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Abstract

AIM: To assess the prognostic value of preoperative
18 fluorodeoxyglucose positron emission tomography
(FDG-PET)/computed tomography (CT) in patients with
resectable colorectal cancer.

METHODS: One hundred sixty-three patients with re-
sectable colorectal cancer who underwent FDG-PET/CT
before surgery were included. Patient data including
pathologic stage at presentation, histology, treatment,
disease-free survival and the maximum standardized
uptake value (SUVmax) of the primary tumor on FDG-
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PET/CT were retrospectively analyzed. Median follow
up duration was 756 (range, 419-1355). The primary
end point was disease-free survival.

RESULTS: Twenty-five of 163 patients (15.3%) had
recurrences. The median SUVmax values of the re-
currence and no-recurrence groups were 8.9 (range,
5-24) and 8.2 (range, 0-23, P = 0.998). Receiver op-
erating characteristic (ROC) curve analysis showed no
significant association between SUVmax and recur-
rence (area under the curve = 0.5, P = 0.998, 95%
CI: 0.389-0.611). Because a statistically significant
value was not found, SUVmax was dichotomized at
its median of 8.6. The disease-free survival curve was
analyzed using the median SUVmax (8.6) as the cut
off. Univariate and multivariate analysis did not provide
evidence that disease-free survival rates for the sub-
groups defined by the median SUVmax were signifi-
cantly different (P = 0.52, P = 0.25).

CONCLUSION: Our study suggests that the high FDG
uptake of primary mass in resectable colorectal cancer
doesn’t have a significant relationship with tumor re-
currence and disease-free survival.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer is the third most common malignancy
and the second most frequent cause of cancer-related
deaths in the United States, with approximately 51 370
cancer-related deaths in 2010". Despite improvement in
diagnosis and treatment modalities, mortality from co-
lon cancer has decreased slightly over the past 30 years.
Therefore, methods for identifying patients at high risk
of recurrence could influence posttreatment surveillance
with the ultimate goal of improving survival.

Fluorine-18 fluorodeoxyglucose positron emission
tomogtraphy (FDG-PET) is a functional imaging method
for measurement of tumor glucose use. FDG-PET
combined with computed tomography (FDG-PET/CT)
was recently introduced and is expected to provide more
precise anatomical data along with metabolic informa-
tion. FDG-PET/CT imaging may be useful for diagno-
sis of patients with malignant disease, assessment of the
extension of disease, detection of tumor recurrence and
for monitoring responses to therapy” .

In addition, some researchers have suggested that met-
abolic activity on FDG-PET may be a predictive marker
for some types of malignancies”. Recent studies have
demonstrated that there is a correlation between the maxi-
mum standardized uptake value (SUVmax) and survival
in patients with gastrointestinal cancers such as esopha-
geal and stomach cancer!”'”. However, the prognostic
value of FDG-PET/CT for colorectal cancer is less well
studied. Several studies have found that metabolic activ-
ity on FDG-PET/CT is correlated with tumor biology
and survival in colon cancet!” ", However, these studies
were limited by experimental studies, small numbers of
patients, and one report focused on stage IV colorectal
cancer', Therefore, in this study, we evaluated FDG-
PET/CT imaging of patients with resectable colorectal
cancer and determined whether metabolic activity is cot-
related with recurrence and disease-free survival.

MATERIALS AND METHODS

Patients

We retrospectively reviewed the tumor registry at our
institution and identified all patients who were diagnosed
with colorectal cancer and underwent curative resection
between January 2006 and June 2008. Patients were re-
quited to have undergone the FDG-PET/CT study be-
fore surgery and to have received no treatment before the
FDG-PET/CT. Primary colorectal cancer was confirmed
by endoscopic biopsy. Patients who received neoadjuvant
treatment or had a previous history of another malig-
nancy were excluded. Patients with colorectal perforation

(49

Boishidongs  WIG | www.wjgnet.com

Lee JE et a/. FDG-PET in resectable colorectal cancer

or less than 1 year of follow-up were also excluded. Pa-
tients who did not receive adjuvant therapy despite lymph
node-positive cancer were excluded from the analysis.

