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in the world. Approximately 1,8 million patients were
newly diagnosed and 881,000 deaths were due to colo-
rectal carcinoma in 2018 1. Despite many cutting-edge
chemotherapeutical agents and surgical techniques, the
5-year survival rates of colorectal carcinoma are still rela-
tively low. Of all diagnosed colorectal cancer patients,
approximately 64.4% may have a 5-year survival, and
this rate decreases to 14.2% with metastatic disease 2. It
is well known that 20% of patients have distant meta-
static disease at the time of diagnosis 3.
Since total colonoscopy give a chance to visually assess
the colorectum and take samples from the suspected

Introduction

Colorectal cancer is the fourth most fre quently diagno-
sed cancer and the second leading cause of cancer death

A prospective comparative study of contrast-enhanced CT, contrast-enhanced MRI and 18F-FDG
PET/CT in the preoperative staging of colorectal cancer patients

AIM: In patients with colorectal cancer an accurate diagnostic work-up is mandatory in order to perform the most spe-
cific treatment. In this study, we aimed to evaluate the accuracy of computed tomography (CT), magnetic resonance
imaging (MRI) and 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) for
detection of regional lymph node metastases (RLNMs) and the additional value of PET/CT in the preoperative staging
of colorectal cancer. 
MATERIAL AND METHODS: From June 2015 to May 2018, 72 colorectal cancer patients were preoperatively examined
using CT, MRI, and PET/CT. Histopathological examination of regional lymph nodes were performed in 53 patients
who underwent colorectal surgery. The sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy (ACC) of CT, MRI, and PET/CT for RLNMs, and the additional value of PET/CT in distant
metastases were determined. 
RESULTS: There were 44 male and 28 female in our study. The mean age was 61±11 years. Histopathologically, 27
patients (51%) were negative and 26 patients (49%) were positive for RLNMs. The sensitivity, specificity, PPV, NPV,
and ACC of PET/CT were 88.5%, 59.3%, 67.6%, 84.2%, and 73.6%, respectively. PET/CT changed the patient
management with diagnostic contribution to the suspicious lesions identified by radiological imaging modalities.
CONCLUSION: PET/CT is a useful tool in the evaluation of colorectal cancer, and it allows to metabolically characteri-
ze undetermined lesions suspected for recurrence of disease, to perform a complete pre-surgical staging and to identify
occult metastatic disease. PET/CT should be considered an essential diagnostic tool in the management of patients with
colorectal cancer, especially in the preoperative staging.
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areas, it is the first-step diagnostic tool in this group of
patients. Although endoscopic ultrasound (EUS) is use-
ful in detecting early stage (T1) and advanced stage
(T3, T4) lesions, it is less reliable in detecting periphe-
ral lymph nodes 4. While allowing morphological asses-
sment, computed tomography (CT) has limitations in
tumors which are small-sized and confined to rectal wall,
and in normal-shaped regional lymph nodes which may
contain microscopic metastases. However, CT has fast
scanning time and can show wider areas. Therefore, lar-
ger tumors, pathological looking regional lymph nodes
and some distant metastatic foci can be demonstrated
easily with CT scan. Magnetic resonance imaging (MRI)
has a high accuracy in local evaluation, especially to
distunguish T3 lesion which consists of muscularis pro-
pria invasion or mesorectal fascia invasion (circumferen-
tial resection margin) and T4 lesion with visceral peri-
toneum, adjacent organs or musculature involvement
from T1 or T2 lesions. Regional metastatic lymph nodes
and liver metastases can also be detected in a detailed
manner with MRI 4,5. 
18F-2-fluoro-2-deoxyglucose positron emission tomo-
graphy (18F-FDG PET) has a critical role in colorectal
carcinomas as well as other malignant diseases. 18F-FDG
PET is based on the principal that tumor cells have a
high metabolic activity and 18F-FDG, which is a glu-
cose analog, accumulates after transporting into cells
without entering glycolytic pathways. Then, the areas
with high glucose consumption create hyperactive foci
due to a high tumor to background ratio. PET systems
collect all these data from whole body and convert to
3-D images with CT integration. Integrated PET/CT
not only gives metabolic activity of lesion, but also
more accurate anatomical information. In colorectal car-
cinomas, PET/CT has a limited place in local T sta-
ging due to low soft tissue spatial resolution but is very
effective in correct localization of primary tumor and
surgery planning as well as initial detection of distant
metastases. After curative treatment, it is also very sen-
sitive in detecting local recurrences and distant meta-
stases together with serum carcinoembrionic antigen
(CEA) elevations during follow-up 4-9.
Although the NCCN Clinical Practice Guidelines in
Oncology recommend conventional radiological ima-
ging techniques such as CT and MRI for the initial
evaluation of colorectal tumors 10,11, the ESMO and
SEOM guidelines for colorectal cancers recommend
that PET/CT can be used in conjunction with liver
MRI and contrast enhanced CT of the thorax, abdo-
men and pelvis to assess features at presentation asso-
ciated with a high risk of metastases, e.g. extensive
extramural vascular invasion on MRI or high levels of
CEA 12-14.
In this study, we compared three imaging modalities
in terms of diagnostic power in patients who were
newly diagnosed as either colon or rectal carcinoma and
did not receive any treatment before.
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Materials and Methods

