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Abstract

Introduction: Five-year survival ratesof between 20% and 45% areachievablein patientsfollowing hepatectomyfor liver metastasesfrom
colorectal cancer. Sadly, agreat majority of patients present with unresectableliver diseasewith virtually nolong-term survival. This paper
reviews the development and role of preoperative chemotherapy in trying to downstage unresectable liver disease. Methods: The author
retrieved most of the citations by performing a PubMed search for studies related to preoperative chemotherapy followed by surgical
resection of liver metastases. Results: Larger serieshave reported resectability rates ranging from 10% to 40% for unresectable colorectal
liver metastases after treatment with preoperative chemotherapy. Chemotherapy generally consisted of oxaliplatin added to 5-fluorouracil/
leucovorin administered in a chronomodulated fashion. A median of about 5 to 10 months of treatment was necessary for adequate tumour
reduction. The5-year survival rates, after surgery, in completely resected patientswer e between 30% and 60%. Themajority of these patients
will relapse, of which half of these will remain confined to the liver. Patients who are able to undergo a repeat hepatectomy may achieve
long-termsurvival ratessimilar totheinitial resection. Preliminary datafromarecent study suggest that initial treatment with an oxaliplatin-
containing regimen may lead to a higher resectability rate compared to an irinotecan-containing combination (18% versus 7%). Selective
intra-arterial infusion has not demonstrated a clear advantage over systemic infusion and, if administered preoperatively, it may even
compromise the safety of surgery. Conclusions: Palliative chemotherapy remains the standard of care for unresectable colorectal liver
metastases. However, in carefully sel ected patients, neoadjuvant chemotherapy may be ableto downstagethediseaseadequately for curative

resection.
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I ntroduction

Colorectal cancer accounts for the most number of
deaths after lung cancer, bothinthe West aswell aslocally
in Singapore. Liver isthe most common site of metastasis
in colorectal cancer; an estimated 15%" of patients will
present synchronously, whilst approximately 50% will
develop hepatic secondaries at some point during the
course of their illness?3 In as many as a third of these
patients, the liver represents the sole site of metastasis.*
Without any treatment, the median survival is about 9
monthswithvirtually nolong-term survival .2° Although 5-
fluorouracil (5-FU) hasbeenin usefor the past 40 years, it
isonly during the past decade that palliative chemotherapy
has been shown to improve the quality of life and survival
for patients with metastatic colorectal cancer. It has since
been accepted asthe standard of care.” Thisislargely due
to the advent of biomodulation of 5-FU with leucovorin
(LV),whichresultsinsuperior responseratesand prolonged
survival compared to 5-FU alone®° In addition, the early

use of chemotherapy in asymptomatic patients appears to
be advantageous.® Despite these gains, median survival
remains modest at 12 months and long-term survival
remains elusive.

Liver metastasesfrom most other primary cancersreflect
a state of systemic dissemination and, as such, are not
candidates for curative resection. In contrast, surgical
resection of liver metastases from colorectal cancer is
potentialy curative and is, indeed, the only modality of
cure for selected patients. Thissituation is possible due to
2 unique differences. The portal venous drainage system
favours metastases to the liver without systemic
dissemination. Thiscan be seenin about one-third of cases
where the liver is the only site of spread. Metastatic
efficiency® has been suggested as a possible biological
basis for the development of oligometastases in the liver,
oftenafter arelatively great preponderanceof timefollowing
the primary surgery. Unknown host/tumour factor(s) lead
to the destruction of the majority of the microscopic
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depositswithinthelymphovascular channels, thusallowing
few or noneto progressto clinical disease. Unfortunately,
only 10%to0 20%of patientspresentingwithliver metastases
are amenable to curative resection.#%

Against a background of such modest results with
chemotherapy and such discouraging resectability ratesfor
liver metastases, the outlook has been generally gloomy.
The recent emergence of novel chemotherapeutic options
and the exciting concept of chronotherapy have led to the
development of highly effective, but significantly less,
toxic regimens. This, coupled with growing expertise in
liver surgery, may herald a new era by offering new hope
to patients with colorectal metastatic liver cancer.
Historically, chemotherapy has been administered both
pre- and postoperatively in an attempt to improve the
surgical outcome. Adjuvant chemotherapy aimsto destroy
residual microscopic metastases while neoadjuvant
chemotherapy aimsto render what isinitially unresectable
to become potentialy resectable. The purpose of this
articleistoreview thedevel opment and rol e of neoadjuvant
chemotherapy in patientswith unresectabl ecolorectal liver
metastases.

