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Identifying CT-Based Risk Factors Associated with Synchronous

Liver Metastases in Colorectal Cancer
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Purpose: The aim of this study was to determine the radiologic risk factors of
colorectal cancer (CRC) with synchronous liver metastases.

Materials and Methods: A total of 197 patients with CRC who had a visible tumor
on contrast-enhanced abdominopelvic computed tomography and were treated be-
tween January 2012 and December 2012 were included. Longitudinal diameter, mu-
ral thickness, primary tumor attenuation, and other metastases were evaluated in-
dependently. Univariate analysis and multivariate logistic regression analysis were
used to identify risk factors associated with the presence of liver metastases.
Results: Cases were divided into two groups based on the presence or absence of
liver metastases (n = 56 and 141, respectively). Primary tumors with enhancement
of > 90 Hounsfield units (HU) were found to have a higher risk of liver metastases
than those with enhancement of < 90 HU [odds ratio (OR): 2.619, p = 0.034]. The
presence of pulmonary metastases was associated with a higher risk of liver metas-
tases (OR: 14.218, p = 0.025). The presence of lymph node metastases (N2 vs. NO)
and carcinoembryonic antigen (CEA) level independently predicted the presence of
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liver metastases (OR: 8.766, p < 0.001; OR: 1.012, p = 0.048).

Conclusion: The identified risk factors of synchronous liver metastases in CRC were
tumor mural enhancement, pulmonary metastases, lymph node metastases, and

CEA level.

INTRODUCTION

Colorectal cancer (CRC) is one of the most common cancers
and the second leading cause of cancer-related death world-
wide. At diagnosis, 14.5-25% of CRC patients have synchro-
nous liver metastasis, and another 25-30% of CRC patients will
develop liver metastasis during the next 2-3 years (1-4). The
liver is the most common site of metastases, and liver metasta-
sis is responsible for the death of at least two thirds of patients
with a colorectal malignancy (5, 6). Early diagnosis of colorec-
tal liver metastases (CLM) is important in terms of overall sur-
vival, and metastasis is the major cause of death in patients with
CRC and its prevalence has been shown to depend on tumor

stage (7). During the last few decades, resection of liver-limited
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CLM has been increasingly accepted by surgeons and oncolo-
gists, and improvements observed in outcome appear to be as-
sociated with increased use of hepatic resection or ablation ther-
apy (8, 9). Some studies conducted in patients who have undergone
complete surgical resection of liver metastases suggest that
overall survival rates exceed 50% at 5 years and range from 17%
to 25% at 10 years (10-12). Although neo-adjuvant chemother-
apy has the potential to convert initially unresectable disease
into resectable disease in some patients, the frequency of con-
version and overall survival remain relatively low. It was report-
ed that in patients with initially unresectable CLM, the 3-year
overall survival rate was 30% after chemotherapy, and the me-
dian survival times were 24.4 and 25.8 months in cetuximab or

bevacizumab combined with chemotherapy groups, respective-
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ly (13, 14) .

Previous studies have reported that mesorectal vascular and
fascia invasion by rectal magnetic resonance imaging (MRI) in
rectal cancer patients independently predict early metastases
(15, 16), and thus, it was suggested that liver MRI should be
performed at diagnosis in high risk patients. Recently, a clinical
trial (SERENADE) was initiated to determine the usefulness of
DW-MRI for screening synchronous liver metastases in high
risk primary CRC patients (17). However, in colon cancer,
computed tomography (CT) continues to be used for risk anal-
ysis, because abdominal MRI for colon cancer is limited by res-
piration control and motion artifact. Furthermore, little infor-
mation is available regarding the risk factors of liver metastasis
in CRC patients as determined by CT. Accordingly, we under-
took the present study to identify predictors of the presence of

synchronous liver metastases in CRC.

MATERIALS AND METHODS

This retrospective study was approved by our Institutional
Review Board, which waived the requirement for obtaining in-
formed consent (GAIRB 2017-195).

Patient Population

We retrospectively reviewed our institutional electronic medi-
cal database of 364 patients with pathologically proven adeno-
carcinoma of the colon and rectum who were diagnosed between
January 2012 and December 2012. One hundred sixty-seven pa-
tients were excluded for the following reasons: no visible mea-
surable primary CRC on CT (n = 133); no preoperative CT
scan (n = 3); refusal of further treatment at our institute (n =
14); and the presence of another primary cancer (n = 17). Fi-

nally, 197 patients were enrolled in this study (Fig. 1).

