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Abstract

AIM: To evaluate whether FDG-positron emission tom-
ography (PET)/computed tomography (CT) may be an
accurate technique in the assessment of the T stage in
patients with colorectal cancer.

METHODS: Thirty four consecutive patients (20 men
and 14 women; mean age: 63 years) with a histologi-
cally proven diagnosis of colorectal adenocarcinoma and
scheduled for surgery in our hospital were enrolled in
this study. All patients underwent FDG-PET/CT preop-
eratively. The primary tumor site and extent were evalu-
ated on PET/CT images. Colorectal wall invasion was
analysed according to a modified T classification that
considers only three stages (< T2, T3, T4). Assessment
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of accuracy was carried out using 95% confidence inter-
vals for T.

RESULTS: Thirty five/37 (94.6%) adenocarcinomas
were identified and correctly located on PET/CT images.
PET/CT correctly staged the T of 33/35 lesions identified
showing an accuracy of 94.3% (95% CI: 87%-100%).
All T1, T3 and T4 lesions were correctly staged, while
two T2 neoplasms were overstated as T3.

CONCLUSION: Our data suggest that FDG-PET/CT
may be an accurate modality for identifying primary tu-
mor and defining its local extent in patients with color-
ectal cancer.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

In patients with colorectal cancer, accurate preoperative
staging is essential for the planning of optimal therapy
considering the many therapeutic options available.
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Correct evaluation of the local extent (T) of the tumor
and of the regional lymph nodes (N) is crucial since it
influences the local surgical approach as well as the thera-
peutic management of the distant metastases (M). Various
treatments of the primary tumor are available including
radical or limited resection, palliative derivative surgery,
local excision, laparoscopic surgical approach, preopera-
tive neoadjuvant chemotherapy and/or radiotherapy: for
example the laparoscopic surgical approach is used prefer-
entially for T'1 and T2 staged tumors; preoperative neoad-
juvant therapy for advanced rectal cancer (T3, T4); limited
resection or palliative derivative surgery for diffusely inva-
sive cancers' . Moreover, only if the whole primary tu-
mor mass can be completely removed, the surgical option
for liver, lung or non-regional lymph nodes metastases is
considered® .

In daily practice, tumor size and infiltration of adja-
cent structures in colorectal cancer are assessed initially
by contrast-enhanced computed tomography (ceCT)!" .,
Magnetic resonance imaging (MRI) and endorectal ultra-
sound (US) represent an accurate diagnostic option for
rectal cancer”"”,

Non-enhanced FDG-positron emission tomography
(PET)/CT™* and more recently contrast-enhanced
FDG-PET/CT (PET/ ceCT)[ZZ’M, are gaining a progres-
sively more important role in the evaluation of the N and
the M stages in the staging and follow-up of colorectal
cancer, however, the performance of this modality in the
evaluation of the T parameter has not been extensively
investigated. A single study has recently proposed the
evaluation of TNM staging by PET/CT colonography in
patients with colorectal cancer and reported good assess-
ment of the T parameter'®”; the PET/CT colonography
protocol requested previous bowel preparation with a
solution containing polyethylene glycol-electrolytes, the iv
injection of N-butyl scopolamine, administration of a rec-
tal water enema, a water-based negative oral contrast agent
assumption and the iv injection of iodinated contrast
medium. This protocol may not be tolerated well by some
patients, can be time consuming, is not recommended in
patients with impaired renal function and requires addi-
tional costs.

The aim of this study was to evaluate whether FDG-
PET/CT, without iv contrast medium or colonography
technique, may be considered a proper diagnostic tool in
the assessment of local primary tumor extent (T) in pa-
tients with colorectal cancer.

MATERIALS AND METHODS

Patients
The study protocol was approved by our institutional re-
view board and informed consent was obtained from all
patients.

The study population consisted of 34 consecutive
patients (20 men and 14 women; age range, 29-81 years;
mean age: 63 years) with a histologically proven diagnosis
(the histological specimen was obtained during conven-
tional colonoscopy) of colorectal adenocarcinoma and
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scheduled for surgery in our hospital. Exclusion criteria
were refusal to participate in the study.

Before surgery all patients underwent FDG-PET/CT
in our Institution. Surgery was scheduled within 10 d of
the examination, with the exception of three patients with
rectal cancer who underwent neoadjuvant radio-chemo-
therapy after PET/CT and before surgery.