PATIENT PROFILE

Seventy-two patients who were diagnosed pathologically
as colorectal carcinoma and referred to our department
between June 2015 and May 2018 were included in the
study. All patients were referred to our institute for
PET/CT imaging for primary staging and had not recei-
ved any treatment modality before referral. The infor-
med consent was read and signed by all participants.
This study was approved by the Institutional Review
Board of our institute (IRB No. 05.06.2015/43/14). 

DATA PROCESSING

All colorectal cancer patients were diagnosed with flexi-
ble rectosigmoidoscopic or colonoscopic biopsies. In the
preoperative period, PET/CT, CT and/or MRI images
of study patients were evaluated. Regional or distant
lymph node metastases as well as liver and lung meta-
stases were investigated and noted with all three ima-
ging modalities and the detection rates were compared.
Attention was paid for that the time interval between
radiological modalites and PET/CT not to exceed two
weeks. The histopathological report of surgical specimen
was also recorded both to determine the histopathologi-
cal type of primary tumor and its origin precisely and
to check the metastatic status of regional lymph nodes
if they had been harvested. The patients who had insuffi-
cent medical data in our hospital database were exclu-
ded from the study. All metastases detected with three
imaging modalities were proven with biopsy or serial
radiological imaging.

PET/CT IMAGING

PET/CT scans of patients were performed with
Biograph™ PET/CT system (Siemens Molecular Imaging,
Hoffman Estates, IL, USA) consisting of a PET unit
and 6-slice spiral CT in our department. The patients
were required to fast at least 6 hours before the scan,
and blood glucose level was measured to confirm that
the level was < 180 mg/dL before the 18F-FDG injec-
tion. After a 7-12 milliCurie of 18F-FDG injection, the
patients were rested in a comfortable and quiet place
with appropriate temperature for approximately 60 minu-
tes. In this period, patients received intravenous hydra-
tion, and forced urine extraction provided to prevent
urinary system artifact just before the scanning. In addi-
tion, oral opaque material was given to patients for CT
imaging from 06:00 a.m. until the 18F-FDG injection.
Whole body PET/CT images were obtained approxima-
tely 60 minutes after 18F-FDG injection, between the
skull base and the mid-thigh region. The patients were
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in the supine position with normal breathing rate during
acquisition. All images were reconstructed with an increa-
se rate of 2.4 mm and a cross-sectional thickness of 5
mm. PET emission time was adapted to the patient’s
weight; <60 kg: 2 minutes, 60-80 kg: 2.6 minutes, 80
kg: 3 minutes bed position. The given activity, time of
administration and patient’s weight were used to calcu-
late the maximum standardized uptake value (SUVmax).

IMAGE INTERPRETATION

Radiographic lymph node involvement was defined when
the longest lymph node diameter was > 1.0 cm or 0.7-
1.0 cm in size with round shape, heterogeneity, eccen-
tricity, hilar thinning, calcification, central necrosis, or
perinodal infiltration 15. If the longest lymph node dia-
meter was <1.0 cm and the configuration was normal,
lymph node was accepted suspicious.
All images were evaluated by 2 nuclear medicine physi-
cians in 3 sections (axial, coronal and sagittal) and in
3-D projection (maximum intensity projection, MIP).
The SUVmax value of focus was calculated according to
dense 18F-FDG uptake. When the measured SUVmax
value exceeded 2.5, the lymph node was considered posi-
tive. Regional lymph nodes, which showed increased
uptake and whose SUVmax value was <2.5 were accep-
ted as suspicious focus. Regional and distant metastatic
foci were evaluated with all three modalities and inclu-
ded in the study. The lesions which were accepted as
positive with imaging methods were proved with biopsy
or serial radiological or nuclear medicine imaging.