Surgery for Liver Metastases

Severa retrospective studies have tried to study the
natural history of potentialy resectable liver metastases
that did not undergo resection. The 5-year survival rates
weredismal, approximating zero percent.?5% Resultsfrom
several series have confirmed that 5-year survival rates of
between 20% and 45% are achievable with hepatectomy. 16
Increasingly, a second and even athird resection is being
performed for recurrences occurring within the liver after
surgery. A 3-year survival rate of 33% hasbeenreportedin
patients after secondary liver resection.

Unfortunately, themajority of patientshaveunresectable
disease. Reasons for unresectability have, in the past,
included tumour size, tumour number, bilaterality, and an
inability to achieve adequate resection margin (>1 cm).122
At present the only absolute contraindication to liver
resection is the presence of extrahepatic disease.® A
multitude of prognostic factorsfor survival after resection
have been identified. They included the presence of
extrahepatic disease, microscopic resection margin, extent
of liver involvement, number of metastases, size of
metastases, synchronicity withtheprimary tumour, original
staging of the primary tumour, time interval between the
primary tumour and metastases and the preoperative
carcinoembryonic antigen (CEA) level 1820227 However,
the 2 variables most consistently associated with poor
outcome and tumour recurrence are the presence of
extrahepatic disease and histologically positive resection
margin. Although these clinical prognostic parameters are
helpful in improving patient selection for surgery, they

should not be used as the sole basis to preclude individual
patients from surgery. A good outcome is still possible
even in the presence of unfavourable prognostic factors.

Improving expertise in liver surgery has brought down
the mortality rate to close to zero.2°?¢2° The current
challenges in liver surgery are to increase resectability,
improvesparing of normal liver tissueand enhancesurvival
by multimodality approaches. Two-staged hepatectomy
and portal vein embolisation are surgical techniques that
have been employed to overcome the problem of
postoperative liver failure due to inadequate functional
reserve of the liver remnant. Local tumour ablative
techniques can be used in conjunction with resection when
the number, or the location, of metastasesis not amenable
to resection. Preoperative chemotherapy is a medical
strategy that tries to meet all these challenges.

Systemic Chemotherapy of Unresectable Liver
M etastases

The development of neoadjuvant chemotherapy cannot
take place without the progress made in palliative
chemotherapy for unresectabl ecolorectal metastases. Until
recently, theonly agent with significant activity incol orectal
cancer was 5-FU. Treatment for unresectable colorectal
cancer generaly consisted of 5-FU and LV (5-FU/LV),
which produced response rates of about 20%.%° The
introduction of 2 new drugs, oxaliplatin (LOHP) and
irinotecan (CPT-11), has brought into conception new and
highly active regimens. Two pivotal randomised studies
have eval uated the effectivenessof CPT-11 added to 5-FU/
LV asfirst-linetherapy for metastatic colorectal cancer.®*3t
Both studies reported an improvement in response rates
(39%t0 49%), delay intimeto progression (7 months) and
an improvement in overal survival (15 to 17 months).
LOHP, in combination with 5-FU/LV, was also studied as
initial therapy for metastatic col orectal cancer inrandomised
trials.323 Once again, superior response rates (50%) and
progression-free survival (9 months) were seen in the
L OHP-containing arms, but they failed totrans ateinto any
significant overall survival difference. Further phase 11
trialsare currently underway comparing CPT-11 regimens
versus LOHP regimens. Phase |l evaluations of CPT-11
added to LOHP and 5-FU/LV (FOLFOXIRI) haveaready
commenced.

Normal proliferative tissue and 5-FU metabolising
enzyme dihydropyrimidine dehydrogenase (DPD) display
a diurna variation in their activity. The activity of the
former isat itslowest and that of the latter is at its highest
between 00:00 hour and 04:00 hours. Coinciding the time
of peak infusionrateof 5-FU withthetimeof greatest tissue
tolerability permits escalated doses to be given without
increasing systemic toxicity. More importantly, 1 of the 2
peaks of tumour mitosis is thought to occur between
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midnight and 2 in the morning.* Two consecutive multi-
centre randomised studies compared chronomodulated
versus flat infusion of LOHP added to 5-FU/LV in
previously untreated metastatic colorectal cancer.®%
Chronotherapy yielded a higher response rate (51%) and
longer progression-free survival (6 months). Moreover,
the median dose intensity of 5-FU was 22% higher with
chronotherapy than with constant-rate infusion.

