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Background. Nearly 40% of colorectal cancer (CRC) recurs within 2 years after resection of primary tumor. Imaging
with fluorine-18-fluorodeoxyglucose ('8F-FDG) positron emission fomography/computed tomography (PET/CT) is the
most recent modality and often applied for the evaluation of metastatic spread during the follow-up period. Our goal
was fo study the diagnostic importance of '8F-FDG-PET/CT data of maximum standardized uptake value (SUVmMax),
total lesion glycolysis (TLG) and the difference of SUVmax on dual-time imaging in CRC.

Patients and methods. We examined the SUVmax value of lesions on control or restaging '8F-FDG-PET/CT of 53 CRC
patients. All lesions with increased SUVmax values were confirmed by colonoscopy or histopathology. We compared
PET/CT results with conventional imaging modalities (CT, MRI) and tumor markers (carbohydrate anfigen 19-9 [Ca 19-
9], carcinoembryonic anfigen [CEA]).

Results. Mean SUVmax was 6.9 + 5.6 in benign group, 12.7 + 6.1 in malignant group. Mean TLG values of malignant
group and benign group were 401 and 148, respectively. '®F-FDG-PET/CT was truely positive in 48% of patients with nor-
mal Ca 19-9 or CEA levels and truely negative in 10% of cases with elevated Ca 19-9 or CEA. CT or MRI detected suspi-
cious malignancy in 32% of the patients and '8F-FDG-PET/CT was fruely negative in 35% of these cases. We found the
most important and striking stafistical difference of TLG value between the groups with benign and recurrent disease.
Conclusions. Although SUVmax is a strong metabolic parameter (p = 0.008), TLG seems to be the best predictor in
recurrence of CRC (p = 0.001); both are increasing the specificity of '®F-FDG-PET/CT.
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Introduction
Colorectal cancer (CRC) ranks in the third line

amongst the most common cancers all over the
world. Roundly 40% of patients recur within 2
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years after resection of primary tumor by surgery.!
In the follow-up, most guidelines recommend
thoracoabdominal CT usually at 12, 36" months
after surgery or any time in case of clinical doubt
as well as routine serial carcinoembryonic antigen
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(CEA) and carbohydrate antigen 19-9 (Ca 19-9)
assays.? Imaging has the main role for the evalu-
ation of metastatic spread during the follow-up.
Molecular imaging with 18F-fluorodeoxyglucose
positron emission tomography combined with
computed tomography (*F-FDG-PET/CT) is the
most recent modality for this purpose.® ¥F-FDG-
PET/CT has been used for baseline staging, assess-
ment of treatment response and restaging of CRC
as in many other cancers and is concerned to be
more sensitive and specific imaging method than
routine tools in cases of dubious recurrence and/
or metastasis.>

CEA is expressed by a lot of epithelial tumors
and its serum levels may increase in non-malig-
nant conditions such as inflammatory bowel dis-
eases.* Approximately 70% CRC patients exhibit an
elevated CEA level at the time of diagnosis and this
fact made it a routine monitoring marker for the
disease recurrence.5® Nevertheless, recent studies
of meta-analyses revealed controversies about its
utility for the detection of recurrence with a sensi-
tivity of 64% and a specificity of 90% which might
be considered poor as a biomarker on its own goal.”
Ca 19-9 assays have also a poor performance. It has
been reported that Ca 19-9 was positive only in 20-
40% of metastatic CRCs.®

BE-FDG-PET has the ability to detect recurrent
CRC (as in many other cancers), through patho-
logically increased tissue metabolism, which pre-
cedes the appearance of morphological chang-
es.3910 BE_.FDG-PET, however has some intrinsic
limitations and its use in the monitoring of CRC is
vexed.!1? Latest data offer no indication except the
cases with inconclusive CT with suspicion of dis-
tant metastasis or in the existence of negative CT
and serial CEA rises.!® Some current interventions
on F-FDG-PET/CT such as dual-time or voxel-
based dual-time parametric imaging and use of
metabolic tumor parameters have been suggested
to improve its diagnostic accuracy in several can-
cers.!* Previously, quantitative analyses based on
volume-of-interest FDG uptake were introduced.
Maximum standardized uptake value (SUVmax) is
the vanguard of them. Determination of a cutoff lev-
el of SUVmax which differentiates between benign
conditions and recurrence of CRC would certainly
be helpful. The goal of this paper is to appraise
clinical significance of 18F-fluorodeoxyglucose up-
take on FDG-PET/CT in the aftermath of primary
curative surgery and/or chemoradiotherapy with
respect to recurrence in patients with CRC. We also
aimed to research the diagnostic power of ¥F-FDG-
PET in recurrent CRC over total lesion glycolysis