All patients underwent full imaging of the colon by
colonoscopy unless an obstructing lesion was encoun-
tered. In this instance, colonoscopy was performed after
recovery from surgical treatment. All surgeries were per-
formed by two experienced colorectal surgeons.

Data were collected on demographic details, tumor
node metastasis (TNM) and Duke staging at presentation,
recurrence, histology, survival, disease-free survival, and
SUVmax of the primary tumor. Tumor stage was classi-
fied according to the sixth edition of the TNM classifica-
tion of the Union for International Cancer Control''.

A total of 163 patients (65 women and 98 men) were
eligible for this study. The median age of the patients
was 60 years (range, 30 to 81 years).

Patient anonymity was preserved and the Institution-
al Review Board of Seoul St. Mary’s Hospital approved
the study. The study protocol was in complete compli-
ance with the Declaration of Helsinki, as revised in Ed-

inburgh in 2000.

Positron emission tomography imaging

All patients were fasted for at least 6 h before FDG in-
jection; their blood glucose levels were determined from
capillary blood samples collected before intravenous
FDG injection. In our institution, the cut-off blood glu-
cose level that contraindicates FDG injection is 8 mmol/L.

PET images were acquired 1 h after injection of
370-570 MBq of 18F-FDG. The patients were scanned
generally from the base of the skull to the upper thighs
with their arms raised above their heads.

FDG/PET-CT images wete reviewed using fusion
software (Syngo, Siemens; Knoxville, TN). An experi-
enced nuclear medicine physician reviewed the PET/CT
images. PET, CT and fused whole-body images displayed
in axial, coronal, and sagittal planes were available for
review. The PET data were also displayed as a rotating
maximum-intensity projection. Abnormal FDG uptake,
SUVmax of the primary tumor and distant metastases
were evaluated.

Treatment and follow-up

All patients who were included in this study underwent
curative resection based on a standardized technique and
principle, which were not changed during the period of
this study. Curative resection was defined as achieving
complete microscopic/mactroscopic clearance with no
evidence of metastatic spread (except resectable liver or
lung metastasis) at the time of sutgical resection. The
surgical margins were reported by experienced patholo-
gists and all the margins were clear.

After curative resection of the tumor, adjuvant che-
motherapy or chemoradiotherapy were indicated for all
patients with lymph node-positive colorectal cancer. Pa-
tients were scheduled for follow-up visits every 3-6 mo
for the first 2 years, every 6-12 mo for up to 4 years, and
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Characteristic Value
Age (yr), median (range) 60 (30-81)
Male/female, n 98/65
Stage, n

I 23

I 67

i 64

I\Y% 9
Follow-up duration (d), median (range) 756 (419-1355)
Recurrence, 1 25
Death, n 3

annually thereafter. Follow-up evaluations included phys-
ical examinations at each visit, analysis of carcinoem-
bryonic antigen (CEA) levels, abdominal and pelvic CT
scans, and chest X-rays. A colonoscopy was performed
1 year after resection and then as indicated clinically. Ab-
normal physical findings or laboratory results mandated
further screening with ultrasonography, CT, magnetic
resonance imaging, or FDG-PET/CT, as indicated ac-
cording to the clinician’s decision.

Sample size calculation

In the previous study, the 2-year survival rates for an
SUVmax of less than 10 and an SUVmax of 10 or more
were 90% and 65%, respectivelym. Based on the find-
ings of our previous report, we hypothesized that the
high SUVmax group would have a higher recurrence rate
(the assumed odds ratio was 3 or more). The assumed
odds ratio was decided based on the previous study for
other malignancies, such as lung cancer and stomach
cancer. We calculated that 163 patients would be re-
quired to detect these differences with an alpha level of
0.05 and a power of 0.80.

Statistical analysis

The predictive value of SUVmax for tumor recurrence
was determined by analysis of the area under the re-
ceiver operating characteristic (ROC) curve. Because a
statistically significant value was not found, SUVmax
was dichotomized at its median of 8.6. The significance
of the predictive value was analyzed by log-rank testing
in univariate analysis and by Cox proportional hazards
regression testing in multivariate analysis.

