
Improving outcome of liver resection in patients
with colorectal metastases

Covey AM, Brown KT, Jarnagin WR, Brody LA, Schwartz L,
Tuorto S, Sofocleous CT, D’Angelica M, Getrajdman GI,
DeMatteo R, Kemeny NE, Fong Y. (Departments of Radiology,
Surgery and Medicine, Memorial Sloan-Kettering Cancer Center,
New York, USA). Combined portal vein embolization and
neoadjuvant chemotherapy as a treatment strategy for resectable
hepatic colorectal metastases. Ann Surg 2008;247:451–5

SUMMARY
The liver is the main target organ for colorectal metastases and
surgical resection of these offers the only chance for long term
survival. Radical resection of liver metastases is not advisable when
it is difficult to remove all the lesions without compromising the
availability of sufficient functional liver parenchyma to sustain life.
Makuuchi in 1990 proposed that embolization of a main branch of the
portal vein (PVE) would lead to sufficient hypertrophy of the
contralateral lobe to allow major liver resections to be done in
patients whose remnant livers were initially judged to be inadequate.1

PVE would be especially useful in patients with hilar cholangio-
carcinoma in whom small liver remnants are anticipated after
excisional procedures. Newer chemotherapeutic agents such as
irinotecan, oxaliplatin, cetuximab and bevacizumab are effective in
reducing tumour bulk in patients with initially unresectable metastasis,
facilitating subsequent curative resections in some cases. However,
their use is associated with the risk of developing chemotherapy-
associated steatohepatitis (CASH), which may reduce parenchymal
function and adversely affect operative outcome.

This study from the Memorial Sloan-Kettering Cancer Center
was done to examine whether PVE could enhance growth of the liver
while the patient was on neoadjuvant chemotherapy and prevent liver
dysfunction and thereby improve postoperative recovery.

Between September 1999 and September 2004, Fong and his co-
workers studied 100 patients who underwent PVE for metastatic
colorectal cancer. All had extended liver resections and PVE was
done at the request of a hepatobiliary surgeon based on the type of
resection planned, preoperative liver volume and whether the patient
had received or was receiving cytotoxic chemotherapy.

Patients receiving chemotherapy after PVE (n=43) were compared
with patients who did not receive chemotherapy (n=57) regarding
hospital stay, complications, mortality, serum biochemical parameters
and the need for blood products. Resected patients (n=71) were
compared with 100 consecutive patients subjected to extended
resection without PVE. Liver growth was examined by computed
tomography volumetric analysis. Comparisons were performed using
Student t test, χ2 test and non-parametric Mann–Whitney U test.

Complications were graded according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events (CTCAE
3.0).2 Grade 1 complications were seen in 46 patients (post-procedure
fever occurred in 45), and 26 patients had leukocytosis (11 200–
25 700/cmm) with no documented infection. One patient had an
asymptomatic arterial–venous fistula, which was resected with the
subsequent hepatectomy with no adverse clinical findings.

After a median wait of 30±2 days after PVE, patients on neoadjuvant

chemotherapy experienced a median contralateral (non-embolized)
liver growth of 22%±3% compared with 26%±3% for those without
chemotherapy (p=ns). The number of patients with <5% growth was
also similar: 4 of 43 v. 6 of 57 (p=ns). The patients treated with
chemotherapy tended to have a longer delay before resection (no
chemotherapy 41±3 days; chemotherapy 66±10 days).

On comparing patients resected after PVE with a simultaneous
cohort of 100 consecutive patients subjected to extended resection
without prior PVE, there was a lesser need for fresh frozen plasma
(p=0.01), a lower peak bilirubin (p=0.002) and a shorter length of
hospital stay (p=0.03) in the PVE group. There was no statistically
significant difference in mortality in both groups (0% v. 2%; p=ns).

The authors suggest that the liver grows after PVE even when
cytotoxic chemotherapy is administered and there is no increase in
complications following resection. They conclude that patients
requiring major hepatic resection who initially have liver remnants of
inadequate size should be considered for PVE during neoadjuvant
chemotherapy to improve their outcome after resection.

