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Abstract

Colorectal cancer is the second leading cause of cancer death in the developed world, due to formation of distant metas-
tases. The liver is a primary target organ of metastatic lesions, which substantially influence the morbidity of the disease.
Prompt diagnosis of colorectal liver metastases leads to early treatment, which favours a better prognosis. Consequently,
the diagnostic process has shifted from traditional clinical and biochemical procedures to technologically advanced im-
aging modalities, such as CT, MRI, FDG-PET and PET-CT.

However, the only current curative therapeutic approach is the surgical resection of metastases, using the new methods
of tissue excision and haemostasis. New therapeutic modalities like cryo- or radiofrequency ablation and portal vein
embolisation as well as pharmaceutical innovations such as hepatic arterial infusion chemotherapy, isolated hepatic per-
fusion and contemporary chemotherapeutic regimens have emerged. While still under evaluation, they present promise

for the future treatment of unresectable liver metastases. Hippokratia 2008; 12 (3): 132-138
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Colorectal cancer is the 3™ most common malignancy
worldwide!, with over 1 million new cases reported each
year®3. It is the second cause of cancer death in North
America and Western Europe®. In Europe during the year
2004, 203700 deaths were reported. In the UK, approxi-
mately 34500 new cases and 16200 deaths from colorec-
tal cancer were registered in 2001°. The disease affects
people of advanced age; 93% of all cases are diagnosed
in people over 50 years and half of them are older than
706 .

Colorectal cancer metastasises to various organs, with
the lymph nodes being the most frequent, followed by the
liver and lungs'. By the time of diagnosis, about 25% of
patients have liver metastases (synchronous metastases);
another 25%-30% will present hepatic lesions in the fol-
lowing 2-3 years (metachronous metastases). The overall
life expectancy is mainly determined by the progression
of liver secondary disease and not by the primary carci-
noma, even in patients with an isolated hepatic tumour.
Without treatment, life expectancy is less than 1 year*
(Figure 1).

Diagnosis of colorectal liver metastasis

The diagnostic process starts with a detailed medical
history and a thorough physical examination. However,
metastatic liver disease is usually diagnosed presymp-
tomatically, through imaging. At the onset, virtually no
evident symptoms or signs are present’; high temperature
of unknown origin or unexplained episodes of thrombo-

embolism may occur, but they are attributed to metasta-
ses only much later, when the disease has evolved. Large
liver tumours may induce right upper quadrant or gener-
alised abdominal pain. Additionally, weight loss and/or
metabolic disturbances may develop. As the disease pro-
gresses, ascites, jaundice, portal hypertension, encepha-
lopathy augur a bad prognosis’.

Laboratory tests like carcino-embryonic antigen
(CEA) and biochemical markers for liver function evalu-
ation are routinely used and support the diagnosis, though
without great accuracy (Table 1).

Only contemporary imaging modalities may estab-
lish an early reliable diagnosis'®'". Spiral computerised
tomography (CT) or magnetic resonance imaging (MRI)
show high accuracy in the detection and characterisa-

Figure 1: Liver with metastatic colorectal adenocarcinoma.
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Table 1: Sensitivity of liver markers for the detection of
colorectal liver metastases

Study Liver markers Sensitivity
Ottmar et al® ALP, SGOT, SGPT 64%, 44%, 41%
Mielczarek et al’ Arginase 85%
SGOT,SGPT 30%
CEA 63%
CA 199 42%
ALP: Alkaline Phosphatase

tion of liver lesions. They are the considered methods of
choice in deciding surgical resectability or the determi-
nation of an adjuvant therapy'!. Imaging is improved by
contrast agents, such as iodine for CT and gadolinium or
superparamagnetic iron oxide for MRI'2. CT or MRI may
be chosen according to the local infrastructure of each
centre (costs, availability and expertise) and the special
characteristics of each examination. CT is a radioactive
procedure and the use of iodine may provoke renal in-
sufficiency or allergy; also, it is only 45% to 53% ac-
curate in the detection of metachronous tumours, due to
distorted liver anatomy after a surgical resection'"'*. MRI
on the other hand demands higher functional cost, longer
time and prolonged breath holding by the patient!"-!%1516,
Ultrasonography is not recommended in the primary di-
agnosis, due to its low accuracy'''®. However, it is often
used in the detection of metachronous tumours as an ini-
tial imaging modality, because it is non invasive, inex-
pensive and widely available'.