For statistical analysis, group means were compared
using the Mann-Whitney or ;{2 tests, and disease-free
survival was evaluated using a Kaplan-Meier survival
analysis. For all tests, a P value of < 0.05 was considered
statistically significant. All statistical analysis were per-
formed using the Statistical Package for Social Sciences
(SPSS), version 16 (SPSS, Chicago, 1L).

RESULTS

Patient characteristics
The characteristics of the 163 patients enrolled in this
study are shown in Table 1. The pathologic tumor stages
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Figure 1 Receiver operating characteristic curve for prediction of recur-
rence from the maximum standardized uptake value. AUC: Area under curve.

were stage [ in 23 patients, stage I in 67 patients, stage
Il in 64 patients, and stage IV in nine patients. Nine
patients with stage IV tumors had metastases confined
to the liver. Metastatic nodules on the liver numbered 1 or
2. The median size of the metastatic nodules was 1.2 cm
(range, 0.5-2.5 cm). During the follow-up, recurrence
was observed in 25 of 163 patients (15.3%). Three pa-
tients died with a median follow-up of 25.2 mo.

SUVmax and recurrence

The median of SUVmax of the primary tumor was 8.6.
ROC curve analysis showed no significant association
between the SUVmax and recurrence (area under the
curve = 0.5, P = 0.998, 95% CI: 0.389-0.611; Figure 1).
As survival in patients with colorectal cancer is stage
related, ROC curve analysis was conducted according to
tumor stage. Patients with stage [ tumors were excluded
because they had no recurrence. Three ROC curves (stage
II and II). None showed a statistically significant result.
ROC curves according to stage showed that SUVmax
was not a valid marker for predicting recurrence. Because
a statistically significant value was not found, SUVmax
was dichotomized at its median of 8.6. The disease-free
survival curve was analyzed using the median SUVmax
(8.6) as the cut off (Figure 2).

In a comparison between two groups differing in
median SUVmax, tumor size (P = 0.02) and T stage (P
= 0.018) showed significant differences. However, tu-
mor recurrence, N stage, M stage, and histologic grade
showed no significant differences (Table 2).

A disease-free survival curve calculated according to
the Kaplan-Meier method for SUVmax of the primary
tumor is shown in Figure 3 and Table 3. The difference
in disease-free survival of patients categorized by me-
dian SUVmax was not statistically significant (P = 0.53).

After multivariate survival analysis, N stage and el-
evated CEA were independent prognostic predictors for
disease-free survival (Table 4).
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Figure 2 Receiver operating characteristic curves for prediction of recurrence from the maximum standardized uptake value and subgroup analysis according
to stage. A: Subgroup analysis according to stage II'; B: Subgroup analysis according to stage IIl; C: Subgroup analysis according to stage IV. AUC: Area under curve.

Table 2 The maximum standardized uptake value and clinico-

pathologic characteristics

Table 3 Two-year disease-free survival according to the
Kaplan-Meier method

SUVmax <  SUVmax = P value
8.6 (n = 80) 8.6 (n = 83)
Age (yr), median (range) 61.0 (37-81)  60.0 (30-81) 0.799
Sex (male), n 47 51 0.872
Stage, n 0.346
I 15 8
I 33 34
il 28 36
v 4 5
Tumor size (cm), median (range) 4.0(2-135) 45(24-95) 0.02
T stage, n 0.01
1 5 3
2 12 8
3 59 57
4 4 15
N stage, 0.955
0 47 44
1 17 24
2 16 15
M stage, n 0.562
0 76 78
1 4 5
Histology 0.54
WD 6 7
MD 71 67
PD 4
Mucinous 3 5
Median follow-up (d) 776 756 0.285
Recurrence, n 14 11 0.509
Death, n 2 1 0.547

SUVmax: Maximum standardized uptake value; WD: Well-differentiated
adenocarcinoma; MD: Moderately differentiated adenocarcinoma; PD:
Poorly differentiated adenocarcinoma; T: Tumor; N: Node; M: Metastasis.