PET/CT technique

Dual modality imaging was petformed with a PET/CT
system (Discovery-LS, GE-Medical-Systems, Milwaukee,
USA) consisting of a PET scanner and a four-row MDCT
system.

All patients had been instructed to fast for a minimum
of 6 h prior to the examination. Blood glucose levels were
found to be in the normal range prior to 18FDG injection
by blood sampling. PET/CT was cartied out 60 min after
iv administration of 370 MBq of 18FDG.

MDCT scans were acquired from the base of the skull
to the upper thighs using the following parameters: 4 mm
X 5 mm collimation (140 kV, 80 mAs), 0.5 s rotation time,
a pitch of 6. 18FDG-PET data were acquired with the
patient in the same position on the table at four bed posi-
tions (5 min for each bed position) covering the same field
of view as CT.

Data obtained from the CT acquisition were used for
attenuation correction of 18FDG-PET emission data.
18FDG-PET images were reconstructed with a 4.5 mm
thickness.

18FDG-PET, CT and fused 18FDG-PET/CT images
were teviewed on the dedicated workstation (Xeletis, GE
Medical System).

Imaging interpretation

PET/CT examinations were interpreted before surgery by
two pairs of observers, each pair composed of a radiolo-
gist and a nuclear medicine physician (each with > 5 years
of experience). The images were interpreted jointly within
each pair and independently by the two pairs of observers.
In cases of disagreement, a consensus panel consisting of
the original four observers plus a third blinded party (with
10 years experience) made the final decision.

PET/CT images were evaluated to determine the pti-
mary tumor site and extent and the lymph nodes status.

For determination of the primary tumor site and ex-
tent, and the lymph nodes status, each pair of observers
could use the CT, the PET and the fused PET/CT images
individually and simultaneously in no established order.
This approach was dictated by the aim of our study which
was to evaluate PET/CT exclusively as a single complex
technique for local colorectal cancer staging.

For the localization of each lesion, the large intestine
was divided into nine anatomic segments: rectum, rectos-
igmoid colon junction, sigmoid colon, descending colon,
splenic flexure, transverse colon, hepatic flexure, ascend-
ing colon and caecum.

For the identification of each lesion, the tumor had
to be depicted either morphologically or metabolically
(a polypoid, annular, semiannular or flat lesion had to be
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associated with focal abnormal FDG uptake, or focal ab-
normal FDG uptake had to be associated with a polypoid,
annular, semiannular or flat lesion).

Abnormal FDG uptake was defined as focal increased
activity higher than the background activity of soft tis-
sues. The evaluation of each focal radiotracer uptake was
qualitative and quantitative (the standard maximum uptake
value (SUVmax) was calculated; the SUVmax was defined
as abnormal when it appeared to be higher than the SU-
Vmax of the background activity of soft tissues). Diffuse
radiotracer uptake was assumed to represent normal or
non-malignant bowel activity.

Colorectal wall invasion was analysed according to
a modified T classification)"” that considers only three
stages (< T2, T3, T4). A parietal lesion concentrating
the 18-FDG in the absence of extra-parietal radio-tracer
uptake, was considered as a tumor confined to the bowel
wall and defined as a < T2 lesion. A tumor either with
a spiculated outer contour or with rounded or nodular
advancing edges showing intra- and extra-parietal radio-
tracer uptake was defined as a T3 lesion. A tumor infiltrat-
ing into adjacent organs as suggested by their increased
glucose metabolism was defined as a T4 lesion.

Lymph node metastasis was evaluated in regional
lymph nodes. The diagnosis of an abnormal lymph node
on PET/CT was based on the presence of focal increased
FDG uptake at a location that corresponded to a lymph
node regardless of its size on CT scan. N1 was defined as
focal FDG uptake in not more than three lymph nodes,
while N2 was defined as focal FDG uptake in more than
three lymph nodes.

On co-registered PET images, the SUVmax was cal-
culated on the primary tumor as well as on contiguous
organs appearing to be involved as well as on the lymph
nodes with focal increased glucose metabolism.

Standard of reference

The standard of reference was represented by surgical
findings and histopathological analysis of the surgical speci-
mens.

Localization of the tumor was defined during surgical
exploration.

Tumour invasion (T) and lymph node status (N) were
based on the TNM classification of the surgical speci-
men.