STATISTICAL ANALYSIS

We calculated the sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy for
CT, MRI, PET/CT and combinations of the 3 moda-
lities. The level of agreement between the CT, MRI and
PET/CT was evaluated using Cohen’s kappa. Statistical
analysis was carried out using IBM SPSS Statistics ver.
24.0 (IBM Co., Armonk, NY, USA). Based on the
results of analyses, the p value < 0.05 was considered to
be statistically significant.

Results

A total of 72 patients who were newly diagnosed as colo-
rectal carcinoma and did not receive any treatment befo-
re diagnostic imaging were included in the study. Table
I shows the demographical and pathological characteri-
stics of the patients. There were 44 male and 28 fema-
le patients. The mean age was 61±11 years.
Adenocarcinoma was diagnosed in 68 patients, mucinous
variant of adenocarcinoma in 3 (2 in rectum and 1 in
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descending colon) and rectal neuroendocrine carcinoma
in 1. Most of the primary tumors were in rectum (41
patients; 56,9%) followed by rectosigmoid junction (10
patients; 13,9%) and ascending colon (8 patients;
11,1%), respectively. The mean SUVmax value of pri-
mary tumor in 66 patients whose tumor was able to be
discriminated visually in PET/CT was 18,71±9,02. All
patients had PET/CT images as well as CT and/or MRI
images. Fifty-three patients had pathological report of
surgical specimen after total resection of primary tumor.
Nineteen patients had biopsy result and were followed
up without surgical operation during data collection and
referred to systemic therapy due to metastatic disease.

LYMPH NODE EVALUATION

In CT, MRI and PET/CT, mesocolic/mesorectal lymph
nodes, which were located along the lymph drainage rou-
tes of primary tumor, were evaluated. Regional lymph
nodes were harvested during surgery in 53 patients and
metastatic lymph nodes were detected in 27 patients.
Table II gives diagnostic rates of three imaging modali-
ties in patients with histopathologically proven regional
lymph nodes. PET/CT revealed positive or suspicious
regional lymph nodes in 53 of 72 patients. In the sub-
group of patients with proven metastatic lymph nodes,
sensitivity, spesificity and accuracy rates of PET/CT were
88,5%, 59.3% and 73,6%, respectively. Table III sum-
marizes the diagnostic abilities of CT, MRI, and PET/CT
in the evaluation of regional lymph node metastasis.

TABLE I - Clinicopathologic characteristics for the 72 patients under study

Patient and Tumor Characteristics (n, %)

Number of patients 72
Gender

Male 44 (61.1%)
Female 28 (38.9%)

Age (year) (mean) (SD) 61±11
Histopathology of tumor 

Adenocarcinoma 68 (94.4%)
Mucinous adenocarcinoma 3 (4.1%)
Neuroendocrine tumor 1 (1.4%)

Tumor localization
Rectum 41 (56.9%)
Rectosigmoid junction 10 (13.9%)
Sigmoid colon 5 (6.9%)
Descending colon 4 (5.6%)
Transverse colon 2 (2.8%)
Ascending colon 8 (11.1%)
Appendix 1 (1.4%)
Cecum 1 (1.4%)

Harvested metastatic regional lymph nodes 
Yes 27 (27/53; 51%)
No 26 (26/53; 49%)

SD: Standard Deviation
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Of 53 patients who had abdominal CT images, 34
patients were reported as positive or suspicious and nine-
teen patients were reported as negative on CT scans.
Two patients were reported as suspicious on CT, but
negative on PET/CT. The lesions of these two patients
were very small for metabolical evaluation and did not
show any increased FDG uptake significantly. The sen-
sitivity, specificity and accuracy rates of CT were 84,2%,
57,1% and 70,0%, respectively, and were similar to tho-
se that were found for PET/CT of patients with harve-
sted regional lymph nodes. There were a moderate agree-
ment between CT and PET/CT when the histopatho-
logic result was positive (κ value: 0,769) and a high level
of agreement between CT and PET/CT when the histo-
pathologic result was negative (κ value: 0,901). At this
point, one patient was inconsistent between the results
of both imaging methods, depending on whether the
histopathologic result was positive or negative. However,
the remaining patients had the same results in both ima-
ging methods. PET/CT gave only one more accurate
result than CT when the histopathologic result was either
positive or negative. 