CT Protocol

All patients underwent contrast-enhanced multi-detector CT
including triple phase CT, double phase CT (arterial and portal
venous phases), or single-phase CT (portal venous phase) with
16 detectors or 64 detectors (Somatom Sensation, Definition 64
and Somatom Definition Flash; Siemens Medical Solutions, Er-
langen, Germany). Images of arterial and portal venous phases

were obtained with a delay of 17-18 seconds and 50-51 sec-
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Pathologically proven colorectal cancer (n = 364)

Excluded (n = 167)

1) Invisible tumor on CT (n = 133)

2) No preoperative CT scan (n = 3)

3) Refusal of further treatment (n = 14)
4) Another primary cancer (n = 17)

y
Finally enrolled patients (n = 197)

Fig. 1. Flow chart of patient enrollment.

onds, respectively, after descending aorta attenuation reached
100 Hounsfield units (HU). Delayed scans were performed us-
ing a fixed delay of three minutes after contrast medium injec-
tion. Portal venous single phase imaging was performed one
minute after descending aorta attenuation reached 50 HU. CT
images were obtained during a breath-hold using the following
parameters: 24-mm collimation; table feed, 24-36 mm/rota-
tion; pitch, 1.0-1.5; 150-200 mAs; and 140 kVp. Images were
reconstructed using 5-mm and 3-mm slice thicknesses in the
transverse and coronal planes with no overlap. Nonionic con-
trast agent (Iohexol, Bonorex 300, Central Medical System,
Seoul, Korea; Iopamidol, Pamiray, Dongkook Pharmaceutical,
Seoul, Korea; Iopromide, Ultravist 300, Schering, Berlin, Ger-
many) was injected at a dose of 2 mL/kg of body weight (to a
maximum of 150 mL) via 18-gauge peripheral venous access at
a flow rate of 4 mL/s using an automatic power injector (Opti-

Vantage, Liebel-Flarsheim; Mallinckrodt, Neustadt, Germany).

MRI Protocol

MRI imaging was performed using a 1.5-T unit (Avanto; Sie-
mens Medical Solutions) equipped with a body and spinal ma-
trix coil. MRI images were acquired with use of the following pa-
rameters: a fat-suppressed, respiratory-triggered, T2-weighted
turbo spin-echo sequence [repetition time (TR)/echo time (TE)
of 3500-5000/70-85, echo train length of 10, 140° flip angle,
matrix 202 x 320, 3-mm slice thickness], a breath-hold T2-
weighted turbo spin-echo sequence (TR/TE of 2500-4500/103,
140° flip angle, matrix 202 x 320, 5-mm slice thickness), T2-
weighted HASTE sequence (TR/TE of 400-500/100-150, 150°
flip angle, matrix 166 x 256, 3-mm slice thickness), and a
breath-hold T1-weighted fast low-angle shot sequence [TR 172,
TE 2.46 (in-phase)/3.69 (out-of-phase)], 65° flip angle, matrix
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208 x 256, signal average of one, two acquisitions, 5-mm slice
thickness). Dynamic imaging was performed after an intrave-
nous injection of contrast medium, 0.1 ml/kg of Gd-EOB-DT-
PA (Primovist, Bayer Schering Pharma, Berlin, Germany). The
hepatic arterial, portal-venous, and transitional phase images
were acquired at 40 s, 60 s, and 120 s, respectively, after com-
mencing the Gd-EOB-DTPA injection. Contrast medium was
injected using an automated injector at a rate of 2 mL/sec and
the lines were flushed with 25 mL of saline solution after con-

trast injection.

Image Analysis

All primary tumors were clearly visualized on CT scans and
were analyzed retrospectively using a Picture Archiving and
Communication System. Images were independently evaluated
on a workstation using a soft-tissue window setting by two ra-
diologists (S.J.C with 7 years’ experience in abdominal imaging
and C.R.S with 4 years radiology training) who were unaware
of clinical information, laboratory findings, colonoscopy imag-
es, and surgical and pathologic reports. The following variables
were included in the analysis on CT images: tumor location,
longitudinal tumor length, tumor mural thickness, tumor attenu-
ation [determined by placing a region of interest (ROI)], tumor
shape, and pericolic fat infiltration.