FDG-PET is probably the most important imaging
innovation, in the diagnosis of liver tumours. FDG ('$F-
flourodeoxyglucose) is a glucose analogue, which cannot
undergo glycolysis and as colorectal metastases usually
contain glucose in high concentration, this compound is
used to localize them through positron emission tomog-
raphy (PET)'*“'2, FDG-PET can detect primary or recur-
rent, malignant or benign lesions, throughout the body,
with high contrast resolution. Unfortunately, this method
is unable to locate the tumours precisely'®!.

More accurate tumour detection is achieved, when
PET is combined with CT'*!4 PET/CT aims to improve
PET’s poor anatomical reference, with CT’s high spatial
resolution. It uses 2 scans located side by side, in order to
compare the provided images. Integration of these images
with expensive, specialised software makes the procedure
even more effective. Though, certain preconditions need
to be fulfilled: identical patient positioning during PET
and CT, difficult to follow breathing instructions, limited
time gap between the two combined methods, great expe-
rience, and deep knowledge of a complicated software'.
Hybrid hardware PET/CT fuses PET with CT in order to
facilitate clinical practice, but the results are still prema-
ture. In the future, other new imaging modalities will ap-

pear, such as PET/MRI, which is expected to be clinically
available by the end of the decade'. As clinical experi-
ence increases and all these high technological advances
are tested in everyday practice, diagnosis of colorectal
liver metastases will become more rapid, accurate and
less time and money consuming.

Laparoscopy has no role in the diagnostic process
due to its invasiveness and the small prevalence of ex-
trahepatic disease. Similarly, biopsies should not be per-
formed, because of the high risk of developing needle
tract metastases'?. Studies, which evaluated fine needle
aspiration (FNA) for detection of various liver lesions,
recorded 0.4% to 5.1% incidence of needle tract metas-
tases'”.

Treatment of colorectal liver metastases
Surgery

Surgery is the treatment of choice and the only mo-
dality which may be considered as curative. However,
only 10-25% of patients with hepatic metastases are eli-
gible for curative surgical resection. Postoperative mor-
tality is lower than 5%, especially in medical centres with
high expertise, due to better knowledge of liver anatomy,
efficient bleeding control during the operation and wide
use of intra operative ultrasonography. Five year survival
ranges from 25-39%5%".

The following criteria define a potential curative
operation'?: a) Ro resection (no microscopic residual tu-
mour after the surgical procedure) with surgical margins
> lem, b) residual liver volume >30% of total liver paren-
chyma c¢) No presence of extrahepatic disease, d) Patients
with adequate cardiopulmonary function.

A clinical risk scoring system, presented in 1999,
evaluated the surgical eligibility or the necessity of post-
operative chemotherapy using 5 criteria'®: a) Node posi-
tive primary tumour, b) Disease free interval between co-
lon resection and appearance of metastases < 12 months,
¢) Tumour > 5 c¢cm, d) >1 tumours, ¢) CEA > 4200 ng/ml

This has become very popular and seems to be valu-
able for preoperative patient evaluation'*'*. Nevertheless,
this optimistic expectation is not widely shared. A study
from Mayo clinic USA", evaluated all major scoring sys-
tems referring to patients with colorectal liver metastases
and concluded that the available systems could not in any
case be used in patient selection for hepatic metastases
resection (Table 2). This American study revised 662
medical records from 1960 to 1995 and showed an over-
all survival of 37%; the probability of recurrence at any
site was 65% within 5 years. Additionally, it was revealed
that only blood transfusion and positive hepatoduodenal
lymph nodes could be used postoperatively, as predictive
means for survival or recurrence of the disease.

In clinical practice, there are several poorly defined
aspects in patient selection and surgical feasibility.