Neoadjuvant Chemotherapy of Unresectable Liver
M etastases

The concept of preoperative tumour debulking is not
new. Neoadjuvant chemotherapy has been employed
preoperatively inanumber of different primary tumoursin
an attempt to downstage bulky disease. However, disease
burden and chemosensitivity are likely to limit the degree
of successin many cases. One examplewhere neoadjuvant
chemotherapy hasshown effectivenessisinthepreoperative
reduction of locally advanced breast cancer. In the past,
progressof neoadjuvant chemotherapy for liver metastases
from colorectal cancer hasbeen largely hampered by alack
of highly active treatment. With the availability of potent
combinationregimensand modern doseschedul es, renewed
hope and promising possibilities for unresectable liver
metastases now exist.

There are several reasons to develop and advance this
strategy for colorectal liver metastases. First and foremost,
the resectability rate for liver metastases is very
disappointing (10% to 20%). Initially, unresectable liver
metastases may be converted to resectable disease, thus
allowing more patients a chance at potentially curative
surgery. Debulking may minimise the incidence of
histologically positive margin, which is a strong and
consistent poor prognostic factor of survival. Survival of
patients with positive resection margins hardly differs
from the natural history of unresected metastases.
Downstaging also alows greater sparing of normal liver
tissue. Thisisnot only important becausesurgical mortality
is related to the extent of liver resection, but more so
because secondary resections are being increasingly
performed. About 40% of recurrences after surgery again
seemed confined to theliver and repeat liver resections?-3-
canachievea3-year survival of 30%. Upfront chemotherapy
represents a distinct opportunity to test for chemo-
responsiveness. A good responsemay providean argument
for continuation of treatment postoperatively. At the same
time, systemic neoadjuvant chemotherapy has the
theoretical advantage of potentially being ableto eradicate
the presence of any systemic micrometastases.

Severa small series have evaluated the role of systemic
neoadjuvant chemotherapy. Here, theauthor reviewsresults
fromthe 3 largest series. To date, most of the neoad]juvant
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experiences reported are those using the LOHP/5-FU/LV
combination. Bismuth et al*2 evaluated 330 patients with
unresectabl e disease who received systemic chemotherapy
containing chronomodulated LOHP/5-FU/LV. In 16% of
the patients, the di seasewas converted to resectabl etumour
and the 5-year survival rate after resection was 40%.
Hepatic recurrence occurred in 64% of the patients who
underwent resection. Repeat surgery wasfeasiblein about
half of the recurrences. In a retrospective analysis by
Giacchetti et al,* 151 patients with colorectal liver
metastases, which were initially deemed unresectable,
received infusional chemotherapy with the 3 drugs. A
majority of the patients (83%) received their treatmentina
chronomodulated fashion. Therapy resulted in a major
reductionin tumour size (>50%) in 59% of the patientsand
an overall median survival of 24 months with 28% of
patients alive at 5 years. A median of 5.5 months of
chemotherapy was necessary to achieve optimal
preoperative tumour reduction. Half of the patients
underwent surgery with the intent to cure, but only 38%
had all their disease completely resected. The estimated 5-
year survival rate in the resected group was 58%. In this
study, multivariate analyses indicated that the number of
metastases (<4) and the interval between chemotherapy
and surgery (>6 months) predicted for compl ete resection
of metastases; and the number of metastases (>4), initial
CEA level (>10 ng/mL) and the ability to perform surgery
predicted for survival. There was no surgical mortality
associated with this series. Most of the patients (72%) with
compl ete resection of metastases rel apsed within amedian
of 12 months, of which 48% werein the liver. About half
of the patients with liver-again recurrences underwent
further chemotherapy followed by repeat hepatectomies.
Adam et al? reported their experience with neoadjuvant
chemotherapy in a prospective, non-randomised study of
701 patients with unresectable colorectd liver metastases
followed up for amedian of 5 years. The great majority of
patientsweretreated with chronomodul ated chemotherapy
withLOHP/5-FU/LV. Thisgroup of investigatorsachieved
a resection rate of 13.5% after a mean of 10 months of
treatment. The overall 5-year survival was 35% from the
time of surgery. In this series, unresectable lesions were
classified into 4 categories. large size, ill location,
multinodularity and extrahepatic disease. Respective 5-
year survival rateswere 60%, 49%, 34% and 18%. Several
caveats must be bornein mind when attempting to interpret
these data. Interpretation is confounded by alack of clear
and rigorous definition of “ unresectability”. Selection bias
isan inherent methodol ogical problem in non-randomised
studies. Thesuccessof resectionisalso, inpart, determined
by available surgical expertise. Multi-centre studies often
report lower survival datacompared with singleinstitution
studies, thus underscoring the importance of experiencein
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high volume centres. Furthermore, different surgical
techniques were used to enable the resection. It would
probably beimpossibleand ethically unacceptabletodesign
arandomised study comparing surgery versus no surgery
after tumour reduction following systemic chemotherapy.
Despite these setbacks, research activity evaluating the
benefits of neoadjuvant chemotherapy continues steadily.
Preliminary results from a small study by a group of
investigators from the Mayo Clinic* reiterated the high
response rates and improvement in resectability seen in
patients with unresectable liver metastases treated with
LOHP combination therapy.