Tumor locations were classified as right colon (cecum, ascend-
ing colon, hepatic flexure, and transverse colon), left colon (splen-
ic flexure, descending and sigmoid colon), recto-sigmoid junc-
tion, and rectal ampulla. Longitudinal tumor diameter, mural
thickness, and ROIs were measured on portal-venous phase CT

scans. During each measurement session, tumor diameters and

< 17,57mm
> 17.50mm

ROIs were measured independently by the two radiologists and
mean values were recorded. Longitudinal tumor diameter was
defined as the greatest tumor length along the longitudinal axis
of the colon using both transverse and coronal CT reconstruc-
tion images. Mural thickness was defined as the greatest mural
thickness perpendicular to the long axis of the colon depicted in
the plane in which CRC was best visualized. In each case, a circu-
lar or elliptical ROI of > 50 mm?* was placed on the slice section
with the largest tumor portion (Fig. 2). The ROI was measured
three times in the brightest tumor area and measurements were
averaged to minimize measurement errors (18).

Tumor-related variables were classified as follows: 1) tumor
length: < 30 mm, 30 mm to < 60 mm, or > 60 mm, 2) mural
thickness: < 15 mm, and 3) enhancement: < 90 HU. Previous
studies have considered that a tumor length of > 3 cm indicates
high risk rectal cancer. In another study, it was reported that a
tumor length of > 6 cm was associated with a significantly high-
er risk of tumor recurrence and tumor-related death (19-21).
However, there was no reference about mural thickness and en-
hancement in the previous studies. In the present study, the cut-
off values used were the median values of continuous variables.

Tumor shape was classified as intraluminal polypoid, ulcero-
fungating/ulceroinfiltrative, or bulky pattern. An intraluminal
polypoid mass was defined as an intraluminal protruding mass
with a smooth margin, sharply delineated from the regional nor-
mal colorectal wall. An ulcerofungating or ulceroinfiltrative mass
was defined as tumoral wall thickening with a height-to-width
ratio of < 1. A bulky pattern was defined as 1) a tumor outer di-
ameter larger than normal diameter and 2) an exophytic tumor

component projecting > 1 cm beyond the presumed position of

=" 14.58mm

Fig. 2. Proximal sigmoid colon cancer in a 58-year-old woman. (A) Longitudinal tumor diameter, (B) tumor mural thickness, and (C) tumor en-

hancement (region of interest) of the primary cancer were measured.
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the outermost tumoral wall (22, 23).

Pericolic fat infiltration was classified based on the absence of
infiltration and presence of hazy, linear, or nodular infiltration.
A normal peritumoral mesentery was considered not to exhibit
pericolic fat infiltration. Hazy infiltration was classified as ill-
defined or exhibiting slightly increased density in the peritu-
moral mesentery. Linear infiltration was defined as well-defined,
increased density with a linear configuration in the peritumoral
mesentery. Nodular infiltration was considered as a well-de-
fined, nodular configured hyperdensity in the peritumoral mes-
entery (23).

Patient demographic characteristics including age, sex, tumor
location, tumor cell type, serum carcinoembryonic antigen
(CEA) level, and stage as defined by the American Joint Com-
mittee on Cancer and the International Union Against Cancer

tumor, node, metastasis, seventh edition were recorded (24).

Reference Standard

Liver metastases were retrospectively reviewed by the two ra-
diologists (S.J.C and C.R.S). On CT images, liver metastasis was
defined as rim enhancement with central low attenuation. On
Gd-EOB-DTPA enhanced MR, liver metastasis was defined as
rim enhancement and hyperintensity on T2-weighted image
and diftfusion weighted imaging with a defect in the hepatobili-
ary phase. On positron emission tomography-computed tomog-
raphy (PET-CT), liver metastasis exhibited hypermetabolism
(25-27). The presence of liver metastasis in our cohort was deter-
mined by operation (n = 11), percutaneous biopsy (n = 5), or im-
aging studies (n = 40). For establishing the diagnosis of liver me-
tastases based on imaging findings, it was necessary that at least
one of the following conditions was satisfied: (a) lesions showed
an interval size reduction after chemotherapy (1 = 21); (b) lesions
showed interval size progression (1 = 9); (c) lesions showed hy-
permetabolism on 18F-fluorodeoxyglucose PET-CT (n = 22).
Twelve patients with liver metastases were diagnosed by CT and
PET/CT (size progression, n = 10; size reduction, n = 2). We re-
viewed the indeterminate hepatic lesions on CT or MRI and de-
termined an equivocal case (per patient) by consensus. An
equivocal case was defined as the one in which the two readers
could not determine whether the patient had liver metastases or
not. Synchronous liver metastases were defined as liver metas-

tases detected by preoperative CT or MRI or during primary tu-
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mor resection (28).

