sites of disease and no new
sites on CT or PET. (b)
variably 1%F-FDG-avid or PET-
negative; no change in size of
previous lesions on CT

Relapsed Any new lesion or Appearance of new lesions = 1.5 *50% increase New or recugrent

disease or ncrease of em m any axis, =50% merease in from nadhr 1n SPD mvolvement

FD previously SPD of more than one node. or of any previous

volved sites by 250% merease 1 longest diameter lesions
50% from nadir of previously identified node = 1

em in short axis; lesions PET-
positive 1f F-FDG-avid
Iymphoma or PET-positive before
therapy |

= complete remission: PR = partial remission: SPD = sum of product of diameters: SD = stable discase: PD = progressive disease.
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concentration (a.u.)
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— tissue
—— blood

true slope: 0.0369

average slope: 0.0372
secant slope: 0.0374

secant

uncorrected K[s]: 0.0374

corrected K[s]: 0.0419
true K[m]: 0.0414

time (min)

60

80
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New application of dual point 18F-FDG PET/CT in the evaluation of neoadjuvant
chemoradiation response of locally advanced rectal cancer.

Yoon HJ Clin Nucl Med.

Km=Ks+Vrra=mtca0+VrTa

with
Ks=mtca0,

where m, is the secant (or average) TRF slope in the chosen time
mterval centered at t, and caO=ca(t0) (see Figure ).

The rate K, defined by Equatlon 2 (i.e., the ratio between the TRF
slope and AIF level at time t;) can be determined from measurements
during the late phase alone. Contrary to the Patlak method,
knowledge of the full AIF is not required. To the extent that K. V,,, K,
might directly serve as an (negatively biased) approximation of K_..
Moreover, to the extent that V, can be replaced by a suitable constant
value V', K, differs from K only by a r,- dependent offset that can be
added to K, to obtain a corrected value

Ks(c)=Ks+K0=Ks+V  rra

Neither FDG-PET Nor CT can distinguish between a pathological complete response and
an incomplete response after neoadjuvant chemoradiation in locally advanced rectal
cancer: a prospective study.
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Table 1
) Comparison of Imaging Modalities for Evaluation of Response of Rectal Cancer Following Neoadjuvant CRT.
Author/Year Modality Protocol Data Conclusions.
Chennupati, PET All patients who received both pre- and post-CRT PET scans. 33 patients; Changes on PET have limited value in predicting
20123 Compared PET results to TRG No correlation between SUV, metabolic tumor  pathologic response of rectal cancer after
volume between pathologic responders versus  neoadjuvant CRT
non-responders
MERCURY, MRI MRI preoperatively atan average of o3 days before surgery. Only 67 patients with rectal cancer; MRIand histopathologic assessment of tumor
short duration radiotherapy included. MRI v, pathological examination of extramural spread correlated within o.5mm
depth
Brown,2004%  ERUS,DRE. Eachof three modalities performed atbaseline and repeatedtwo 98 patients undergoing TME: MRIis & better predictor of tumor response
MRI weeks prior to surgery. Both early stage rectal cancers and those  MRI 94% agreement with pathology;
Teceiving nCRT included. DRE 65% agreement with pathology;
Compared each to final pathelogy. ERUS 6g% agreement with pathology
Assessed favorability (invasion, nodal involvement)
Wieder, Geinitz, PET-FLT  PET prior to CRT, two weeks after initiation of CRT, & 3- 10 patients; PET uptake of FLT decreased steadly. Did not
2007482 after chemotherapy but before resection Poor correlation with pathologic specimen. correlate to tumor regression.
o PastorC,2011f  ERUS 4 - 6 weeks after neoadjuvant CRT; 235 patients; ERUS is not accurate in identification of positive
Goal of the study was to validate ERUS as a predictor pathologic 2% misclassified as uNo; nodes
Tesponse. 75% correct regarding LN:
Correlated to pathologic specimen Overall, over-staging in 37%
Denecke, 200572 MRLCT,  Each patient received one of the modalities before neoadjuvant CRT 23 patients with T3 or 4 rectal cancerafter  PET is superior to CT and MRI predicting response
andPET  and 2-4 wesks after neoadjuvant CRT. CRT;. FDG PET: 100% (sens), 60% (spec); t0 CRT

Legend: PET: Positronic Emission T

Imaging:

ERUS: Endoseopic rectal ultrasound; DRE: Digital rectal exam; TME: Total mesorectal excision; PET-FLT: Fluoro-L-Thymidine; LN: Lymph node: CT: Computed omegraphy:

Compared with ERUS and pathelog.

CT 54% (sens), 80% (spec);
MR 71% (sens), 67% (spec)

i CRT: Ck diotherapy; SUV:

uptake value; TRG: Tumor regression grade; MRI: Magnetic Resonance;
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