(TLG), the difference of SUVmax on dual-time
imaging, calculation of a cutoff point of SUVmax
discriminating metastasis/recurrence from benign
conditions on restaging *F-FDG-PET/CT.

Patients and methods

This retrospective cohort study was carried out be-
tween 2011 and 2016. It was conducted at nuclear
medicine department of a tertiary health care hos-
pital. Inclusion criteria were: histopathologically
proven CRC by surgical specimen after primary
curative surgery, pathologic FDG uptake on con-
trol (evaluation of treatment response) *F-FDG-
PET/CT or restaging '®F-FDG-PET/CT performed
for the existence of suspicious recurrence or metas-
tasis by routine conventional screening methods in
the follow-up, confirmation of all these abnormal
uptakes by colonoscopy or histopathologic exami-
nation. All cases were treated by surgery and/or
chemoradiotherapy. The files of the patients were
retrieved from the archive and looked over retro-
spectively.

We evaluated the lesions on ®F-FDG-PET/CT in
53 patients. Indications for ®F-FDG-PET/CT were
suspicion of recurrence/metastasis (27 patients)
and treatment response monitoring (26 patients).
Elevated CEA and/or Ca 19-9 levels raised the sus-
picion of recurrence in 10 cases, conventional im-
aging (CT or MRI) in 17 cases. All foci of FDG up-
take were confirmed by colonoscopic findings and/
or histopathologically. Normal range of Ca 19-9 is
0-35 U/mL, CEA < 2.5 ng/ml for nonsmokers and <5
ng/ml for smokers.

8F-FDG-PET/CT imaging protocol

370-555 MBq of ®F-FDG, calculated according to
body weight, was administered to patients by in-
travenous injection. They fasted for 6 hours prior
to the examination and their blood glucose level
needed to be below 150 mg/dl before the injec-
tion. Image acquisition was performed 1 hour after
the injection with an integrated PET/CT scanner
(Discovery 690-GE Healthcare, W1, USA). A low-
dose unenhanced CT was performed. CT data were
obtained with the automated dose modulation
technique of 120 kVp (maximal 100 mA), collimat-
ed by 64x0.625 mm, measured field of view (FOV)
of 50 cm, noise index of 20% and reconstructed to
images of 0.625 mm transverse pixel size and 3.75
mm slice thickness. PET emission data were ob-
tained from the middle of thigh up to vertex of the
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skull while the patient was in supine position with
the arms rised over head. Acquired PET data were
in 3D mode with scanning time of 2 min per bed
position and an axial FOV of 153 mm. A standard-
ized way (random, scatter and attenuation) and it-
erative reconstruction (matrix size 256x256, Fourier
rebinning, VUE Point FX [3D] with 3 iterations, 18
subsets) were used for correction of emission data.
Dual-time ®F-FDG-PET/CT was performed in 28
patients. 105 + 10 minutes post-injection after the
completion of standard protocol, delayed imaging
for the whole abdomen with the CT scan and repo-
sitioning was performed.