Statistical Analysis

Categorical data are presented as percentages, frequencies,
and differences between proportions, and they were compared
using the chi-squared test or Fisher’s exact test, as appropriate.
Continuous data with a significantly skewed distribution are ex-
pressed as medians, and they were compared using the Mann-
Whitney U-test. Mean values of continuous variables with nor-
mal distributions were compared using the unpaired Students
t-test. Univariate analysis and multivariate logistic regression
analysis with entry analysis were used to identify risk factors
independently and significantly associated with the presence of
synchronous metastases. Variables with a p-value of < 0.05 on
univariate analysis were included in final multivariate models.
receiver operating characteristic (ROC) curve analysis results for
factors that were identified by logistic regression analysis. The
analysis was performed using SPSS/PC version 20.0 (IBM
Corp., Armonk, NY, USA) and Medcalc software (Medcalc for
Windows, version 16.4.3; MedCalc Software bvba, Ostend, Bel-
gium), and p-values of < 0.05 were considered statistically sig-

nificant.

RESULTS

Patient Demographics

The demographics of patients with CRC and liver mass are
shown in Tables 1, 2. Of the 197 patients, 56 (28.4%) had detect-
able synchronous liver metastases; 31 (55%) had metastasis con-
fined to the liver and 25 (45%) had metastasis to another organ.

Thirty-one (31/56, 55%) patients underwent CT only and 25
(25/56, 45%) patients underwent both CT and MRI. Among the
patients who underwent CT alone, only one patient was an equiv-
ocal case. This equivocal lesion was not detected in the initial
CT interpretation in real clinical practice and additional MRI
was not performed. In the present study, this lesion was not de-
tected by either reader during retrospective CT evaluation. How-
ever, this lesion had increased in size on the follow-up CT scan
after 9 months and it was confirmed to be metastasis (Fig. 3).
Among the patients who underwent both CT and MR, 12 pa-
tients (12/25, 48%) had 15 equivocal hepatic lesions detected by
CT. One of these 15 lesions (1/15, 7%) was identified as liver me-
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D E

Fig. 3. Liver metastasis from recto-sigmoid colon cancer in a 67-year-old woman. (A) Transverse CT image shows a tiny indeterminate hypoat-
tenuating lesion (arrow) in hepatic segment VI. (B) Transverse CT image shows a primary tumor (arrows). Tumor enhancement was 126 HU, sug-
gestive of high risk. (C) The tiny lesion had increased in size as determined by follow-up CT 9 months later (arrow). (D) Gadoxetic acid-enhanced
hepatobiliary phase image shows a hypointense lesion (arrow) in hepatic segment VI. (E) Diffusion weighted images (b = 1000 sec/mm?) and (F)
T2-weighted images demonstrate a hyperintense lesion (arrows). This lesion was considered to be metastasis based on analyses of serial CT and

magnetic resonance images.
CT = computed tomography
tastasis on MR, and the other 14 lesions were interpreted as be-
nign hepatic lesions. Three patients had small liver metastases
which were detected by MRI but not by CT (Fig. 4). However,
among them, there were no equivocal cases because they had

other definite liver metastases.

Results of Image Analysis

The CT findings of primary tumors are summarized in Table
3. Longitudinal diameter, mural thickness, and enhancement
were significant higher in patients with liver metastases than in
patients without liver metastases (p < 0.05). With respect to le-
sion shape, 23% (13/56) of patients with liver metastases exhib-
ited a bulky pattern, whereas 23% (33/141) of patients without

liver metastases had intraluminal polypoid lesions (p < 0.001).
With respect to pericolic fat infiltration, 77% (43/56) of patients
with liver metastases exhibited nodular or linear infiltration,
whereas 49% (69/141) of patients without liver metastases ex-
hibited hazy infiltration or absence of infiltration. Fourteen (25%,
14/56) patients with liver metastases had pulmonary metasta-
ses, whereas only one patient (0.7%, 1/141) without liver metas-

tases had pulmonary metastases (p < 0.001).