Of 45 patients who had abdomino-pelvic MRI images,
32 patients were reported as positive or suspicious for
regional lymph node metastasis. There were two incom-
patible patients for these two imaging modalities. One
of the patients was reported as suspicious on MRI and
the other one as positive, but both patients were repor-
ted as negative on PET/CT. Histopathologic results of
these two patients were reported as negative. The lesions
were subcentimetric in these two patients. In addition,
27 patients were reported as suspicious or positive on
both PET/CT and MRI, and 10 patients were reported
as negative. According to the histopathologic results, the
sensitivity, specificity and accuracy rates of MRI were
93,8%, 47,4% and 68,6%, respectively. MRI revealed
slightly higher sensitivity and lower specificity rates, but
almost similar accuracy rate in comparison to other ima-
ging modalities with regard to regional lymph nodes.
When the histopathologic result was positive, there was
an excellent agreement between MRI and PET/CT 
(κ value: 1,0). That is, when the histopathologic result
was positive, both imaging methods yielded the same
result. However, both imaging modalities were negative

TABLE II - Detection rates of regional lymph node metastasis for the 72 patients under study

Regional lymph node metastasis Negative(n, %) Suspicious(n, %) Positive(n, %) Total number of patients(n, %)

18F-FDG PET/CT 26 (36.1%) 12 (16.7%) 34 (47.2%) 72 (100%)
CT 19 (35.8%) 8 (15.1%) 26 (49.1%) 53 (100%)
MRI 13 (28.9%) 8 (17.8%) 24 (53.3%) 45 (100%)

18F-FDG PET/CT: 18F-2-fluoro-2-deoxyglucose Positron Emission Tomography/ Computed Tomography
CT: Computed Tomography
MRI: Magnetic Resonance Imaging 

TABLE III - Detection rates of reginal lymph node metastasis by three imaging modalities for the 53 patients whose regional lymph nodes were
harvested during surgery

CT MR PET/CT ≥1+ ≥2+ 3+ CT & MRI CT & PET/CT MRI & PET/CT

LN + – + – + – + – + –
+ – + – + – + –
+ 16 3 15 1 23 3 24 3 23 4
8 0 8 0 16 2 15 1
- 9 12 10 9 11 16 14 13 11
16 5 8 6 7 9 12 10 9
Total 25 15 25 10 34 19 38 16 34
20 13 8 14 7 25 14 25 10
Sensitivity (%) 84.2 93.8 88.5 88,9 85.2 100.0 100.0 88.9 93.8
Specificity (%) 57.1 47.4 59.3 48,1 59.3 61.5 53.8 57.1 47.4
PPV (%) 64.0 60.0 67.6 63,2 67.6 61.5 57.1 64.0 60.0
NPV (%) 80.0 90.0 84.2 81,3 80.0 100.0 100.0 85.7 90.0
ACC (%) 70.0 68.6 73.6 68,5 72.2 76.2 71.4 71.8 68.6

CT=computed tomography; MRI= magnetic resonance imaging; PET/CT=18F-2-fluoro-2-deoxyglucose positron emission tomography/com-
put ed tomography; ≥1+=regional lymph node metastasis was suspected based on the results of more than one test; ≥2+= regional lymph
node metastasis was sus pected based on the results of more than two tests; 3+= regional lymph node metastasis was suspected based on
the results of all 3 tests; PPV=positive predictive value; NPV=negative predictive value; ACC=accuracy.
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in one patient, although the histopathologic result was
positive. Therefore, 93.75% of the results of both MRI
and PET/CT (in 15 of 16 patients) were consistent with
the histopathologic results. When the histopathologic
result was negative, the agreement decreased slightly (κ
value: 0.791). The percentage of patients that both ima-
ging methods reported as negative at the same time was
47.37% (in 9 of 19 patients). Consistent with the results
presented at Table III, PET/CT was better at detecting
the negative result than MRI. That is, PET/CT was supe-
rior to MRI in specificity.
Fifty-three patients had histopathologic reports of total
excision materials. In 27 patients (51%) who were repor-
ted as suspicious or positive in imaging modalities, meta-
stases were detected in the mesocolic/mesorectal lymph
nodes histopathologically. In 14 patients (26.4%), neither
suspicious/positive foci were detected, nor regional meta-
static lymph nodes were reported by any imaging moda-
lites. Results of 17 patients showed differences between
imaging modalities and histopathologic reports. In 14
patients (26.4%), histopathologic reports were negative
in contrast to all three imaging modalities. Additionally,
despite negative results in CT, MRI or PET/CT, histo-
pathologic examinations reported positive regional meta-
static lymph nodes in 3 patients (5.6%). 