Visual and quantitative interpretation

BE-FDG-PET/CT images were interpreted visually
by two nuclear medicine specialists aware of pa-
tient history. Focally or heterogeneously increased
FDG uptake, diffuse or heterogeneously increased
FDG uptake and/or soft tissue mass on CT compo-
nent, hipodense or nodular lesion on CT (with or
without FDG uptake), diffuse uptake accompanied
by wall tickening, consolidation or ambiguous
lesions on CT (with or without uptake) were ac-
cepted pathologic. SUVmax was calculated for all
patients. Other quantitative parameters of average
standardized uptake value (SUVmean), metabolic
tumor volume (MTV) and TLG were calculated in
20 cases on ®F-FDG-PET/CT. We calculated TLG
values by multiplying MTV and SUV mean. The
corresponding CT scans of lesions were used as
a guideline to demarcate them if their bounda-
ries were difficult to define for the calculation of
SUVmax.

Quantitative PET/CT parameters were calcu-
lated from a routine protocol used on a sophisti-
cated workstation (Volumetrix for PET-CT and
AW volume share 4.5, GE Healthcare, Waukesha,
WI, USA). Standard methods computed SUVmax
and SUVmean, corrected for body weight, from the
voxel having the most intense activity in three-di-
mensional tumor region on transaxial whole-body
images of attenuation-corrected PET/CT images.
MTV (cm®) was measured with a half-automatic
PET analysis computer program, having an au-
tomatic isocontour threshold method based on a
notion of being greater than 42% of the SUV max
value within the tumor.

Statistical analysis

The whole data were analysed by IBM Corp.
Released 2013. IBM SPSS Statistics for Windows,
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TABLE 1. Locations of pathologic FDG uptake

Sites of abnormal FDG uptake n
Anostomosis line (areaq) 7
Rectum 9

Rectosigmoid region 1
Liver 9
Caecum 1
Kidney 1
Abdominal mass
Presacral mass
Sigmoid region
Descending colon

Lung 1

Version 22.0. Armonk, NY: IBM Corp. Number and
percentage values were used for the description
of categorical data. Mean, median, standard de-
viation (SD), minimum and maximum values de-
scribed continuous data. Intergroup (benign condi-
tions versus malignant group) comparisons were
carried out by Mann-Whitney U test for SUVmax,
TLG and the difference between SUVmax values
of dual-time imaging. Wilcoxon test was used for
ingroup comparison between SUVmax values of
early and delayed imaging for benign and malig-
nant group. The variables having a value of p <0.05
were accepted as statistically meaningful. ROC
curve analysis was plotted to see the diagnostic
value of SUVmax on recurrent disease. Informed
consent was supposed as a retrospective study
which permitted to use records, documents and
data of patients applied on our clinic for the test.
The study was ratified by our Institutional Review
Ethics Committee (approval number 80/2016). This
study conforms to the Declaration of Helsinki.

Results

Mean age was 58.6 + 10.9 years (30-89). 24 of the
patients were male (45%), 29 of them were female
(55%). Primary tumor sites were rectum (n = 23),
sigmoid colon (n = 5) and other colonic segments
(n = 25). The most common localization of FDG
uptake was rectosigmoid region (43.3%). Locations
of pathologic FDG uptake were demonstrated in
Table 1. Sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV)
of ¥F-FDG-PET/CT in the detection of recurrence
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TABLE 2. '8F-FDG-PET/CT results, sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)

according to final histopathologic diagnosis

18F-FDG-PET/CT Results

Histopathologic diagnosis

Positive Negative Sensitivity Specificity PPV NPV Total (n)
Malignant TP =24 FN =0 24
Benign FP =14 IN=15 29
Total (n) 38 15 100% 51.7% 63.1% 100% 53

FN = False negative; FP = False positive; TN = True negative; TP = True positive

and/or metastasis were 100%, 51.7%, 63.1% and
100%, respectively. ¥F-FDG-PET/CT results and fi-
nal histopathologic diagnosis were represented in
Table 2.

BE-FDG-PET/CT was truely positive in 48% of
patients with normal Ca 19-9 and/or CEA levels
and truely negative in 10% of cases with elevated
Ca 19-9 and/or CEA levels according to histopatho-
logical confirmation or colonoscopy findings. In
the follow-up, conventional imaging tests (CT or
MRI) detected suspicious malignancy in 32% of
the patients (17/53) and further examination with
BE-FDG-PET/CT was truely negative in 35% of
these cases (6/17) according to histopathology.
BE-FDG-PET/CT findings in histopathologically
proven recurrence according to tumor markers (Ca
19-9 and/or CEA) and conventional imaging mo-
dalities (CT-MRI) were described in Table 3,4.