DISCUSSION

FDG-PET/CT has been proposed for use in the diagnosis
and staging of several malignancies[4]. Furthermore, recent
studies have demonstrated that there is a correlation be-
tween SUVmax and survival in patients with gastrointesti-
nal cancers such as esophageal and stomach cancer"""?,
This study focused on the role of FDG-PET/CT in
providing prognostic information on patients with resect-
able colorectal cancer. We analyzed whether the SUVmax
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Variable No. of patients Two-year DFS (%) Log-rank P
Age (yr) 0.29
=60 81 90.1
<60 82 85.4
Sex 0.08
Male 98 83.7
Female 65 93.8
TNM stage <0.01
I 23 100
il 67 98.5
il 64 78.1
I\% 9 444
SUVmax 0.53
= 8.6 83 86.7
<8.6 80 88.8
CEA (ng/mL) <0.01
>5 36 72.2
<5 123 93.5

DFS: Disease-free survival; TNM: Tumor node metastasis; SUVmax: Maxi-
mum standardized uptake value; CEA: Carcinoembryonic antigen.

Table 4 Multivariate Cox regression analysis of disease-free

survival

Variable Relative risk 95% CI P value
SUVmax = 8.6 0.8 0.35-2.16 0.76
T stage (T3, T4) 31 0-6.6 0.94
N stage (N2) 9.78 2.01-49.5 0.01
M stage (M1) 251 0.78-7.98 0.12
Age = 60 yr 0.6 0.35-2.16 0.35
Male 1.9 0.71-5.15 0.20
CEA >5ng/mL 3.2 1.26-8.42 0.02

SUVmax: Maximum standardized uptake value; CEA: Carcinoembryonic
antigen; T: Tumor; N: Node; M: Metastasis.

in the primary mass was associated with recurrence and
disease-free survival. Our study demonstrates that the
SUVmax of the primary mass in patients with resectable
colorectal cancer provides no prognostic information.
FDG-PET/CT is a molecular imaging tool that moni-

tors tissue glucose metabolism'"”. The biologic correla-
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Figure 3 Disease-free survival according to the maximum standardized
uptake value. SUVmax: Maximum standardized uptake value.

tions of FDG accumulation are less well studied for
colorectal cancer than for other cancers. That cellular
glucose metabolism may be correlated with tumor growth
and aggressiveness has been suggested in some stud-
ies" ™", Previous in vitro and clinical studies indicated an
association between elevated FDG uptake and colon tu-
mor glucose metabolism, such as the activity of GLUT1,
Ki-67, and p53"**%. A study by Gu ez a/*” indicated
that tumor size and depth of invasion were associated
with higher SUVs in both primary colon tumors and
hepatic metastatic foci. However, the study was limited
by a small sample size (20 patients) and survival analysis
was not performed. The other report demonstrated that
a high SUVmax is correlated with poor prognosis and
predicts mortality for patients with colorectal cancer
after liver metastasectomym. However, in this study,
the highest SUVmax value was selected regardless of
whether the lesion was primary or metastatic. In addi-
tion, the authors did not state whether complete resec-
tion was achieved and multivariate analysis of prognostic
factors was not performed. Past studies that showed a
correlation between survival and SUV were focused on
stage IV colorectal cancer. In this study, we included only
resectable colotrectal cancers, in which clinicians are most
interested. The main prognostic factors for disease-free
survival were tumor stage, especially nodal stage, and
elevated CEA. The SUVmax of the primary tumor was
not a significant prognostic factor.

There are several limitations to this study. First, this
study was a retrospective review with variation between
treatment protocols. However, to reduce the hetero-
geneity of the study population, we excluded patients
who did not receive adjuvant therapy, despite a positive
lymph node status. Most adjuvant regimens consisted
of FOLFOX (infusion of 5-fluorouracil, leucovorin,
and oxaliplatin). Second, the duration of follow-up was
relatively short. However, a recent analysis showed that
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most relapses occur within 2 years of surgery. This study
suggested that disease-free survival after 2 and 3 years of
follow-up is an appropriate end point for clinical trials
in the adjuvant settingm. Third, immunohistochemical
information on glucose metabolism in colorectal cancer
was unavailable. Therefore, a biological explanation for
the correlation between FDG accumulation and the be-
havior of the tumor was not suggested.

In conclusion, our study suggests that high FDG up-
take of the primary mass in resectable colorectal cancer
is not associated significantly with tumor recurrence or
disease-free survival.
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