Ambiguous issues in surgery:

Dependent on the anatomic location of a colorectal
cancer liver metastasis, surgical margins <lcm are ac-
ceptable, as long as radical resection can be achieved'®.
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Table 2: Major clinical risk scoring systems for colorectal
liver metastases, evaluated by the Mayo study 2007

| Clinical risk scoring system
0

‘ Patients studied |

‘When metastases are present in the lymph nodes of the
liver hilum, a curative resection can still be attempted, if an
extended lymphadenectomy is performed'?. However, vari-
ous studies have recorded disappointing results after hepat-
ic lymphadenectomy. Nordlinger et al studying a sample of
1256 patients with colorectal liver metastases, performed
radical lymph node extraction in 100, who had infiltrations
in the hepatic pedicle and presented 12% 3 year survival®.
Furthermore, Jaeck et al studying 160 patients with liver
metastases and 17 with coexistent positive lymph nodes,
recorded 19% 3 year survival after lymphadenectomy?-*.
These dismal observations lead to severe doubts for the
necessity of radical lymphadenectomy, as the palliative
chemotherapy can achieve the same outcome??*.

Limited lung metastases without mediastinal lymph
node involvement, is not considered a contraindication
for resection, if resection of a limited number of lung
metastases follows radical hepatic surgery'>!¢. Colorec-
tal pulmonary metastasectomy was first performed by
the American surgeon Alfred Blalock in 1944?2. Mc Cor-
mack et al, in 1992, studied 144 patients with colorectal
lung metastases, who underwent complete metastasec-
tomy. Fifty seven presented a single lesion. The overall
5 year survival was 40%?%. The International Registry of
Lung metastases studying 5206 patients with pulmonary
metastases of various primary sites, announced the fol-
lowing 3 prognostic factors: Ro resection, time free of
disease > 36 months, single metastasis®*?,

Assessing extrahepatic lesions in multiple sites in
84 patients with colorectal liver metastases, Elias et al
presented an overall 5-year survival rate of 32%. They
concluded that the total number of metastases (hepatic or
extrahepatic) had the primary prognostic value and not
the site; if they can be resected, one liver and one extra-
hepatic metastasis have similar prognosis to two isolated
liver metastases?’.

Hepatectomy in older patients may be performed,
when good cardiopulmonary function is present. Postop-
erative median survival for patients older than 70 years is
up to 33 months and 22% live for 5 years'>.

Simultaneous resection of primary colorectal carci-
noma and hepatic metastases should be avoided due to
higher complication rate. Hepatic resection could follow
primary resection after 2-3 months'®. However, 3 studies
from Memorial Sloan- Kettering Cancer Centre?®, Mayo
Clinic® and Glasgow* concluded that synchronous colon
and liver resection does not induce further postoperative
complications, achieves shorter hospital stay and permits
prompt adjuvant therapy*.

More than 4 lesions in a hepatic lobe or bilobar me-
tastases reject resectability and should be treated with

chemotherapy or ablation??. Nevertheless, Minagawa et
al’! recorded 29% 10 year postoperative survival in pa-
tients with more than 4 hepatic lesions. In a series of 1001
patients, Fong et al'® recorded no statistically significant
difference in survival or tumour-free interval for unilobar
or bilobar lesions. Similarly, Ercolani et al** reported that
total tumour volume is more important than the location
or the number of hepatic lesions. They concluded that
multiple or bilobar tumours have better prognosis, if the
total volume is smaller than 125 cm?, in comparison with
solitary metastases larger than 380 cm? 32,

If surgical margins are at least 1 cm, the amount of
resected liver has no prognostic value. Also, palliative re-
section has no place in the treatment of colorectal cancer
hepatic metastases, since overall survival is comparable
to unresected patients**. However, French hepatobiliary
medical centres have announced results of two stage hep-
atectomy in carefully selected patients, in order to treat
multiple and bilobar lesions; some of the metastases were
resected first in a non curative operation and the rest were
excised after liver regeneration had occurred**>. The
result of a third hepatectomy has also been reported?.
These aggressive surgical treatments are only performed
in strict protocols and attempt to offer life prolongation to
patients with an unfavourable prognosis®’.

While many clinical issues are not well defined, there
are some contraindications for the resection of hepatic
metastases, which are generally accepted (Table 3).

Unfortunately, the disease recurs within 30 months in
up to 80% of patients who have undergone hepatic resec-
tion; 30% of the recurrences are confined to the liver and
are resectable in 23-33%'3%, A follow up every 3 months
for the first 2 years and thereafter every six months until
5 years is suggested to detect early recurrences (meta-
chronous metastases) and select candidates for repeat re-
section. Postoperative follow up should include clinical
examination, CEA measurement and chest and abdomen
CT'>%, Repeated hepatectomy is associated with a 5-year
survival similar to the first hepatectomy!2.