LIVER AND LUNG EVALUATION

Histopathologically or radiologically proven metastatic
liver lesions were detected with PET/CT in 16 of 72
patients. The mean SUVmax value of metastatic liver
lesions was 13,33±6,93. MRI demonstrated liver lesions
in 9 of 36 patients who had upper abdominal MRI ima-
ges. Thirteen metastatic liver lesions detected by CT,

including 4 suspicious and 9 positive in 53 patients.
Three of 4 suspicious lesions excluded with PET/CT,
and one of these suspicious lesions ruled out with addi-
tional MRI images. Positive CT results of other 9
patients were parallel to the other imaging modalities
(Table IV). 
None of the patients had thoracal MRI images. Two
patients were reported as suspicious and six patients were
reported as positive for lung metastasis on chest CT scans
of 8 patients. The proven metastatic lung lesions were
detected by PET/CT in 7 patients. The mean SUVmax
value of lung lesions was 3,85±2,21. Two out of 8
patients were reported as suspicious on chest CT scans.
However, PET/CT detected metabolic activity in one of
them (SUVmax: 2.42). The other showed no increase in
metabolic activity suggesting that the lesion was benign.
A brain metastasis was also detected with PET/CT in
one of the patients with lung metastasis (Table V).

PATIENT MANAGEMENT

Four patients whose liver lesions were reported as suspi-
cious by CT were proved to be negative by PET/CT or
MRI images. We considered that the disease was limi-
ted to the colorectum in these four patients according
to PET/CT or MRI images. Thus, unnecessary locore-
gional therapies or surgical procedures for suspicious liver
lesions were avoided thanks to these imaging modalities.
Although liver metastasis was excluded by PET/CT in
one of 4 patients, the disease stage did not change becau-
se of histopathologically proven metastatic pulmonary
nodules. Distant metastasis was detected in 19 patients
by PET/CT. Seven patients had lung metastasis, 14
patients had liver metastasis, and 2 patients had both

TABLE IV - Detection rates of liver lesions for the 72 patients under study

Liver metastasis Negative (n, %) Suspicious (n, %) Positive (n, %) Total number of patients (n, %)

18F-FDG PET/CT 56 (77.8%) 0 16 (22.2%) 72 (100%)
CT 38 (74.5%) 4 (7.8%) 9 (17.6%) 51 (100%)
MRI 28 (75.7%) 0 9 (24.3%) 37 (100%)

18F-FDG PET/CT: 18F-2-fluoro-2-deoxyglucose Positron Emission Tomography/Computed Tomography
CT: Computed Tomography
MRI: Magnetic Resonance Imaging 

TABLE V - Detection rates of lung lesions for the 72 patients under study

Lung metastasis Negative (n, %) Suspicious (n, %) Positive (n, %) Total number of patients (n, %)

18F-FDG PET/CT 64 (88.9%) 0 8(11.1%) 72 (100%)
CT 64 (88.9%) 2 (2.8%) 6 (8.3%) 72 (100%)

18F-FDG PET/CT: 18F-2-fluoro-2-deoxyglucose Positron Emission Tomography/Computed Tomography
CT: Computed Tomography
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lung and liver metastases. In addition to lung metasta-
sis, brain and adrenal metastases were also detected by
PET/CT in one patient (Fig. 1). Since 5 of 19 patients
had fewer than three liver metastases, primary colorectal
tumor was removed and liver metastasectomy was perfor-
med in the same session. In one patient whose milime-
tric solitary lung lesion was reported as suspicious by
chest CT scan, a high 18F-FDG uptake in PET/CT ima-
ges revealed it to be a metastasis (Fig. 2). Then, both
primary colorectal tumor and lung metastasis were able
to be removed thanks to PET/CT. Histopathologic exa-
mination confirmed the lung lesion to be a metastasis
of adenocarcinoma. The data of remaining 8 patients
could not be accessed in the database of our hospital.

