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Results

There was a significant increase in liver blood flow and hepatic Introduction
arterial fraction in patients with advanced tumor depth and lymph

node metastases. Cases with distant metastases had increased liver Colorectal cancer is the third most common malignant neoplasm,
blood flow and hepatic arterial fraction compared to cases with ear- as well as the fourth leading cause of cancer-related deaths world-
ly-stage colorectal cancer. As for cases without synchronous metas- | wide [1]. Colorectal cancer metastasizes to various organs, with

tases, both parameters measured preoperatively were significantly  Jymph nodes being the most frequent, followed by liver and lungs [2].
increased in those with postoperative metastases. Overall survival of patients with metastatic colorectal cancer, with
Conclusion the 5-year survival at almost 90% for Dukes A and 15% for Dukes D

Increased liver perfusion parameters acquired with Perfusion tumors [3].

computed tomography may reflect an advanced or metastatic state
of colorectal cancer. Perfusion computed tomography could be a
method for detecting the smallest changes in liver perfusion and de-
termine the risk for future appearances of distant metastases.

Distant metastases, especially the lesions becoming apparent
early in the follow-up period, may already be present at the time of
resection of the primary tumor because small lesions are unable to
be detected on preoperative diagnostic images. Visual analysis is
Keywords: Distant metastases; Liver perfusion; Perfusion param- = {argely based upon evaluating morphological information, and there

eters is always a threshold size and contrast below which differentiation
L. between normal and abnormal tissue is impossible. If we were able
Abbreviations to obtain more direct evidence of a high possibility of distant metasta-
CT: Computed Tomography, sis in ind.iv.id.ual cases, treatment with pgtentially effective protocols
could be initiated earlier, when these patients have a better chance of

mg: milligram (s) cure. The concept of the early detection of metastatic lesions has oc-

. cupied many researchers in the search for more sensitive techniques.
dl: decilitre (s)

Most published material on prediction of the appearance of meta-

ml: millilitre (s) static lesions after resection of colorectal cancer has focused on find-

sec: second (s) ings in the primary .tumors of pat?ents who subsequently developed
metastases [4,5], with controversial results. Recently, reports have
cm: centimetre (s) indicated a shift of attention to the metastatic organ itself. Color Dop-

pler ultrasonography has been shown to associate the presence of liv-
er metastasis too small to be detected on CT images with an increased
mA: milliampere (s) ratio of hepatic arterial to total liver blood flow [6]. The mechanism
underlying this phenomenon is unclear, but there are suggestions of

kVp: kilo Volt peek (s)
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a circulating vasoactive agent [7] with background evidence of a
change in hepatic perfusion due to increased splanchnic vascular re-
sistance [8]. However, this method using Doppler ultrasonography is
strongly operator-dependent, and other groups could not reproduce
the same results [9-11].

Perfusion Computed Tomography (Perfusion CT) is a relatively
new technology that was primarily developed for brain perfusion,
and it has now also found its way into perfusion of different organs
[12-14]. It uses the enhancement pattern of contrast media over time
to determine perfusion parameters, which have provided effective
measurements in humans and animal experiments for evaluation of
tumor angiogenesis and antivascular chemotherapy [12,13,15]. The
functional information acquired with this new modality can be useful
for liver imaging as well [16]. Alterations in hepatic contrast enhance-
ment in morphologically normal livers using multidetector row CT
have been shown to indicate the subsequent development of metas-
tases and identify those patients with reduced survival [17,18]. There
have been no reports on the prediction of appearance of metastatic le-
sions using preoperative liver perfusion calculated with perfusion CT.

By revealing the perfusion differences between the livers of pa-
tients with and without synchronous metastases, this study examined
the potential of Perfusion CT to identify those patients with occult
metastasis. The short-term outcome of those patients without syn-
chronous overt metastases was also evaluated to determine liver per-
fusion parameter levels at risk for the future appearance of distant
metastases.

Methodology
Patient population

The study was approved by the ethics committee and written in-
formed consent was obtained from the patients before their study
participation. Patients were included in this study if they had histo-
pathologically proven colorectal cancer and pathological stage could
be determined after surgical resection. All patients underwent Perfu-
sion CT scans prior to surgical treatment, incorporated right before
the routine diagnostic exam using an additional 40 ml of contrast.
None of the patients had any liver perfusion diseases such as cirrho-
sis. Patients with inadequate renal function (serum creatinine over 2.0
mg/dl) were also excluded from the study. Between April 2006 and
December 2008, 58 patients, 35 men and 23 women (mean age 62.94
+ 10.6 years, range 43-83 years), met the criteria to participate in this
study. Sixteen patients had synchronous metastatic lesions, 13 to the
liver, 2 to the lung, and 1 to both. Diagnosis of hepatic metastases was
based on radiological findings from the portal phase of enhanced CT
scans, supported by angiography, MRI, or sonography. Metastases to
the lung was confirmed by surgical pathology in 1 patient, and diag-
nosis was based on the morphological characteristic of lung metasta-
sis by conventional CT in the other 2 patients.