Nowadays, surgery is assisted by various new thera-
peutic modalities, which treat unresectable disease. The
following methods are promising therapeutic choices,
though most of them still under evaluation. They require
meticulous patient selection and frequently provide suc-
cessful results only in the hands of experts, in advanced
medical centres.

Table 3: Absolute contraindications for the resection of he-
patic metastases®'®

Parameter Characteristics which contraindicate a resection
Lesions Extrahepatic

Liver tumours >10cm

Liver segments involved >6

Cardiopulmonary status Bad

Necessary liver resection >70%

Ro resection Not feasible
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Ablation

Liver metastatic carcinoma may be destroyed either
by heat application (radiofrequency ablation “RFA”, la-
ser therapy), cold (cryotherapy) or by chemical injection
(ethanol). Cryo-therapy and RFA are the most widely ac-
cepted and most studied ablative methods'>?’.

In cryotherapy, a liquid nitrogen filled cryoprobe is
inserted into the tumour and cycles of freezing and thaw-
ing are induced. At the end, cellular water is turned into
an ice ball and the tumour is destroyed. The cryoprobe
is too big for percutaneous use, so cryotherapy can only
accompany either an open or a laparoscopic surgical ap-
proach®!537,

RFA is a surgical procedure, whose principles were
initially described by the French biophysicist Jacques-Ar-
séne d’Arsonval in 1891%°. It uses an RF electrode, which
enters the centre of a hepatic lesion percutaneously, under
US or CT guidance, laparoscopically or during open sur-
gery. The electrode generates extreme heat in the tumour,
due to tissue friction and leads to coagulative necrosis'.
RFA can substitute for surgical resection, when adequate
margins are not possible to achieve, postoperative liver
reserve is considered inadequate or when coexistent mor-
bidity favours the method®. Unlike cryotherapy, where
major blood vessels act as heat sinks and inhibit tissue
freezing close to them, RFA can be used near major vas-
cular structures, coagulating surrounding tissue but leav-
ing intact the vascular endothelium®. However, various
complications may threaten the patient; symptomatic
pleural effusions, fever, pain, liver hematomas, biliary
tree- hepatic artery or diaphragmatic injuries, coagulopa-
thy and hepatic abscesses are some of the most serious'.
The procedure was evaluated recently with respect to
complications and death rate in a large multicenter study;
3554 lesions were examined, 693 being liver metastases,
and mortality and morbidity rates were estimated around
0.3% and 7.2% respectively®. Generally, ablation is con-
sidered a promising technique and RFA is its most suc-
cessful form!'.

Portal vein embolisation (PVE)

This involves a percutaneous radiologic approach and
deprives portal blood flow to the liver segments that are
planned for resection. In 3-4 weeks, atrophy is induced in
the embolised parts, accompanied by hypertrophy of the
contralateral remnant'’. PVE is used in hepatobiliary cen-
tres of great expertise for patients who cannot undergo
hepatic resection so far, due to insufficient postoperative
liver remnant. Only retrospective or short prospective
studies have assessed the outcome. An early series of 10
patients presented a 3% complication rate and no evi-
dence of contralateral tumour growth stimulation*'. On
the contrary, in another study including 48 patients who
underwent PVE, growth of the hepatic parenchyma and
metastases was measured in 5 cases. An intense growth
of metastases was recorded in the regenerating liver lobe.
Compared to the regenerating normal parenchyma, me-
tastases showed 1.0 to 15.6 times higher growth rate in

these 5 patients*’. However, this last study did not evalu-
ate the growth rate of the metastases before the operation,
so it is not possible to conclude if the increased growth
rate could be attributed to PVE. These contradictory re-
sults necessitate further evaluation of PVE.

Hepatic arterial infusion chemotherapy (HAI)

The initial description of this procedure dates
back to 1960, but considering the technical difficulties
and the serious complications, it remained unpopular
among radiologists and oncologists. Its principle is
based on the fact that the hepatic artery mostly supplies
liver tumours, whereas the portal vein supplies blood
to the hepatic parenchyma®. The procedure involves
the surgical or subcutaneous placement of a catheter in
the hepatic artery and the infusion of one or more che-
motherapeutic agents at a fixed rate, with the aid of a
subcutaneous pump*#, Suitable patients are those who
present with liver confined disease, no portal throm-
bosis or impairment of hepatic function and have un-
dergone a hepatic angiography for vascular anatomy
determination.