Discussion

Radiological imaging modalities have a crucial role in
colorectal cancers for the detection of both regional
lymph node and distant organ metastases as well as the
determination of disease stage. Regional and whole body
findings obtained by imaging modalities can change the
clinical stage and management of a patient with colo-
rectal cancer. 
The NCCN Clinical Practice Guidelines in Oncology
put emphasis on a randomized study of patients with
resectable metachronous metastases that evaluated the
role of PET/CT in the workup of potential curable disea-

se 16. The panel reported that PET/CT changed surgi-
cal management in 8% of patients. For example, resec-
tion was not performed for 2.7% of patients because
additional metastatic disease was discovered (bone, peri-
toneum/omentum, abdominal nodes). Moreover, 1.5%
of patients had more extensive hepatic resections and
3.4% had additional organ surgery. In our study,
PET/CT detected a brain metastasis in 1 patient becau-
se it performed full-body imaging. Therefore, we recom-
mend the use of PET/CT in the primary staging of colo-
rectal cancers so that the patient can be staged correc-
tly in the preoperative period. 
An abdomino-pelvic CT scan is widely used for primary
tumor, regional lymph nodes and distant metastases in
the preoperative staging of colorectal cancers. However,
MRI is superior to CT scan in evaluating the spread of
tumor to the surrounding tissues. PET/CT gives infor-
mation about metabolic activity of suspected lesions detec-
ted by other morphological diagnostic methods due to
high glucose use of malignant tissues 4,5,17,18. Engelmann
et al. compared the whole body PET/CT and CT of 66
colon cancer patients in staging tumors, lymph nodes and
other metastases, and PET/CT showed higher accuracy in
T4 tumors, metastatic disease and lung lesions compared
to CT images 19. Moreover, PET/CT excluded falsely
reported positive liver and lung lesions in 31 patients.
Bianchi et al. staged 29 rectal carcinoma patients preo-
peratively with EUS and body coil MRI 20. They con-
cluded that EUS was more accurate (79.3%) in deter-

Fig. 1: 18F-FDG PET/CT of a 64-year-old man with rectosigmoid
colon adenocarcinoma. A) Maximum intensity projection (MIP) who-
le body image and axial fusion images of B) brain, C) thorax, and
D) abdomen showing high 18F-FDG uptake in metastatic lesions in
brain, lung, mediastinal lymph nodes and left adrenal gland.