Three patients with rectal cancer underwent neoadju-
vant radio-chemotherapy after PET/CT and before sut-
gery: considering the potential downstaging of the tumor,
the T and the N evaluation obtained with both MRI and
endorectal US was used as the standard of reference.

Statistical analysis

Data are expressed as mean * one SD or as proportion
as appropriate. A commercial statistical software package
was used (MedCalc®). Differences between continuous
data were assessed using analysis of variance with post-
hoc multiple groups compatison (Student-Newman-Keuls
test). Categorical data were evaluated by XZ analysis, Fish-
er exact test, and McNemar test, as appropriate. Logistic
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Histology
T<2 T3 T4 Total
PET/CT
T<2 6 0 0 6
T3 2 21 0 23
T4 0 0 6 6
Total 8 21 6 35

PET/CT: Positron emission tomography/computed tomography. x* 58.9,
(P <0.0001). Accuracy: 94.3% (95% CI: 87%-100%).

analysis was used to evaluate significant determinants. A
P value < 0.05 was considered significant.

RESULTS

Standard of reference

A total of 37 adenocarcinomas were found in the surgical
specimens. Two synchronous lesions were found in 3 out
of 34 patients (8.8%). Three adenocarcinomas showed a
mucinous component on histopathological examination.

The regional distribution of the 37 tumors was as
follows: rectum (# = 6), rectosigmoid colon junction (#
= 4), sigmoid colon (# = 15), descending colon (z = 3),
transverse colon (# = 1), hepatic flexure (# = 3), ascending
colon (» = 2) and caecum (1 = 3).

Five out of 37 (13.5%) tumors were classified as stage
T1, 5 out of 37 (13.5%) as stage T2, 21 out of 37 (56.8%)
as stage T3 and 6 out of 37 (16.2%) as stage T4. All three
adenocarcinomas with a mucinous component were classi-
fied as T4.

Twenty one out of 37 (57%) lesions were classified as N-
and 16 out of 37 (43%) as N+ (13/16 as N1 and 3/16 as
N2).

Tumour identification and location

Thirty five out of 37 (94.6%) adenocatcinomas were iden-
tified and correctly located on PET/CT images. In two
patients no lesions were disclosed on PET/CT images: the
two lesions which were missed were located in the trans-
verse colon and the sigmoid colon, respectively, and were
flat and confined to the colonic wall resulting in T'1 stage
on histopathological examination, and measured 15 mm
and 16 mm, respectively.

Tumour T staging

PET/CT cortrectly staged (Table 1) the T of 33/35 le-
sions identified, showing an accuracy of 94.3% (95% CI:
87%-100%). All T1, T3 and T4 lesions were correctly
staged, while two T2 neoplasms, located in the sigmoid
colon and rectum, respectively, were overstated as T3 (Fig-
ures 1 and 2).

For the six lesions correctly classified as T4, PET/CT
showed infiltration of the uterus (# = 1), of the ovaty (#
= 2), of the small bowel (» = 1) and of the peritoneum (z
= 2) (Figures 3 and 4).
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Figure 1 The computed tomography (A) and fused positron emission
tomography/computed tomography (B) images. A: Neoplastic thickening
of sigmoid colon walls, which show regular profiles with normal appearance of
perilesional fat (arrow); B: Uptake of 18-FDG (arrow) (SUVmax 11) in the ab-
sence of extra-parietal radio-tracer uptake. The lesion was correctly classified
as < T2.

Istologia Histology
N+ N- Total
PET/CT
N+ 12 3 15
N- 4 15 19
Total 16 18 34

PET/CT: Positron emission tomography/computed tomography. y* 9.5, (P
< 0.005). Accuracy: 79.4% (95% CI: 66%-93%).

The SUVmax of the identified lesions ranged from 1.8
to 27 with a mean of 14.3 + 5.8. Stratifying for T stages,
the SUVmax of the T1 tumors ranged from 1.8 to 14
with a mean of 6.9 £ 6.4, the T2 tumors ranged from 10
to 25 with a mean of 13.9 * 6.3, the T3 tumors ranged
from 5.7 to 27 with a mean of 15.3 £ 5.5, and the T4
tumors ranged from 9.4 to 21 with a mean of 14.7 * 4.7.
No statistically significant difference between the SUV-
max of each T group was found.

The SUVmax of the contiguous organs infiltrated
ranged between 3.6 and 20 with a media of 11.5 £ 6.2.