Mean SUVmax was 6.9 = 5.6 (1-22) in benign
group and 12.7 + 6.1 (3.6-24) in malignant group.
There is a statistically significant difference (p =
0.008) between them according to SUVmax. A box-
plot graph illustrates the distribution of SUVmax
in benign conditions versus disease recurrence
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FIGURE 1. Box-plot graph illustrating the distribution of SUVmax
through benign conditions and disease recurrence.

(Figure 1). ROC curve of SUVmax was plotted
for the differentiation between benign conditions
and malignant group (Area Under Curve: 0.755)
(Figure 2). Neverthless, sensitivity and specificity
couldn’t be calculated due to undersampling and
inconvenient SUVmax data not suggesting a de-
terminant cutoff value. There is also a statistically
significant difference between early and delayed
SUVmax values of both groups separately in them
(p = 0.013 for benign group, p = 0.012 for malig-
nant group). However, we don’t see a significant
difference between them according to early and
delayed SUVmax values (p = 0.238). Mean TLG of
malignant group was 401 + 226. Mean TLG of be-
nign group was 148 + 126 (median value: 44). The
most important and striking statistical difference
between them was found for TLG (p = 0.001).

Discussion

Recurrent disease is seen in 30-50% of patients with
CRC after curative resection.® The recurrence rate
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TABLE 3. FDG-PET/CT findings according to serum Ca 19-9 or CEA levels for

histopathologically proven recurrence

'8F-FDG-PET/CT results

Ca 19-9 or CEA levels True positive True negative

Elevated 9 1
Normal 13 14
Total (n) 22 15

Total (n)
10
27
37

TABLE 4. Overlap between '8F-FDG-PET/CT findings and conventional imaging

modalities (CT or MRI) in histopathologically proven recurrence

8F-FDG-PET/CT results

CT/MRI
Malign 11 6

True positive True negative

Total (n)

17
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FIGURE 2. ROC curve drawn fo indicate the detection and
diagnostic accuracy of SUVmax in recurrence/metastasis.

in our study was 45% and it is accordant with lit-
erature. The main goal of follow-up surveillance is
to reveal recurrences as soon as possible at an early
stage for an immediate cure.> Most of the relapsed
cases are not operable at the time of diagnosis and
1/3 of the patients with isolated locoregional or dis-
tant metastases survive 5 years."

®

Several studies have proven that *F-FDG-PET/
CT is very sensitive, but not that much specific for
detection of recurrence in CRC and affects patient
management.> Sobhani ef al.'® included 130 patients
with recurrent CRC in their study and compared
BE-FDG-PET/CT and conventional follow-up.
They found no difference in recurrence rate, but
recurrences were detected earlier by ®*F-FDG-PET/
CT. Scott et al.'” showed that ®F-FDG-PET/CT de-
tected 45 additional lesions in a multicenter pro-
spective trial of 93 patients. Lu ef al.’® studied sen-
sitivity and specificity of diagnostic CT in a meta-
analysis and found 51% and 90%, respectively. The
sensitivity and specificity of conventional imaging
tests (CT or MRI) and ®F-FDG-PET/CT were 71%,
87% and 100%, 52%, respectively in our study. In
Figure 3, example of a true positive recurrent le-
sion suspected on MRI and confirmed by ¥F-FDG-
PET/CT is shown. Maas et al.%, in a meta-analysis
of 14 studies, investigated which imaging modality
has the highest accuracy in CRC recurrence/metas-
tasis suspected clinically or because of the elevated
tumor marker levels. They reached the conclusion
that F-FDG-PET/CT is absolutely more accurate
(areas under curves were 0.94 for PET, 0.94 for
PET/CT, 0.83 for CT). We found true positivity on
BE-FDG-PET/CT in 48% of patients with normal
Ca 19-9 and/or CEA levels, although there was true
negativity in 10% of cases with elevated Ca 19-9

FIGURE 3. A female patient aged 51 years with rectum cancer was operated and treated by chemoradiotherapy. MRI findings
revealed suspected metastasis with serum CEA and Ca 19-9 in normal range during the follow-up. Her axial PET (A), CT (B), fusion
(C) and coronal PET (D), CT (E), fusion (F) images on '8F-FDG-PET/CT showed a focal uptake in sigmoid colon with a SUVmax of 13.7
and TLG of 272 accompanied by wall thickening causing a mass lesion on CT component (arrows). Histopathology established

the diagnosis as recurrence.