All patients without evidence of metastatic disease underwent cu-
rative resection together with regional lymphadenectomy. Fifteen of
the patients with known synchronous distal metastases also under-
went resection of the primary tumor. One patient with multiple metas-
tases to both the liver and lung possessed an unresectable tumor due
to invasion to the retroperitoneum. Standard pathologic analysis was
performed on all resected surgical specimens, and biopsy specimen
was used for pathological analysis in the unresectable case. Each tu-
mor was staged according to the International Union Against Cancer
(UICC) classification [19].

After surgery, patients with distant metastases either received sys-
temic adjuvant chemotherapy or were prepared for subsequent resec-
tion. All stage III and IV patients received adjuvant chemotherapy, if
not contraindicated. Patients without synchronous distant metastases
were followed regularly according to established guidelines, with
routine physical examination, serum carcinoembryonic antigen, colo-
noscopic surveillance, and CT scans. These patients were subjected
to surveillance for at least one year, and none were lost to follow-up.
The median follow-up period was 19 months (range 12-29 months).

Perfusion CT imaging protocol

A 20-gauge venous cannula was placed in the forearm prior to
the scan. Perfusion CT was performed with a 16-row multidetector
CT scanner (Light speed Ultra 16; GE Medical Systems, Milwaukee,
WI). For initial localization of vessels, a non-enhanced scan of the
upper abdomen was obtained during a breath-hold at the end of inha-
lation. After localization, a 2-cm region including the slices passing
through both the portal vein and aorta was selected and 4 sequential
5-mm slice scans were performed for each patient. Images were ob-
tained 10 seconds after intravenous injection of 40 ml of Iomeprol
(Iomeron 300; Bracco Diagnostics, Princeton, NJ) containing 300 mg
of iodine per milliliter given at a rate of 5 ml/sec, followed by 40 ml
of saline chaser, by means of a dual power injector. The scanning
parameters were as follows: 5 mm reconstructed section thickness,
120 kVp, 60 mA. Seventy-five images per slice were acquired with a
continuous scan of over 40 seconds. After completion of the perfusion
scans, intravenous contrast was administered at 2 ml/kg and a routine
abdominal study was obtained by using 1.25-mm contiguous sections
(1-second gantry rotation time, 120kVp, 60mA). We set a delay time
of more than 5 minutes to avoid the possibility that contrast enhanced
liver from the previous perfusion scan could make less evident the
metastases at the diagnostic scan. All perfusion images were reviewed
by two or more members of the radiological team of our department,
with more than 5 years of experience in gastrointestinal radiological
imaging.

Image analysis

The data were transferred to an image processing workstation
(Advantage Workstation 4.2, GE Medical Systems, Milwaukee, WI)
and analyzed by using commercial deconvolution-based CT perfu-
sion software (Functool 2.6; GE Medical Systems, Milwaukee, WI).
The liver is an organ with a dual blood supply, and the following
pharmacokinetic model was adopted to take both into account:

Ct(t) = F *[HAF * Ca(t) + (1 - HAF)* Cp(t)]

BF:j’%d
" R(1)

Where *denotes the convolution operator. When iodinated con-
trast material can be considered as a purely intravascular tracer on
dynamic CT, concentration of the contrast material within tissue Ct(t)
can be obtained with the hepatic arterial input Ca(t) and portal input
Cp(t). Hepatic Arterial Fraction (HAF) is the percentage ratio of in-
puts. These inputs were determined by placing a Region of Interest
(ROI) over the abdominal aorta, as a surrogate for the hepatic artery,
and the portal venous trunk. A time-density curve for each input is
generated by these ROIs. The change in contrast material volume is
shown as the impulse residue function R (t), and when F is constant
in time, we can calculate Ct(t), Ca(t), and Cp(t) from the ROIs. With
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the deconvolution method we can calculate FeR(t) and its height, to
determine blood flow (BF, ml/min/100g tissue).