Fig. 2: 18F-FDG PET/CT images of an 84-year-old man with sig-
moid colon adenocarcinoma. A) Coronal whole body image and B)
axial fusion image showing high 18F-FDG uptake in milimetric nodu-
lary lung lesion. C) Axial contrast-enhanced chest CT image was
reported as suspicious.
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ming bowel wall penetration of the tumor, while MRI
was more accurate (72.4%) in the evaluation of lymph
node involvement. However, Bayrak et al. reviewed the
data of 156 patients who underwent colorectal surgery,
and compared preoperative modalities, including colono-
scopy, CT, MRI, and FDG-PET/CT, to correctly iden-
tify the location of distal colorectal tumors 21. They repor-
ted that no preoperative assessment modalities provided
excellent accuracy for tumors of the sigmoid colon, rec-
tosigmoid junction, or rectum. In our study, MRI had
the highest sensitivity rate (93.8%) in detecting regional
lymph node metastasis. However, specificity and accuracy
rates (47.4% and 68.6%, respectively) of MRI were lower
than the other two imaging methods. PET/CT had the
highest specificity and accuracy rates (59.3% and 73.6%,
respectively) compared to MRI and CT.
Hepatic metastases from colorectal cancers are very com-
mon, and almost one in four patients has liver meta-
stasis at the time of diagnosis 22. However, patients with
liver metastases have also a chance of curative surgical
resection. In patients who underwent liver metastasec-
tomy, the 5-year survival reaches up to 30% 23,24.
Therefore, accurate detection of liver metastases affects
directly the management of patient. Both radiological
imaging methods (CT and MRI) and nuclear medicine
imaging modalities (PET/CT) have high detection rates  
and performance in liver lesions 25. In their meta-analy-
sis of a large group of patients, Bipat et al. found that
the most effective method on a patient basis was PET,
but they did not see any significant difference in com-
parison to other modalities on a lesion basis 26. Oh et
al. showed in 108 patients that contrast-enhanced MRI
was superior compared to PET/CT only in lesions less
than 2 cm 27. In our study, the lesion detection rates
of PET/CT and MRI were similar in terms of the detec-
tion of liver metastasis on a patient basis (22.2% vs.
24.3%, respectively), whereas the lesion detection rate of
CT was found to be lower (17.6%). Four patients
(7.8%) reported as suspicious on CT scans showed no
metastasis according to PET/CT or MRI findings. 
Neoadjuvant chemotheraphy for node-positive colon can-
cer remains of great interest to researchers. The theore-
tical benefits of neoadjuvant chemotheraphy include the
reduction of micrometastatic disease and tumor shedding
during surgery, and the use of tumor response to
neoadjuvant chemotherapy to guide further adjuvant the-
rapies if needed after surgery. Metastasectomy can only
be performed especially for limited metastatic disease of
liver, lung and peritoneum. On the other hand, syste-
mic chemotherapy is administered to the patients with
diffuse disease. However, radiation therapy is delivered
to the patients with locally invasive cancers. In a study
comparing the PET, contrast-enhanced CT (ceCT) and
integrated PET/ceCT results of liver metastases in the
preoperative period after neoadjuvant chemotherapy, the
diagnostic power was increased by combining PET and
ceCT and the sensitivity of PET, ceCT and integrated
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PET/ceCT were 38.2%, 91.3% and 94.78%, respecti-
vely 28. In a study in which the effect of CT, MRI and
PET/CT on the treatment approach was investigated in
the restaging process after neoadjuvant therapy, PET/CT
was found to be the most effective imaging modality in
the treatment planning of 199 rectal carcinoma patients
29. In our study, distant metastases were detected in 19
patients who were accepted as stage IV disease. Seven
patients had lung metastasis, 14 patients had liver meta-
stasis, and 2 patients had both lung and liver metasta-
ses. PET/CT guided the surgeon in removing the pri-
mary colorectal tumor with metastasectomy in the same
session in 6 patients. Five of these 6 patients had fewer
than three liver metastases and one patient had a soli-
tary pulmonary metastasis. In our study, only 5 patients
received neoadjuvant chemotherapy, and the control
PET/CT after neoadjuvant chemotherapy showed that 3
patients became operable. In 18 patients, although the-
re was no distant metastasis, due to the local advanced
stage of the disease, these patients were first treated with
chemoradiotherapy, and then they received surgery. This
group included both patients with T3 tumor and patients
with locoregional lymph node metastasis.
Mucinous colorectal carcinomas are more aggressive than
non-mucinous tumors, and local invasion, lymph node
involvement and peritoneal implantation rates are higher
30. In addition, low cell morphology of mucinous carci-
nomas leads to low 18F-FDG uptake and it makes
PET/CT evaluation challenging 31. On the contrary, Dos
Anjos et al. did not find significant differences in
SUVmax and SUVmean values in mucinous and non-
mucinous groups in their study with 73 patients, but
the mean metabolic tumor volume and total lesion gly-
colysis values were found to be statistically higher in
mucinous patients 32. In our study, three patients had
mucinous adenocarcinoma and two were located in rec-
tum, one in the left colon. The SUVmax values of the-
se lesions were 15.16, 6.0 and 14.52, respectively.
Contrary to known, two of them were close to the mean
SUVmax value of the patient group. But, the third lesion
was one of the primary lesions that showing the lowe-
st 18F-FDG uptake.
The partial volume effect, which causes the underesti-
mation of radioactivity concentration in structures with
less than two to three times the spatial resolution of
PET (4~5 mm), is the cause of the low sensitivity of
18F-FDG PET/CT in the diagnosis of lymph node meta-
stasis 33-35. Therefore, lower optimal SUVmax cut-off
values were determined for the evaluation of small lymph
nodes than for the large lymph nodes. Several techni-
ques have been developed to calibrate the partial volu-
me effect. In addition, many studies revealed significant
improvement in the diagnostic performance of 18F-FDG
PET/CT for the determination of small lesions after par-
tial volume correction 36,37. These methods are general-
ly too complex to be clinically applicable, and most
require additional equipment or applications.
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Both CT and MRI have been used to evaluate regional
lymph node metastasis in rectal cancer by evaluating the
size and shape of lymph node 38,39. Many studies have
revealed the limitations of using size criteria alone for
lymph node staging in rectal cancer. Approximately 60%
of metastatic lymph nodes are <5 mm in diameter 40.
Therefore, evaluating the shape of lymph node can also
be useful in diagnosis. In most metastatic lymph nodes,
the loss of fatty hilum and kidney bean-shaped structu-
re can be detected. A recent meta-analysis study inclu-
ding 12 CT studies reported that the pooled sensitivity
and specificity of CT for lymph node metastasis were
71% and 67%, respectively 41. Another meta-analysis
study including 21 MRI studies reported that the poo-
led sensitivity and specificity of MRI for lymph node
metastasis were 77 and 71%, respectively 42. For a quan-
titative approach to the diagnosis of lymph node meta-
stasis on 18F-FDG PET/CT images, a fixed cut-off value
of SUVmax of 2.5 has been commonly used to diagnose
metastatic lymph nodes 38, 43. Brush et al. found that
the sensitivity (38% to 65%) of 18F-FDG PET/CT in
the diagnosis of lymph node metastasis was low com-
pared to those of CT and MRI 44. However, in the pre-
sent study, 18F-FDG PET/CT using a fixed SUVmax cut-
off value of 2.5 showed higher sensitivity (88,5%) and
lower specificity (59.3%). The reason why our rates differ
from those in the literature may be due to heterogenei-
ties in studies because of differences in preferred proto-
col, experience of nuclear medicine and radiology spe-
cialists, approach to image interpretation, and methodo-
logic quality, and to the fact that we did not include
the lymph nodes that we considered as suspicious into
the group of lymph nodes that we considered as posi-
tive. Further studies comparing the diagnostic value of
18F-FDG PET/CT, CT, and MRI in the same patient
population may provide important information in selec-
ting diagnostic modalities for preoperative staging of
colorectal cancer.