Addressing adifferent aspect of chemotherapy, arecent
phaselll study tried to establish the most optimal sequence
of treatment by comparing FOLFOX (LOHP/5-FU/LV
combination), then FOLFIRI (CPT-11/5-FU/LV) with
FOLFIRI and then FOLFOX .2 Two hundred and twenty-
six patientswere randomised to receive either FOLFOX or
FOLFIRI first, and with crossover upon progression. After
first-lineFOL FOX therapy, 18%of patientswereresectable,
in contrast to 7% after first-line FOLFIRI. This result
appears to suggest that therapy with first-line FOLFOX
increases resectability over FOLFIRI. This difference is
not explained by the comparable response rates (56% to
57%) and the progression-free survival (8.4 monthsto 8.9
months) seen in both arms after first-line therapy. Asthis
report has only been presented in an abstract form, itisnot
known at this stage if there is an imbalance for resectable
patients in the first-line FOLFOX arm. More recently,
another group of investigators are testing neoadjuvant
chemotherapy in the setting of resectable, instead of
unresectable, metastatic cancer.® Patients either received
FOLFOX preoperatively, followed by FOLFIRI
postoperatively, or al the chemotherapy postoperatively.
For patients treated with FOLFOX prior to surgery, the
response rate was 80%, with 13% showing complete
response. The follow-up is still short and the survival
results are immature.

Regional Chemotherapy of Unresectable Liver
M etastases

Liver metastasesderivetheir blood supply predominantly
from the hepatic artery whereas normal hepatocytesderive
theirs preferentially from the portal vein. This difference
can be exploited to improve delivery of cytotoxics to the
tumour by selective infusion of chemotherapy into the
hepatic artery. Selectivedelivery of drug optimisestumour
drug concentration, but at the same time avoids excessive
systemic exposure and toxicity. Floxuridine (FUDR) isthe
drug of choice for regional chemotherapy because of its
high extraction ratio during the first hepatic pass (94% to
99%) and its high solubility.

Hepatic artery infusion (HAI) chemotherapy has been
most extensively investigated in untreated patients with
liver-only metastases. Several randomised studies**! and
meta-analyses®>* comparing hepatic intra-arterial FUDR
with systemic fluorinated chemotherapy have failed to
show any clear survival difference despite a definite
improvement in response rates (34% to 62%). The failure
to demonstrate a clear survival advantage may be dueto a
number of methodol ogical limitationsassociated withthese
studies.

The German Co-operative Group on Liver Metastases
recently reported their results of alarge randomised trial>*
in which patients were assigned to 1 of the 3 arms of
treatment: systemic5-FU/LV,HAI 5-FU/LV orHAI FUDR.
Not surprisingly, HAI chemotherapy produced a higher
response rate compared to systemic therapy (>40% versus
20%). Although time to progression and median survival
were not significantly different among the 3 arms, patients
who were treated with HAI 5-FU/LV appeared to do most
favourably whilst those who received HAI FUDR did the
worst. More interestingly, the HAl FUDR arm also
experienced the highest rate of extrahepatic progression of
disease compared with regional or systemic 5-FU/LV
(40% versus <20%). These findings have several
implications. The effectiveness of intra-arterial 5-FU/LV,
accompanied by all its related technical complexities and
locoregional toxicity, does not appear significantly better
than the simpler intravenous administration of 5-FU/LV.
Although regional FUDR results in high local response
rates, it may not provide adequate systemic control.

The concept of preoperative HAI therapy is appealing
because of the high tumour response rate associated with
intra-arterial delivery of drugs. Only avery scarce number
of studieshavelooked at thisapproach and they aremainly
small retrospectiveseries. Clavienet a* reported aresection
rate of 26% and a3-year survival of 50%in 23 patientswith
unresectable liver metastases treated with HAl FUDR
preoperatively. In contrast, only 5% of patients underwent
resection after HAI therapy in another series.® Elias et al®
noted some of the major hurdles encountered in surgery
when adopting thisapproach. HAI therapy impairs hepatic
function and induces parenchyma and hemodynamic
changesintheliver, thusrendering hepatectomy technically
difficult and fraught with increased postoperative
complications.