Various drugs are used with HAI: 5-fluorouracil (5-
FU), mitomycin, cisplatin, doxorubicin and 5-fluoro-2’-
deoxyrubicin (FUDR), which is the most common*#,
Unfortunately, serious complications may occur: either
treatment related, like chemical hepatitis, biliary sclero-
sis, peptic ulceration or pump related, like hepatic artery
thrombosis, catheter displacement, hematomas and infec-
tions.

Several studies have assessed the efficacy of HAI,
though, with contradictory results (Table 4). While only
the study of Kemmeny et al showed statistically signifi-
cant difference between HAI and intravenous chemo-
therapy, all the studies in Table 4 concluded in favour of
HAI44-46'

Table 4: Studies evaluating HAI

Study Patients | Compared chemotherapeutic regimens Results
Meta Analysis 600 e HAI: FUDR No statistical
Group in e FUDRi.v. difference
Cancer, 1996 o S5-FUiv.
Harmantas et meta- e HAI: FUDR No statistical
al, 1996 analysis e HAI 5-FU difference
of 6 e Systemic chemotherapy
articles
Kemmeny et 135 e HAIL: FUDR+LV+Dexamethasone 2.9 month
al, 2003 “4 e 5-FU+LViv. benefit for
HAI (22.7 vs
19.8)
HALI: Hepatic Arterial Infusion
FUDR: Floxuridin
5-FU: 5-Fluorouracil
LV: Leucovorin (folinic acid)
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In general, hepatic artery infusion chemotherapy is
technically highly demanding and presents the most fa-
vourable results in experienced medical centres. More-
over, patients must be very carefully selected, as compli-
cations may be numerous and serious.

The development of the systemic chemotherapy will
probably reduce even more the role of HAI in the future
or else it will find a new place in colorectal liver metas-
tases therapy.

Isolated hepatic perfusion (IHP)

This technically complex method demands complete
vascular liver isolation, with the aid of catheters and a
heart-lung machine, before high concentrations of che-
motherapeutic antitumour agents are infused. Conse-
quently, it is used only in large specialised medical cen-
tres, usually transplantation centres, when hepatic lesions
cannot be resected or ablated. With no systemic toxicity,
various compounds have been utilised like mitomycin C,
5-FU and melphalan with or without TNFa in high doses,
combined with mild hyperthermia (40°C)*. Melphalan,
an alkylating agent, is the most employed drug in recent
studies and the response rate is up to 75% and medial
survival 27 months*#.

Neoadjuvant chemotherapy

Presurgical chemotherapy may be considered for un-
resectable lesions, aiming at surgical resectability. Mul-
tiple studies assessed the method and the succeeded re-
sectability ranged from 6 to 33% (Table 5).

Table 5: Neoadjuvant chemotherapy for unresectable
colorectal liver metastases

Study Patients Drugs Resection achieved
Bismuth et al, 1996™ 330 FOLFOX 16%
Wein et al, 2001°" 53 Oxaliplatin+ 5-FU+LV 11%
Alberts et al, 2005 42 FOLFOX 33%
Falcone et al, 2006’ 122 FOLFIRI 6%

FOLFOX: Folinic acid (leucovorin)+5-Fluorouracil+Oxaliplatin
FOLFIRI: Folinic acid (leucovorin)+5-Fluorouracil+Irinotecan
5-FU: 5-Fluorouracil

LV: Leucovorin (folinic acid)

The drug combinations in Table 5, with the addition
of cetuximab (chimeric monoclonal antibody directed
against EGRF in patients EGRF+) or bevacizumab
(monoclonal antibody against VEGF) have been studied
in resectable hepatic malignancies, as well. The aim was
to decrease the metastatic bulk, treat micrometastases
and assess chemotherapeutic efficacy™. While, success-
ful results occurred in carefully selected cases, severe
complications may put the patient in danger. Steatosis,
steatohepatitis, hemorrhagic central nodular necrosis,
splenomegaly, progression of new metastases and sur-
vival of resistant clones are daunting risks for patients
eligible for a potential curative operation®.