The hepatic tissue ROI was set over the whole liver, drawn free-
hand along the peripheral margin, and care was taken to avoid in-
cluding visible hepatic vessels. Lesions such as metastatic tumors
and cysts were also excluded from the ROI area. Movements were
corrected manually by adjusting the ROI position on each frame so as
to encompass the same region for the whole dynamic sequence. This
process was repeated 3 times for each scan.

The BF and HAF values were calculated in the workstation and
a functional map was displayed in colors ranging from blue to red,
with red being the higher range of display. The Perfusion CT param-
eter values within the hand-drawn ROI area were averaged within the
whole liver, and then across the 4 sequential slice. We then compared
the parameters with the histopathological characteristics of the prima-
ry colorectal tumor.

Statistical analysis

All statistical analyses were performed using Stat View-J Version
5.0 (SAS Institute Inc., Cary, NC). Nonparametric Mann-Whitney
U test was used for comparisons of quantitative values and P values
were calculated for each comparison. All P values were two-tailed,
and P values of 0.05 or less were considered statistically significant.

Results

Perfusion CT parameters in various histopathological
background

The demographic data and clinicopathologic characteristics of all
patients are summarized in table 1. Of the 58 patients with colorec-
tal cancer, 16 were shown to have synchronous distant metastasis.
Thirteen possessed liver metastases, 2 had lung metastases, and 1
had both. The median total hepatic blood flow of all patients was 154
ml/min/100g, and the hepatic arterial fraction was 21.8%. Univari-
ate analysis showed that 8 significant factors were correlated to the
perfusion parameters: Sex, tumor size, depth, lymph node metastasis,
stage, lymphovascular invasion, synchronous and postoperative me-
tastasis. No significant correlation was found between BF or HAF and
age, location or histopathological differentiation. There was a signifi-
cant increase in hepatic blood flow with tumor size over 5cm in com-
parison to Scm and under, and with T3/T4 compared to Tis/T1/T2.
The presence of lymph node metastases also increased BF in com-
parison to their absence. Advanced cases of stages III/IV according
to TNM staging had higher BF than the earlier staged cases of 0/I/11.

Comparison of Perfusion CT parameters between livers
with and without synchronous distant metastases

We also observed significant differences between the perfusion
values of livers with and without metastatic lesions. BF in cases with
overt distant metastasis significantly increased compared to cases
without. There was no significant difference in HAF values between
livers with and without metastases. However, when BF was compared
between cases with overt metastases and stage 0/ cases, which are
unlikely to have any risk for distant metastases and therefore can
substitute for normal control, the difference became statistically sig-
nificant (Table 2). Both BF and HAF were lower in stage 0/1 cases
compared to metastatic cases.

Variables patients I?F (ml/ P value HAF (%) P value
min/100g)
All 58 154 21.8
Age (years)
<65 31 176 22.1
0.6795 0.8577
=65 27 162 21.3
Sex
Male 35 185 24
0.1033 0.0183
Female 23 145 18.3
Tumor size
<5cm 32 146 20.2
0.023 0.1257
> 5cm 26 202 239
Location
Colon 32 173 21.2
0.6729 0.7075
Rectum 26 165 22.4
Differentiation
Well, Moderate 54 164 21.5
0.0857 0.2314
Poor 4 239 254
Depth
~T2 14 99 17.1
0.0003 0.0135
T3~ 44 192 232
Lymph node metastases
No 28 128 19.6
0.0009 0.0266
Yes 30 208 23.7
TNM stage
0/1/11 26 120 19.2
0.0001 0.0126
1I/1vV 32 210 23.8
Lymphovascular invasion*
Absent 27 138 19.5
0.0057 0.1014
Present 30 199 23.5
Synchronous metastases
Absent 42 148 21
0.0011 0.195
Present 16 226 23.5
Postoperative metastases
Absent 36 137 19.9
0.0235 0.0043
Present 7 211 27.9
Table 1: Median values of Perfusion CT derived parameters and different variables.
Note: *Lymphovascular invasion was assessed in 57 patients whose cancer specimens
were surgically resectable.
hepati
belp @ :lc Arterial
Variables patients 00 P value fraction P value
flow (ml/ )
min/100g) i
Stage 0/1 /1 13 91 16.3
<0.0001 0.0097
Stage IV 16 226 235
Table 2: Median values of hepatic blood flow and arterial fraction compared between
patients with overt metastases and stage 0/I colorectal cancers.