Future Directions

Anincreasing understanding of thegeneticand mol ecul ar
pathways in the pathogenesis of cancer has led to the
generation of novel therapeuti c approachesand compounds
that target the disruptions in these pathways. A multitude
of options are currently being developed and they include
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anti-sense therapy, gene therapy, farnesyl transferase
inhibitors, tyrosinekinaseinhibitors, anti-epidermal growth
factor receptor monoclonal antibodies, anti-vascular
endothelial growth factor receptor monoclonal antibodies,
cyclo-oxygenase-2 inhibitors, matrix metalloprotein
inhibitors and immunotherapy. Some of these have shown
synergy with cytotoxicsand may resultinimproved tumour
regression when used in combination with conventional
chemotherapy.

Cost Effectiveness

Results from the de Gramont phase 11 trial suggest that
treatment with LOHP in combination with 5-FU/LV will
achieveameanincreaseof 2.75monthsin progression-free
survival compared with 5-FU/LV alone.®* Based on the
clinical data from this study, Nicholls et al*® performed a
cost effectivenessanalysi sto assesswhether the benefits of
combining LOHP with 5-FU/LV can be achieved at an
acceptable additional cost from the United Kingdom (UK)
National Health Service's perspective. The results of the
analysis indicate that the costs to achieve an additional
progression-free month are around £2,133, which works
out to an averageincremental cost of £25,600to achievean
additional progression-free year. The same group of
investigatorsal so conducted acost effectivenesscomparison
between LOHP added to 5-FU/LV and CPT-11 added to 5-
FU/LV . They reported a“ comparable’ incremental cost-
effectiveness ratio in terms of progression-free survival
(£26,665 versus £30,171). But in terms of response rates,
the costs incurred per year to achieve an additional
responding patient are £31,065 for LOHP in combination
versus £46,343 for CPT-11 in combination. Poston et al®
studied the costs of neoad] uvant chemotherapy and surgery
for patientswith col orectal metastases. Thedecision model
used in this study assumed aresectability rate of 11.4% for
patients treated with LOHP added to 5-FU/LV and 4.1%
for 5-FU/LV aone, based on data from the de Gramont
study.®? The incremental cost per life-year gained was
about £11,985.

Based on the balance of clinical and cost effectiveness,
the UK National Institute for Clinical Excellence
Technology Appraisal Guidance No. 33 recommends that
the use of LOHP, in combinationwith 5-FU/LV, should be
consideredfirst-lineinadvanced colorectal cancer patients
with liver-only metastases that may become resectable.
Neither CPT-11 nor LOHP in combination with 5-FU/LV
arerecommended in routinefirst-linetherapy for advanced
colorectal cancer.

Conclusions

For a mgjority of patients with unresectable colorectal
cancer systemic chemotherapy remains the standard of
practice. Modern combinations containing CPT-11 or
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LOHP are the most highly active regimens available,
producing response rates of about 50%. Higher dose
intensities can be achieved with chronotherapy without
increasing systemic toxicity. However, chronomodul ated-
dosing schedulesarefairly complicated to deliver and may
prove impractical for the general oncology community.
Neverthel ess, theseadvancesin combination chemotherapy
raisethehopethat treatment can now better debulk tumours
preoperatively, sothat morepatientswill becomeamenable
to complete resection. Administering chemotherapy
preoperatively may achieveuptoa38% completeresection
rate in patients initially considered to have unresectable
disease. A 5-year survival rate of 58% after surgery was
reported in this group of patients. Evidence from 1 study
suggests that the most effective neoadjuvant regimen is
LOHP in combination with 5-FU/LV. It should be
remembered that additional cost would beincurredthrough
the use of innovative treatment to gain additional clinical
benefits. Although recent evidence suggeststhat asurvival
benefit may beassociated with adjuvant HAI chemotherapy
after resection of liver metastases,®? the benefit in
unresected disease remains unclear and highly debatable.
Since it will never be possible to design a phase 111 study
for neoadjuvant chemotherapy in unresectable colorectal
liver metastases, efforts should be put into conducting
goodquality largeprospectivephasell studieswithdetailed
description of disease parameters, surgical treatment and
long-term outcomes.
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