Tumour N staging
PET/CT cortectly staged (Tables 2 and 3) the N of 27/34
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Figure 2 The computed tomography (A) and fused positron emission
tomography/computed tomography (B) images show diffuse and irregular
neoplastic thickening of sigmoid colon walls, which show rounded ad-
vancing margins with intense radiotracer uptake (arrows) (SUVmax 13).
The lesion was correctly classified as T3.

Histology
NO N1 N2 Total
PET/CT
NO 15 4 0 19
N1 3 9 0 12
N2 0 0 3 3
Total 18 13 3 34

PET/CT: Positron emission tomography/computed tomography. x> 43.6,
(P <0.001). Accuracy: 79.4% (95% CI: 66%-93%).

patients, showing an accuracy of 79.4% (95% CI: 66%-
93%). There were three false positive and 4 false negative
results. 15/18 N0, 9/13 N1 and 3/3 N2 lesions were cot-
rectly classified.

The SUVmax of the lymph nodes with focal increased
radio-tracer uptake ranged from 1.6 to 10.3 with a mean
of 5.5 % 3.1. No statistically significant differences be-
tween the SUVmax of each N group were observed.

DISCUSSION
Our data shows that FDG-PET/CT is a useful diagnostic

tool in identifying primary tumor extent in patients with
colorectal cancer: the T stage of 33 out of 35 (94.3%)
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Figure 3 The computed tomography (A) and fused positron emission
tomography/computed tomography (B) images show a neoplastic lesion
of the caecum concentrating the radio-tracer (short arrows) (SUVmax
9.6). Focal radio-tracer uptake (SUVmax 3.6) of a contiguous ileal loop was
disclosed on positron emission tomography/computed tomography (B) (long
arrow) consistent with a short concentric wall thickening (A) (long arrow): the
finding was suggestive of small bowel infiltration. The lesion was correctly clas-
sified as T4.

neoplastic colorectal lesions was correctly identified as
well as the N stage of 27/34 (79.4%).

One of the major strengths of PET/CT as a cancet
staging modality is its ability to identify systemic metas-
tases. At any phase of cancer evaluation, the demonstra-
tion of systemic metastases has profound therapeutic and
prognostic implications. Only in the absence of systemic
metastases does nodal status become important, and only
when unresectable nodal metastasis has been excluded
does T stage become important. There are now accumu-
lating data to suggest that PET/CT could be used as the
first, rather than the last test to assess M and N stage in
the evaluation of cancers”. In this scenatio, it would also
be desirable for PET/CT to be accurate in the evaluation
of the T stage. As a consequence, there is a great oppor-
tunity to use PET/CT as an all-in-one staging imaging
modality in oncologic patients, and subsequently selecting
and tailoring the performance of anatomically-based im-
aging modalities without or with iv contrast medium (US,
MR, CT) to better define the abnormalities identified by
PET/CT, when this information would be of relevance to
management planning;

For these reasons, neither comparing the performance
of PET/CT with other non-invasive imaging modalities
nor investigating the added value of FDG information
to CT data nor defining what was the contribution of
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Figure 4 The fused positron emission tomography/computed tomography
images show a neoplastic lesion of the sigmoid colon concentrating the
radio-tracer (arrow) (SUVmax 14.6) (A) and focal radio-tracer uptake of the
left ovary (arrow) (SUVmax 9) (B): the finding was suggestive of ovarian
infiltration. The lesion was correctly classified as T4.

each component (PET, CT and fused PET/CT images)
were our goals. On the contrary, the aim of our study
was exclusively to evaluate PET/CT as a single complex
technique in colorectal cancer T staging, comparing its
performance directly with the gold standard of histologi-
cal results.

In colorectal cancer, accurate assessment of the T
stage and tumor size may aid in determining the cor-
rect way to access the lesion (local endoscopic excision,
laparotomy, laparoscopy, or transanally), or the modality
of surgery (radical or limited resection, palliative derivative
surgery). Moreover, for rectal cancer, the T stage will be
of major clinical relevance since its accurate preoperative
assessment may help to select patients who will benefit
from neoadjuvant therapy compared with resection alone.