Radiol Oncol 2017; 51(4): 378-385.
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and/or CEA levels. All our findings are in line with
data from literature.

Although functional imaging with F-FDG PET
is a useful technique for evaluating treatment re-
sponse, it has some limitations. 8F-FDG is taken
up at a relatively higher rate in cancer cells and ac-
cumulates during glucose metabolism. However,
cancer cells are not the only cells that are metaboli-
cally hyperactive. Inflammation, infection and oth-
er non-neoplastic conditions such as hyperplastic
colorectal polyps may have increased FDG accu-
mulation.?*?! Depending upon this, PET scans have
a high sensitivity but a low specificity for CRC*
as it was also the case in our study. Compared to
PET alone, combination of PET and CT, having the
advantage of detecting metabolic abnormality with
anatomic localization, is superior in localizing le-
sions and differentiating between physiologic and
malignant uptake of FDG. The benign pathologies
diagnosed in our study were granulation tissue,
fibrin and inflammation, fibrosis, pyelonephritis,
ulceration of colonic mucosa, fibrosis and inflam-
mation, polip, as well as
changes secondary to ra-
diotherapy or operation. @

Some manipula-
tive registration or in-
tervention methods on
BE-FDG-PET/CT imag-
ing have been suggested
to increase the specificity.
Recently, Prieto et al.?2
suggested voxel-based du-
al-time "“F-FDG-PET im-
ages for brain tumors and
demonstrated that para-
metric images provided
enhanced tumor identifi-
cation. Voxel-based analy-
sis is different from VOI-
based one in that it is an
attempt enabling calcu-
lation of real increase in
delayed scan of the same
voxel. Choi et al.? inves-
tigated voxel-based dual-
time BF-FDG-PET para-
metric imaging in the
evaluation of residual tu-
mor for rectal cancer and
found promising results.
Dual-time  ®F-FDG-PET
has also been reported to
improve diagnostic accu-
racy for several cancers.!*

This is based on the different pattern of FDG up-
take in malignant tumors displaying a slow incre-
ment, whereas benign lesions show an earlier peak
and then a decline.”® Lots of benign conditions
and physiologic FDG uptakes displaying focal
or diffuse FDG accumulations in gastrointestinal
tract can be seen in patients with CRC during the
follow-up and may be confused with true patho-
logic lesions. When such a pattern is observed on
BE-FDG-PET/CT, invasive interventions (colonos-
copy, biopsy) are recommended. So it is essential
to distinguish them. An example of false positivity
is shown in Figure 4.

Miyake et al.** showed that delayed scans in-
creased correct differentiation of physiologic FDG
uptakes causing false positivities from foci of path-
ologic uptake in CRC. Yoon et al.”® reported that
dual-time ¥F-FDG-PET/CT had better accuracy in
diagnosing tumor response and recurrence. We
researched the difference of SUVmax on early and
delayed images of dual-time ®F-FDG-PET between

0)
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FIGURE 4. A female patient aged 73 years with sigmoid colon cancer was operated and treated by
chemoradiotherapy. Her serum CEA level was 3.2 ng/ml, and Ca 19-9 was 7.3 U/ml. In the evaluation of treatment
response; axial PET (A), CT (B), fusion (C) and coronal PET (D), fusion (E) images on '8F-FDG-PET/CT exhibited a diffuse
uptake in sigmoid colon with a SUVmax of 10.1 and TLG of 154 accompanied by wall thickening on CT component
(arrows). This uptake raised the suspicion of a probable recurrence, but histopathology confirmed it as benign.
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benign and malignant group. We didn’t find a
meaningful statistics and discriminative power for
this parameter.