Perfusion CT and short-term outcome

In the 42 cases diagnosed as stage I1I and under, preoperative liver
perfusion parameters were compared between cases which did and
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did not develop postoperative metastases. There was a significant in-  gest that changes in hepatic hemodynamics may not be purely local.
crease in HAF in the 7 cases with postoperative metastases compared  Early flow alterations have been reported to be at least partly due to
to those with no recurrence. The metastatic lesions appearing in the = some kind of humoral tumor effect on several vascular targets, locally
early periods of postoperative follow-up are summarized in table 3, or more distally at the splanchnic network [7]. Whether this circulat-
3 metastases to the liver, 3 to the lung, and 1 to both. There was no  ing agent is a tumor product or an endogenous agent remains unclear.
difference in BF or HAF in terms of metastasis location, liver, lung  Circulating tumor cells in peripheral blood coexisting with occult
or both. The median BF and HAF values in the metastatic cases were  distant metastases of colorectal cancer patients have been detected
194 ml/min/100g and 29.4%, but there was no definite parameter lev-  [28,29], and such tumor cells may be associated with the vasoactive

el that would indicate a risk for future metastases. process. Another explanation for the change in hemodynamics prior
Case Tumor Tumor size depth Lymph node TNM stage Lympho- BE . (ml/ HAF (%) Time to Site of metas-
(cm) metastases min/100g) tases
Location Vascul?r in- recurrence
vasion
(months)
1 colon 4.5 ss - 11 - 135 9.27 18 lung
2 colon 5.5 ss - 1I - 191 31.95 15 liver
3 rectum 3 ss - 11 + 194 344 12 lung
4 rectum 3 ss + 111 + 103 25.35 6 liver lung
5 colon 2.9 ss + 11 + 228 29.4 4 liver
6 colon 2.5 se + 111 + 295 22.77 15 liver
7 rectum 5.5 ss + 111 + 396 31.9 18 lung
Table 3: Clinicopathological factors and perfusion parameters of 7 cases with postoperative metastases appearing during follow-up.

to metastases could be the premetastic niche, or the change in the mi-
croenvironment as preparation for the metastases to grow [30]. There
The normal liver receives approximately 20-30% of its blood have been reports on the process of cancer metastases to depend not
supply via the hepatic artery and the remainder by the portal vein. — only on the existence of circulating products from the primary tumor,
This proportion between hepatic artery and portal perfusion varies ac-  but also on the change in the environment of the metastatic organ
cording to the pathologic status of the liver. In chronic liver diseases, itself [31,32]. Any of these speculations could lead to the possibility
the increase in intrahepatic vascular resistance decreases the fraction  of detecting hepatic hemodynamic changes accompanying occult me-
of portal hepatic blood flow. This decrease is partially compensated ~ tastases as shown in our study with Perfusion CT.
for by an increase in arterial inflow [20]. It is well documented that
hepatocellular carcinomas are mainly supplied by the hepatic artery
[21], and as for metastatic lesions, portal blood flow decreases over
the evolution of the lesion and is replaced by the hepatic artery by a
process of neoangiogenesis in late stages [22,23]. These observations
suggest that quantitative measurement of hepatic arterial and portal

Discussion

blood flow may prove useful for identifying patients with hepatic tu-
mors before they become visible by conventional imaging modalities.
CT imaging of the liver has delivered promising results in this area.
Quantification of liver perfusion parameters with contrast-enhanced
CT enabled early detection of hepatocellular carcinoma in rats [24].
Micro metastases in a morphologically normal rat liver was shown to
cause alterations in liver blood flow [25] (Figure 1).

As venous drainage of the colon is via the portal system, the first
site of hematogenous spread of malignancy has always been regarded
as the liver. Upon follow-up of the patients without synchronous overt | Figure 1:
metastases, we encountered 3 patients with postoperative metastases ) ) ) )

. . .. . Case 1: A) CT image of a 56 year old female with rectal cancer shows region of interest
to the liver, 3 to the lung, and 1 to both, all with a significant change in placed within the aorta and portal vein. B) Perfusion map of hepatic blood flow shows
hepatic flow. Among cases with metastases only to the lung, the possi- a blue-green liver, meaning a low degree of perfusion with an average BF of 92.4 ml/

: : _ min/100g. C) Perfusion map of hepatic arterial fraction shows the average HAF to be
ble existence of occult liver metastases th.at are yet to become appar 23.1%. Although the resected cancer invaded the serosa, with lymph node metastases,
ent on near-future CT scans must be considered, although metastases  the patient has been recurrence free for 2 years.
bypassing the liver have been mentioned in several reports over the ) .