Univariate and Multivariate Analyses

Univariate analysis showed that the risk factors associated with
liver metastases were as follows: T stage (p = 0.005), N stage (p =
0.031 and p < 0.001), tumor diameter (p = 0.021 and p = 0.001),

J Korean Soc Radiol 2017;77(5):286-297
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Fig. 4. Liver metastasis from recto-sigmoid colon cancer in an 80-year-old man. (A) Transverse CT did not depict a definite abnormal lesion in
hepatic segment V. (B) Coronal reconstruction image shows a primary tumor. Its enhancement was 92 Hounsfield units, suggestive of high risk.
Magnetic resonance images were obtained 3 days after initial CT. (C) Gadoxetic acid-enhanced hepatobiliary phase image shows a hypointense
lesion (arrow) in hepatic segment V. (D) Diffusion weighted images (b = 800 sec/mm?) and (E) T2-weighted images demonstrate a hyperintense
lesion (arrows). This lesion was confirmed to be metastasis by tumorectomy.

CT = computed tomography

mural thickness (p < 0.001), tumor enhancement (p < 0.001),
CEA level (p < 0.001), and pulmonary metastases (p < 0.001)
(Table 4). Multivariate analysis identified the following risk fac-
tors: tumoral enhancement (p = 0.048), pulmonary metastases
(p=0.014), N stage (p < 0.001), and serum CEA level (p = 0.027)
(Table 5).

Diagnostic Performance
Lymph node metastases showed the largest area under the
ROC curve (0.818, p < 0.001) (Fig. 5, Table 6). Also, lymph node

jksronline.org J Korean Soc Radiol 2017;77(5):286-297

metastases showed a statistically significant difference between
other factors except CEA; vs. T staging, p = 0.001; vs. diameter,
p = 0.005; vs. mural thickness, p = 0.001; vs. enhancement, p =
0.012; vs. pulmonary metastases, p < 0.001; vs. CEA, p =0.11.

DISCUSSION

This study demonstrated that primary CRC enhancement,
the presence of pulmonary metastasis, N2 stage, and CEA level

significantly predicted the presence of synchronous liver metas-
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tases. Our results suggest that radiologists should be more con-
cerned about small hepatic lesions and should not hesitate to
request MRI or percutaneous needle biopsy when equivocal
hepatic lesions are encountered, and that surgeons should con-
centrate on small hepatic lesions during laparotomy in CRC
patients with high risk factors. Furthermore, we recommend
that retrospective reviews should be conducted for missed he-
patic lesions and follow-ups should be conducted more fre-
quently in such patients.

Primary tumor enhancement has not been well evaluated, and
the results of the present study suggested the possibility of a
correlation between higher tumor enhancement and liver me-
tastases. However, previous studies have reported contrary re-
sults. In one study, the researchers showed that among CT per-
fusion parameters, the mean blood flow, which reflects the flow

rate through the vasculature, was found to be related to tumor

Table 2. Characteristics of Liver Metastases

Variable No. of Patients (7 = 56)

No. of liver metastases

<5 31

>5 25
Size of liver metastases

<5cm 28

>5cm 28
Involvement of hepatic lobes

One lobe 23

Two lobes 33
Diagnosis of metastases

Percutaneous biopsy 5

Surgical tumorectomy 1

Imaging study 40

Size reduction after chemotherapy 21

Size progression 9

Positive on PET/CT 22

Table 1. Clinico-Pathological and Radiological Data of Colorectal Cancer Patients with or without Hepatic Metastases

Variable Patients with Liver Metastasis (n = 56) Patients without Liver Metastasis (n = 141) p-Value

Age 66 + 124 64+ 128
Sex (M:F) 33:23 89:52
Tumor location, n (%)

Right colon 9(16) 32 (22.8)

Left colon 7 (12.5) 24 (16.7)

Rectosigmoid junction 21(37.5) 44(313)

Rectal ampulla 19 (34) 39 (27.9)

Synchronous 0 2(1.4)
Cell type, n (%)

Adenocarcinoma

Well differentiated 3(5.4) 12 (8.5)

Moderate 45 (80) 115 (81.6)

Poorly 2(3.6) 3(2.1)

Mucinous adenocarcinoma 5(9.2) 8(5.7)
Signet ring cell carcinoma 1(1.8) 3(2.1)
pl staging

K 0 6(5)

T2 0 24 (20)

13 24 (69) 83 (69)

T4 11 (31) 7 (6)

pN staging

NO 5(14) 81(94.5)