We investigated the value of SUVmax and TLG
too. Most of the studies including SUVmax and
TLG evaluation in CRC are related to prognosis es-
timation. Marcus et al.?® declared SUVmax and TLG
to be higher in patients having bad prognosis. Gade
et al.? found a lower mean SUVmax of 8.6, Marcus
et al.?* 7.3 in recurrent CRC when compared to ours
(12.7). Shamim et al.¥ found a significant increase
according to mean SUVmax in recurrence (11.8
for recurrence versus 3.7 for benign conditions) in
a study of 32 patients with CRC. They were 12.7
for recurrence against 6.9 for benign group in our
study and there was a significant difference (p =
0.008). Giacomobono et al.® assessed SUVmax in
CRC patients with increased CEA levels and found
a worse overall survival for SUVmax values great-
er than 5.7. Inflammatory pathologies, fibrosis or
edema following irradiation and/or surgery can
also be FDG-avid and their SUVmax values can be
as high as malignant ones due to the degree of cel-
lular metabolism reflected by ¥F-FDG uptake.!!!?
Therefore, big overlaps in SUVmax values of both
benign conditions and recurrent/metastatic disease
may be seen just like in our study. However, we
found SUVmax was very helpful for the differen-
tiation of recurrent disease from benign conditions.
As our results trended towards improved diag-
nostic accuracy, a determinative cutoff value for
SUVmax was not obtained. Undersampling and
inconvenient SUVmax data didn’t let an estimated
cutoff value on ROC curve for related sensitivity
and specificity calculation.

Quantitative PET parameters have been used in
prognosis estimation and evaluation of treatment
response for several cancers. There is not a specific
study in literature which investigated metabolic
tumor parameters for the differentiation of benign
conditions from recurrence. As far as we know, our
study is the first one in literature. Higher metabolic
activity and glucose consumption of tumor cells are
measured by these parameters. SUVmax is the first
one and represents the highest FDG uptake within
the tumor. More lately volume-based metabolic
parameters emerged out. TLG is a volume-based
metabolic tumor parameter having widespread
use and increasing recognition in many cancers as
a predictor. Arslan et al.”’ reported it has a role in
prediction of survival for patients with small cell
lung cancer. Caglar et al.% investigated metabolic
tumor markers in recurrent CRC and found mod-
erate correlation. Marcus et al.* found mean TLG

Radiol Oncol 2017; 51(4): 378-385.

280, Caglar et al.*® 55 in recurrent CRC. It was 401
in our study. There was significant difference be-
tween benign conditions and recurrence according
to mean TLG and TLG was the most striking factor
for this purpose in the study (p = 0.001). Again, we
didn’t intentionally calculate a cutoff value which
could be misleading due to insufficient sampling.
But first impressions imply determinative cutoff
values for SUVmax and TLG increasing the speci-
ficity may be obtained from studies with larger
patient numbers. Higher SUVmax and TLG values
in suspected cases would favour in recurrence/me-
tastasis and support the necessary invasive inter-
ventions.

Absence of an estimated cutoff value on ROC
curve for related sensitivity, specificity calculations
due to undersampling and inconvenient SUVmax
data was a limitation in the study. The number of
subjects were small. Evaluation with larger popu-
lations is required for definitive results. Study
design was also a limitation. Ideally, prospective
studies are needed. The other limitation was that
TLG calculations and dual-time imaging could not
be performed for all the patients.

Conclusions

FDG uptake on PET/CT imaging is quite sensitive
for both benign and malignant lesions in patients
with CRC. ¥E-FDG-PET/CT appears to be very ben-
eficial in revealing especially true-negative lesions
suspected of recurrence or metastasis and may pre-
vent unnecessary treatments. Although SUVmax
is a strong metabolic parameter (p = 0.008), TLG
seems to be the best predictor in recurrence of colo-
rectal cancers (p = 0.001). Both are increasing the
specificity of ¥F-FDG-PET/CT.
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