STUDY LIMITATIONS

There were some limitations of our study. Firstly, our
study group had a small number of patients. In our
hospital, PET/CT is not routinely used for preoperative
staging of colorectal carcinoma. There were also a limi-
ted number of eligible patients whose data were suffi-
cient for our study. Secondly, we had a heterogenous
patient population which included different types of
tumor pathology and tumor localizations. We had to
reach some results without separating them due to the
small number of patients. Thirdly, despite all patients
had PET/CT images, some patients had only CT ima-
ges, MRI images or both. While some patients were able
to be compared with three imaging modalities, others
could be compared between PET/CT and existing radio-
logical methods.
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Conclusion

In conclusion, there was no superiority among imaging
modalities in evaluating regional lymph nodes of colorec-
tal carcinoma. Structural imaging methods, including CT
and conventional MRI, show the strong abilities to descri-
be the location, size, shape, and texture of lymph nodes,
but do not reliably distinguish between benign and mali-
gnant lymph nodes. PET/CT was able to give the meta-
bolic status of lesions that morphologically suspicious, and
had a very critical function in upstaging or downstaging
of the disease, and especially in the evaluation of distant
metastases. Owing to the fact that PET/CT allows the
assessment of wider areas with faster acquisition time and
presents information about the metabolic activity, we are
in the opinion that PET/CT is very useful option in pri-
mary staging of colorectal carcinoma.

Riassunto

Nei pazienti con carcinoma del colon-retto è necessario
un accurato lavoro diagnostico per eseguire il trattamento
più specifico. In questo studio, abbiamo mirato a valu-
tare l’accuratezza della tomografia computerizzata (CT),
imaging a risonanza magnetica (MRI) e 18F-fluoro-
deoxyglucose PET/CT per il rilevamento di metastasi
linfonodali regionali (RLNM) e il valore aggiuntivo di
PET/CT nella stadiazione preoperatoria del carcinoma
del colon-retto.
Tra giugno 2015 e maggio 2018 sono stati esaminati pri-
ma dell’intervento 72 pazienti con carcinoma del colon-
retto mediante TC, risonanza magnetica e PET/CT.
L’esame istopatologico dei linfonodi regionali è stato ese-
guito in 53 pazienti sottoposti a chirurgia colorettale. Sono
stati determinati la sensibilità, la specificità, il valore pre-
dittivo positivo (PPV), il valore predittivo negativo (NPV)
e l’accuratezza (ACC) di CT, MRI e PET/CT per RLNM
e il valore aggiuntivo di PET/CT in metastasi a distanza.
La casistica esaminata comprendeva 44 uomini e 28 don-
ne, dell’età media di 61 ± 11 anni. Istopatologicamente,
27 pazienti (51%) sono risultati negativi e 26 pazienti
(49%) positivi per RLNM. La sensibilità, specificità,
PPV, NPV e ACC di PET / CT erano rispettivamente
dell’88,5%, del 59,3%, del 67,6%, dell’84,2% e del
73,6%. La PET/TC ha cambiato la gestione del pazien-
te con il contributo diagnostico alle lesioni sospette iden-
tificate dalle modalità di imaging radiologico.
Concludiamo che PET/CT è uno strumento utile nella
valutazione del carcinoma del colon-retto e consente di
caratterizzare metabolicamente lesioni indeterminate
sospette di recidiva della malattia, e per eseguire una sta-
diazione pre-chirurgica completa per identificazione del-
le metastasi occulte. La PET / CT deve essere conside-
rata uno strumento diagnostico essenziale nella gestione
dei pazienti con carcinoma del colon-retto, in particola-
re per una stadiazione preoperatoria.
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