COMMENT
In experienced hands, hepatic resection has a reported mortality of
<5% in patients with colorectal liver metastases and <1% in patients
without evidence of liver cirrhosis.3 However, patients who undergo
extended resections (>5 liver segments) have a higher incidence of
postoperative morbidity and hepatic insufficiency. The size of the
future liver remnant determines the post-resection liver dysfunction,
which manifests as cholestasis, coagulation abnormalities, fluid
retention and hepatic synthetic dysfunction. The minimal acceptable
liver volume post-resection is 25% in patients with a normal liver
and 40% in patients with cirrhosis.4

The use of neoadjuvant therapy in the treatment of colorectal
liver metastases has the potential to eradicate microscopic disease.
In addition, patients with tumours that respond well to
chemotherapy tend to do better after resection.5 The time period
between chemotherapy and liver resection allows the occult
disease to manifest itself and also makes resection easier because
of decrease in tumour size. Wein et al.6 showed that in 20 patients
treated with neoadjuvant chemotherapy (5-fluorouracil and
oxaliplatin) 90% had a partial response and 10% a complete
response, and that 16 patients (80%) had a possibility of undergoing
curative surgery. The disease-free survival was 52% at 2 years and
survival was 80% at 5 years. Similarly, Adam et al. showed that
12.5% of patients with unresectable disease underwent surgical
resection following chemotherapy with low operative risk and a
survival of 33% at 5 years and 22% at 10 years.7

The disadvantages of neoadjuvant chemotherapy stem from
their inhibitory effect on the cell cycle, growth factors and
angiogenic factors, due to which the liver parenchyma becomes
steatotic, fibrotic and, sometimes, cirrhotic. The parenchymal
change following neoadjuvant treatment results in an increased
blood loss during surgery and may be associated with an adverse
clinical outcome. Also, chemotherapy affects wound healing and
liver regeneration after experimental hepatectomy.8 It also
necessitates postponement of liver resection by 3 weeks and
adjuvant chemotherapy following the resection by 4 weeks.

In view of the above, the authors’ attempt to examine the role
of PVE before liver resection in regeneration of the liver and
decrease in postoperative morbidity and mortality in patients
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receiving neoadjuvant chemotherapy is of importance. While
they have clearly shown that the liver regenerates to nearly the
same extent (22% v. 26%) with and without prior neoadjuvant
chemotherapy, they have not provided any data to support the
concept that PVE prevents chemotherapy-associated liver damage
such as CASH. An analysis of the non-tumorous liver histology of
patients receiving neoadjuvant chemotherapy with and without
PVE would have been useful. They have also not defined the
indications for PVE among the chemotherapy and non-
chemotherapy groups in terms of future remnant, functional
assessment of the liver and any radiological or histological
assessment of post-chemotherapy liver damage.

This study also shows a clear reduction in post-resection morbidity
among patients with preoperative PVE with a lesser need for fresh
frozen plasma, lower peak bilirubin levels and similar hospital
mortality compared with those who did not have it. Other studies
have found an association between liver hypertrophy and improved
outcome and that patients with small liver remnants can undergo
PVE followed by resection without an increase in postoperative
mortality and liver dysfunction rates compared with patients who
have not undergone PVE.9 A report by Farges et al. from France
showed similar outcomes with or without PVE but their patients had
not received chemotherapy and did not undergo extended
resections.10 Also, PVE has been shown to decrease the rate of
postoperative complications10 and allows patients with unresectable
liver tumours to benefit from surgical resection.11 The reported rates
of complication following PVE are 3%–10%.

This study assesses the role of PVE in a difficult subgroup of
patients with extensive colorectal metastasis in the liver in whom
a liver resection was not considered feasible either due to a low
future remnant or poor post-resection recovery owing to
chemotherapy-associated liver damage. The study shows that the
liver can regenerate in response to PVE even with ongoing
chemotherapy. What remains to be shown is whether PVE prevents
CASH or other forms of liver damage. This would be possible if
similar studies are designed with clearly defined selection criteria
for PVE based on the future remnant and functional and/or
histological derangement of the liver after chemotherapy.
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