Chemotherapy

In case of extensive and unresectable metastases, sys-
temic chemotherapy is the standard treatment. 5-FU was
the first antitumour agent to be used in the early 1990s
in combination with folinic acid, against metastatic
colorectal cancer. It is a fluoropyrimidine, which inhib-
its thymidylate synthase (a key enzyme in pyrimidine
synthesis) and reduces pyrimidine availability for DNA
replication®. Nowadays, the combination of 5-FU and
leucovorin (LV) achieves a 20-30% 5 year overall sur-
vival®. However, newer chemo- therapeutic agents have
also been added and the triple regimen, (which involves
5-FU, LV and irinotecan or oxaliplatin) is the preferred
standard treatment today.

Irinotecan is a camptothecin derivative and acts as a
topoisomerase | inhibitor. Topoisomerases are enzymes
located in the cell nucleus which unwind DNA before
replication. Inhibition of their action causes DNA strand
breaks and failure of replication. Eventually, the cell dies.
As topoisomerase I is overexpressed in colorectal cancer,
irinotecan seems a potentially effective drug>. Oxaliplatin
on the other hand is a platinum compound, which inhibits
DNA replication by forming intra- and interstrand plati-
num-DNA crosslinks 3. A randomized study published in
2000%, compared 5-FU+LV with irinotecan+5-FU+LV.
The response rate and median survival 31% and 14 months
were against 49% and 17 months, respectively. Another
study®’, comparing the same regimens also concluded in
favour of the triple treatment. The response rate and me-
dian survival were 21% and 12.6 months against 39% and
14.8 months. An American study published in 2002, com-
pared oxaliplatin+5-FU+LV with irinotecan+5-FU+LV
and indicated a response rate of 38% and survival of 18.6
months against 29% and 14.1 months, respectively®.

Newer drugs, like cetuximab or bevacizumab are also
used in combination with first line therapy with good re-
sults. Bevacizumab in combination with FOLFIRI or 5-
FU+LV is licensed in the UK as a first line treatment of
colorectal cancer metastases®.

Radiation

Irradiation of the whole liver has been almost aban-
doned, because the organ cannot tolerate great doses. It
is well known from 1960, that if the entire liver receives
doses greater than 30-35 Gy, then radiation provoked liv-
er disease (RPLD) occurs®. The signs are anicteric asci-
tes and painful hepatomegaly, accompanied by transami-
nases and bilirubin elevation. Some patients also develop
liver failure and succumb to the disease’.

Today there are many techniques, which irradiate
only parts of the liver with high doses. Yttrium-90 mi-
crospheres showed promising results in selected patients,
despite considerable technical difficulties and dosimetry
inaccuracy>®. Interstitial brachytherapy using I'* seed im-
plants is another option, but presupposes open surgery.
Finally, stereotactic radiation and 3-D conformal external
beam radiation are also quite new methods, which will be
better evaluated in the near future™.
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Conclusions

Diagnosis and treatment of patients suffering from
hepatic metastases of colorectal cancer are rapidly chang-
ing fields. New diagnostic and therapeutic approaches
emerge in high frequency and significant knowledge has
been accumulated. Unfortunately, evaluation of all these
new techniques and chemotherapeutic drugs is still lim-
ited, uncertain and often difficult. Randomised controlled
studies are few to include every one of these new dis-
coveries and consequently, scientific knowledge remains
vague and ambiguous. Moreover, as surgery always pres-
ents the best outcomes, when resectability is feasible,
no clinical trial could randomise patients eligible for
surgery, in order to study another therapeutic approach.
Consequently, clinical experience and expert opinions, as
well as each medical centre’s expertise still determine the
infusion of a new antitumour agent, the use of a specific
imaging technique or the practice of an ablative method,
as there are no firm rules for the clinicians to follow.

New trials are currently underway and they will an-
swer some of the existing queries. However, more well
organised and unbiased studies are needed. Collaboration
among different specialities (surgeons, pharmacologists,
oncologists, radiologists, pathologists) appears compulso-
ry. The aim is to guarantee a more effective and evidence
based treatment for colorectal cancer liver metastasis.
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