N1 11 (31) 36 (3)

N2 19 (55) 3(25)
Unresectable condition, n (%) 14 (25%, 14/56) 8 (6%, 8/131)
Neoadjuvant CRT, n (%) 7 (13%, 7/56) 13 (10%, 13/131)
CEA (pg/U* 177.8 + 593.3 10.4 + 31.0 0.001

*Means and standard deviations are reported in parentheses.
CEA = carcinoembryonic antigen, CRT = chemoradiotherapy
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Table 3. Radiological Finding of Primary Colorectal Cancer with or without Liver Metastases

Patients with Liver Metastasis (n = 56) Patients without Liver Metastasis (n = 141)  p-Value

Variable

Longitudinal diameter (mm])* 549 + 189
Mural thickness (mm)* 18.4 + 88
Enhancement (ROI, HU)* 914+ 103
Shape of tumor, n (%)

Intraluminal polypoid 0(0)

Ulcerofungating or Ulceroinfiltrative pattern 40 (71)

Bulky pattern 16 (29)
Pericolic fat infiltration, n (%)

None 0(0)

Hazy infiltration 13 (23)

Linear infiltration 29 (52)

Nodular infiltration 14 (25)
Pulmonary metastases, n (%) 14 (25)

423+195 < 0,001
144460 0003
839+ 111 <0001
<0001
33(23)
102 (72)
6(5)
<0001
33(23)
36 (26)
59 (42)
13(9)
1(07) <0001

*Means and standard deviations are reported in parentheses.
HU = Hounsfield units, ROl = region of interest

Table 4. Risk Factors of Liver Metastases as Determined by Univari-
ate Analysis

Table 5. Risk Factors of Liver Metastases as Determined by Multi-
variate Analysis

Variable OR 950% Cl p-Value Variable OR 95% Cl p-Value
Age 1.005 0981, 1.030 0.664 Tstaging (vs. T1 and T2)
Sex 0.779 0.415, 1.463 0.437 T3and T4 4.453 0.492, 40.322 0.184
Tstaging (vs. T1 and T2) N staging (vs. NO)

T3and T4 18.160 2.423,136.117 0.005 N1 1.698 0.533, 5.406 0.370
N staging (vs. NO) N2 9.186 3.018, 27.956 < 0.001

N1 3.068 1.109, 8.491 0.031 Diameter of primary tumor (vs. < 30 mm)

N2 26.185 10.020, 68.426 < 0.001 30<x<60 1.948 0.523,7.250 0.320
Location of primary tumor 1970  0.963,4.030 0.063 60 < 2085  0.504, 8.621 0.310
Diameter of primary tumor (vs. < 30 mm) Mural thickness (vs. < 15 mm)

30<x<60 3.726 1.218, 11.396 0.021 15<x 1260  0.509, 3.123 0.617

60 < 6.648 2.079, 21.260 0.001 Enhancement (ROI) of tumor (vs. < 90 HU)

Mural thickness (vs. < 15 mm) 90 < x 2450  1.009, 5953 0.048

15 <X 3.799 1.925, 7.495 < 0.001 CEA 1.013 1.002, 1.026 0.027
Enhancement (ROI) of tumor (vs. < 90 HU) Pulmonary metastases 17.855  1.790, 178.100 0014

90 <x 1.054 1.033-1.098 < 0.001 CEA = carcinoembryonic antigen, Cl = confidence interval, OR = odds ratio,
Cell type 1060  0.458-2.453 0.891 ROI = region of interest
CEA 1.015 1.007-1.023 < 0.001
Pulmonary metastases 46667  5961-365359 < 0.001 and cell type, no relation was found. We supposed that the num-

CEA = carcinoembryonic antigen, Cl = confidence interval, OR = odds ratio,
ROl = region of interest

vascularity, and it was found to be lower in poorly differentiated
tumors than in well differentiated or moderately differentiated
tumors (18). Another study concluded that poorly perfused tu-
mors have poorer outcomes (29). These discrepancies may have
been caused by the ROI measurement method used in the pres-
ent study, as we located ROIs in the area of greatest enhance-
ment, which cannot accurately reflect intratumoral heterogene-
ity. When we examined the correlation between attenuation

jksronline.org J Korean Soc Radiol 2017;77(5):286-297

ber of patients with mucinous adenocarcinoma was too small
to obtain appropriate statistical power.