. . . . Case 2: D) A 67 year old male with cancer to the cecum presented subserosal invasion
yea'rs, lnCl.udlng to the' lungs and thyroid [26,27]. An elevatlo.n of he' with no lymph node metastases. Six months into postoperative follow-up, a metastatic
patic arterial flow dur]ng the early stage of metastases formation with lesion to the liver appeared on CT. E) The preoperative perfusion map of liver blood
minimal reduction in portal flow has been reported on the basis of flow shows the liver to be mainly red, the average BF of 191 ml/min/100g. F) Preoper-

. ative assessment of HAF showed 32.0%.
Doppler ultrasound measurements [8]. These observations may sug-
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We evaluated BF and HAF of the liver parenchyma at the time
of diagnosis of the primary colorectal cancer. When comparing the
perfusion parameters of the liver with and without metastases, there
was no change in HAF. Livers possessing metastases large enough to
become overt on conventional CT have been reported to change the
blood flow within the organ due to mechanical obstruction [33]. An-
giogenesis surrounding large tumors may become activated to the ex-
tent that total blood flow will increase, but at the same time mechani-
cal tumor compression may result in the reduction of both arterial and
portal flow. This hypothesis would only be true for metastases to the
liver, but 15 out of the 16 known synchronous distant metastases were
to the liver, an observation that may provide a reasonable explanation
for the rise in BF of the whole liver despite unaltered HAF.

On the other hand, both parameters were statistically elevated in
patients who later developed distant metastases compared to those
who did not. These findings suggest that patients who subsequently
develop metastases already have altered hepatic hemodynamics be-
fore lesions can be visualized on conventional helical CT scans. At
the time of diagnosis, about 25% of patients are believed to possess
occult liver metastases [34]. About 10% of colorectal cancer patients
have lung metastases [35,36], with only 10% of these being isolated
in the absence of liver metastases [37,38], indicating an extremely
low incidence for any assessment of occult disease. Most of these
occult metastases already present at the time of surgical resection of
the primary tumor are said to become apparent during the first 2 years
of follow-up [39]. If these occult metastases are able to be detected
beforehand, patients in need of more aggressive adjuvant therapies
and close follow-up could be distinguished. A biological marker for
these occult metastases is urgently needed.

To date, the most useful criterion for predicting residual micro-
scopic disease is the presence of lymph node metastases, although
other criteria such as the presence of venous invasion [4], a deeper
level of invasion, and less differentiation of the carcinoma [40] may
also be important. To reduce the incidence of recurrent metastases,
adjuvant systemic chemotherapy is recommended for all patients
with node-positive colorectal cancer [41]. Up to 30% of patients with
node-negative cancer will develop recurrent disease, including liver
metastases [42,43], but adjuvant systemic treatment of all node-nega-
tive patients would lead to overtreatment and unnecessary complica-
tions since survival benefits have not yet been proven [44]. Node-neg-
ative colorectal cancer patients with higher risks of recurrence have
been reported to include those presenting with bowel obstruction or
perforation, T4 invasion, lymphovascular invasion, poorly differenti-
ated histology, and inadequate lymph node sampling [45]. However,
none of our stage II patients with distant recurrence presented any of
these poor prognostic factors. Combined with the known risk factors,
preoperative assessment of liver perfusion may be useful for identi-
fying high-risk stage II patients who may benefit from adjuvant ther-
apy. The earlier identification of these patients would also facilitate
the use of other strategies such as antiangiogenetic therapies targeted
against vascular endothelial growth factors. Promising results have
been demonstrated as in the effective use of bevacizumab in colorec-
tal cancer [46].

Another important factor of this study is that distant metastases
could occur in colorectal cancer patients with a variety of histopatho-
logical backgrounds, and therefore traditional staging systems are in-
sufficient to accurately predict outcome. The addition of hepatic per-
fusion assessment to the more traditional TNM staging may improve

outcome prediction, as these parameters could be used to recognize
those who should be considered for adjuvant therapy.

Our short-term follow-up of one year may be too short to make
assumptions on predictive factors for metastases, and our assessments
are preliminary. We were unable to clearly define a threshold for de-
termining the level of perfusion parameters at risk for metastases,
due to the number of patients with developing metastases. Howev-
er, there have been a number of other reports on the prediction of
short-term outcome with hepatic hemodynamic changes [23,47], and
if our results along with those preliminary reports are subsequently
confirmed, they will demonstrate a statistically significant advantage
for postoperative chemotherapy.

This study has highlighted the fact that changes in hepatic perfu-
sion are due to the appearance of metastatic lesions, and Perfusion CT
may be a method for identifying the smallest changes in liver blood
flow to detect the presence of metastases before visualization by any
other imaging modality.
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