In colorectal cancer, although various imaging modali-
ties have been proposed for TNM staging, ceCT widely
represents the first diagnostic step due to relatively low
cost and widespread availability. For T' staging, endorectal
US and MRI are becoming mandatory in the management
of rectal cancer'” . For N staging, malignant lymph
node identification remains a problem and the use of
the size criteria may lead to misdiagnosis: evaluation of
the outline of the node and the features of signal inten-
sity with MRI""**" as well as the assessment of glucose
metabolism with PET/CT"*" have been shown to be
more reliable. For M staging, particularly for liver me-
tastases, the optimal imaging staging strategy has not yet
been defined and the role of CT, MRI, PET/CT and US
is still debated™* .,

As a result, if PET/CT is used as the all-in-one im-
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aging modality in the staging of colo-rectal cancer, it is
mandatory that it is demonstrated to be accurate in the
evaluation of the T parameter, it adopts a minimal com-
plex procedure, is well tolerated by patients, is less time
consuming and is as inexpensive as possible.

Thus, the choice to perform PET/CT without the
aid of iv contrast medium and colonography has been
dictated by our interest in evaluating how accurate this
modality, in its basal condition, is in T staging. The use
of iv contrast medium allows better definition of the
boundaties of structures and colonography permits easy
identification of the primary tumor and a more accurate
assessment of its local extent' ™", However, the radio-
tracer may play the role of “metabolic contrast agent”
and is able to increase the contrast resolution of the
structures, to characterize the perilesional tissues and to
compensate for the absence of luminal distension on the
unenhanced CT images, as demonstrated in our seties in
which 95% of adenocarcinomas were correctly identified
and staged.

Moreovet, a basal PET/CT protocol also offers the
chance of colorectal cancer staging to those patients in
whom the administration of iv contrast medium is con-
traindicated or not recommended, such as patients with
impaired renal function or with an allergic history.

CT and PET/CT have limitations in distinguishing
the wall layers of the colon, as a consequence, the differ-
entiation of T1 and T2 tumors is not accurate! " ***. For
this reason we decided to classify T1 and T2 tumors as
a single group (< T2). Further technique developments
concerning CT and PET resolution may improve their
ability to differentiate the colonic wall layers and as a re-
sult T1 from T2 tumors. The distinction between T'1 and
T2 stage is not crucial for the therapeutic management
of colorectal cancer because the mandatory information
relates to whether the tumor is confined to the colonic
wall or infiltrates the surrounding tissues.

In our series, a significant difference in SUVmax be-
tween each T group was not observed. As a result, it was
not possible to identify a potential cut-off value of SUV-
max for each T stage in our population.

It is well known that normal gastro-intestinal tract can
accumulate FDG extensively, hindering pathological focal
tracer uptake or simulating the presence of a tumor. The
physiological FDG gastro-intestinal uptake was not the
cause of misinterpretation in our series, as tumors were
identified either morphologically or metabolically by the
readets.

Neither bowel peristaltism nor respiratory motion re-
sulted in mis-registered PET and CT datasets, hindering
the interpretation of images in our population.

In our series, two lesions located in the transverse
colon and in the sigmoid colon, respectively, were missed.
In both cases, retrospective re-evaluation of the colonic
segment involved allowed us to conclude that the flat
morphology of the two lesions rather than their dimen-
sions or the physiological bowel uptake hindered the
identification of these lesions.
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Although mucinous adenocarcinoma is a histopatho-
logical type of colorectal cancer known to have limited
FDG PET sensitivity, the three mucinous adenocarcino-
mas were correctly identified and staged in our series.

Nodal status was correctly evaluated in 27/34 patients
with an accuracy of 79.4%. The use of an un-enhanced
PET/CT protocol did not invalidate the N stage as shown
by our findings which are similar to those reported in
other papers”™*. Moreover, it has been demonstrated
that contrast-enhanced PET/CT shows a trend towards
more accurate N-staging of rectal cancer compared with
non-contrast-enhanced PET/ CT?. Subcentimeter posi-
tive nodes are the major source of false negative results
in nodal staging, being missed by both PET/CT with and
PET/CT without contrast enhancement™. As a result, the
spatial resolution of PET/CT is not sufficient to detect
small lymph node metastases and this limitation can not be
obviated by the administration of iv contrast material.

In conclusion, our data suggest that FDG-PET/
CT, without administration of iv contrast medium or
colonography may be an accurate modality for identify-
ing primary tumor and defining its local extent in patients
with colorectal cancer. Further investigations using larger
populations and PET/CT devices with improved spatial
resolution need to be performed to confirm our observa-
tions.
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