The strong relation between pulmonary metastases and liver
metastases can be explained by the cascade hypothesis. The liver
is the first major organ encountered by venous blood draining
from the gastrointestinal tract. Therefore, cancer cells traveling
by the hematogenous spread are likely to arrive within the sinu-
soids of the liver (30). According to the cascade hypothesis, me-
tastasis in the first organ encountered may act as the centrum

for dissemination of tumor cells to other organs (e.g., lungs),
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and in turn, lung metastasis may then act as the centrum for
further dissemination (31). This hypothesis is supported by nec-
ropsy data of adenocarcinoma of the upper rectum and that of
other carcinomas in the digestive system (31, 32).

We found that N2 stage disease presents a higher risk of liver
metastases than NO stage disease. A prospective, large popula-
tion-based study showed that lymph node metastasis was an
independent risk factor of synchronous liver metastases in CRC
(33). However, recent studies have shown that radiologic lymph
node metastases from rectal MRI did not significantly predict
liver metastases (16, 34). Further studies are evidently needed
for assessing radiologic lymph node metastases in CRC.

Use of chemotherapy and the proportion of patients who un-

100

80

60

Sensitivity

40

—— Enhancement
---- Mural thickness
-------- Longitudinal diameter
----- N staging
—— CEA

Pulmonary metastases

20

40 60 80 100
100-specificity

Fig. 5. Receiver operating characteristic curve analysis results for fac-
tors that were found to be positively associated with the presence of
liver metastasis by logistic regression analysis.

CEA = carcinoembryonic antigen

dergo hepatic surgery continue to increase and these factors have
significantly increased the survival rates (8). Furthermore, ret-
rospective studies conducted in patients who have undergone
complete surgical resection of liver metastasis have suggested
that resection improves the overall survival rates. Thus, early
and accurate detection of liver metastases is clinically important
because it can significantly affect the choice of therapeutic ap-
proach and prognosis. However, little is known regarding the
prevalence of synchronous liver metastases in CRC and few ep-
idemiologic studies have addressed the overall metastasis rate
in CRC. There is some concern that multiple detector computed
tomography (MDCT) images may not accurately characterize
small hepatic nodules or sufficiently differentiate small liver
metastases and small hepatic cysts or hemangiomas (35-37).
Furthermore, MDCT is less able to detect liver metastases than
MRI when an extracellular contrast agent is used (38, 39).

Recently, a multicenter clinical trial was initiated to validate
the use of DW-MRI for screening of synchronous liver metas-
tases in CRC. The aim of this trial was to determine how well
DW-MRI identifies liver metastases as compared with routine
CT (32). We suggest that screening DW-MRI should be used in
patients with risk factors of liver metastases detected by base-
line CT.

Our study has several limitations, such as a retrospective de-
sign and the use of a combination of pathologic and follow-up
imaging findings. Furthermore, the presence of multiple metas-
tases and the diminutive size of many nodules frequently result-
ed in unnecessary or impractical biopsies of individual lesions.
In addition, as we have mentioned above, ROI-based assess-
ment cannot adequately reflect intratumoral heterogeneity, and
the selection of ROI locations introduces a possible bias. We

suggest that further studies should be conducted to refine the

Table 6. ROC Curve Analysis Results for Factors Identified by Logistic Regression Analysis

Variable Sensitivity (%) Specificity (%) AUC 95% CI p-Value
T staging 41 85 0.696 0.627,0.760 < 0.001
N staging 68 88 0.818 0.756, 0.869 < 0.001
Longitudinal diameter 93 26 0.688 0.618,0.752 < 0.001
Mural thickness 73 58 0.657 0.586,0.723 < 0.001
Enhancement (ROI) 66 72 0.710 0.641,0.772 < 0.001
CEA 54 96 0.733 0.666, 0.794 < 0.001
Pulmonary metastases 25 99 0.621 0.550, 0.689 <0.001

AUC = area under the ROC curve, CEA = carcinoembryonic antigen, Cl = confidence interval, OR = odds ratio, ROC = receiver operating characteristic, ROl =

region of interest
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measurements of whole tumor volume enhancement.

In conclusion, our findings suggest that tumor enhancement
and the presence of pulmonary metastases as determined by
MDCT could be used to predict the risk of development of syn-
chronous liver metastases in CRC patients. We suggest that equiv-
ocal hepatic lesions should be assessed thoroughly for metasta-

ses in patients with high risk factors.
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