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Abstract

Background: Neoadjuvant systemic chemotherapy is being increasingly used prior to liver
resection for colorectal metastases. Oxaliplatin has been implicated in causing structural changes
to the liver parenchyma, and such changes may increase the morbidity and mortality of surgery.
Patients and Methods: A retrospective study was undertaken of 101 consecutive patients who had
undergone liver resection for colorectal metastases in two HPB centers. Preoperative demo-
graphic and premorbid data were gathered along with liver function tests and tumor markers.
A subjective assessment of the surgical procedure was noted, and in-hospital morbidity and
mortality were calculated. The effect of preoperative chemotherapy on short-term and long-term
outcome was analyzed, and actuarial 1 and 3 year survival was determined.

Results: Patients who received neoadjuvant chemotherapy had a higher number of metastases
(median 2, range 1-8 versus median 1, range 1-5; P = 0.019) and more had synchronous tumors
(24 patients versus 8; P < 0.001). Overall morbidity was 37% and hospital mortality was 3.9%.
Operative and in-hospital outcome was not influenced by chemotherapy. Long-term survival was
worse in patients who had received preoperative chemotherapy (actuarial 3-year survival 62%
versus 80%; P = 0.04).

Conclusions: This study shows no evidence that neoadjuvant chemotherapy, and in particular
oxaliplatin, increases the risk associated with liver resection for colorectal metastases. Long-term
outcome is reduced in patients receiving preoperative chemotherapy, although they have more
advanced disease.

Liver resection is currently the only treatment that
offers the chance of long-term survival in patients
with colorectal cancer (CRC) liver metastases. Five year
survival rates following surgery range from 25% to
47%,"~® with some studies showing 10-year survival up to
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26%.%® This compares to almost no survivors at 5 years if
the metastases are left untreated.” At major centers, the
perioperative mortality of liver surgery is less than 5%,
with complication rates ranging between 20% and 50%.8-°
At presentation only 10%—25% of patients are suitable for
hepatectomy?'%; hence recent efforts have been directed
at increasing resectability rates. Downstaging chemo-
therapy, two-stage liver resections and portal vein emb-
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olizations are effective methods of rendering some un-
resectable patients amenable to curative resection, and
these new strategies may increase the resectability rate
by as much as 20%.""

The use of oxaliplatin or irinotecan has been shown to
downstage some tumors initially deemed to be too
extensive or poorly positioned for safe surgery, to a level
where hepatectomy can be performed.'™'* The combi-
nation of 5-fluorouracil and folinic acid (5FU/FA) with
oxaliplatin has been shown to give a response rate of
50% in patients with colorectal metastases.'® Follow-up
studies of patients who had undergone liver resection
after downstaging neoadjuvant chemotherapy have
shown overall 5-year survival of 35%-50% in patients
who were initially deemed unresectable.'®'” This survival
is comparable to that in patients who have not required
downstaging treatment. Neoadjuvant therapy has also
recently been shown in a retrospective, nonrandomized
study to offer a survival advantage in patients with a large
number of bilobar metastases.'®

The role of systemic chemotherapy in patients with
resectable CRC liver metastases has not been estab-
lished. It is common practice in the UK, however, for
patients to be administered chemotherapy prior to or
synchronously with referral for resection, especially if
they have synchronous metastases. The prognosis of
these patients following resection is worse than that for
patients with metachronous disease, and they may
therefore benefit more from systemic chemotherapy.
Operating on livers pre-exposed to systemic chemother-
apy is therefore becoming more common.

Hepatobiliary surgeons report an alteration to the
appearance and texture of the liver post-chemotherapy.
These changes manifest as a mottled, friable, and hem-
orrhagic liver that makes parenchymal dissection a more
hazardous procedure and hemostasis more difficult to
achieve.'®'8'9 The use of oxaliplatin has been associ-
ated with the development of hepatic sinusoidal obstruc-
tion,?® and a recent study by Fernandez et al. of 37
patients demonstrated steatohepatitis after the preoper-
ative administration of irinotecan or oxaliplatin, particularly
in the obese.?' A structural parenchymal change and a
higher postoperative complication rate compared with
patients receiving no chemotherapy have been noted in
patients who have received locoregional chemotherapy.
Hepatic arterial infusion of floxuridine has been shown to
cause acute hepatitis and dose-related hepatocyte
necrosis, steatosis, micronodular cirrhosis, and portal
triad fibrosis that can be fatal.?*=>* Elias et al. described
hepatectomy following this treatment as more difficult,
with elevated intrahepatic venous pressure and an
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unusually high blood loss. They reported 10 postoperative
complications in 8 patients, although there were no
deaths.?®

There are few studies analyzing the effect of preop-
erative systemic chemotherapy on the perioperative out-
come of liver resection and only one related to the use of
oxaliplatin. A prospective study of 35 patients conducted
in 2000 suggested that preoperative systemic 5FU/FA did
not increase hospital morbidity and mortality after liver
resection.'® A retrospective study by Tanaka et al. dem-
onstrated no difference in median blood transfusion vol-
ume in patients undergoing major hepatectomy after
neoadjuvant oxaliplatin chemotherapy for five or more
bilobar metastases (627.1 ml versus 612.2 ml in the
no-neoadjuvant group). The median hospital stay was
shorter in patients who had neoadjuvant chemotherapy
(13.2 days versus 19.9 days, P = 0.03), and the compli-
cation rate was the same.'® Direct comparison of the
differences in hospital stay was difficult as the study
involved two departments in different health insurance
systems. Adam et al. reported that preoperative FOLFOX
increased the risk of operative bleeding due to vascular
changes, but it was not associated with an increase in
surgical morbidity or mortality.?® There have been no
reports of the analysis of individual clinical variables
showing the outcome of liver resection in relation to
patients’ operative chemotherapy status in a large num-
ber of patients, however.

The present study therefore examined a large cohort
of patients undergoing liver resection for colorectal
metastases and related preoperative, intraoperative, and
postoperative outcome variables (both in-hospital and
long term) with the prior use of systemic chemotherapy.

PATIENTS AND METHODS

Patient Demographics

A retrospective study of the clinical records of 101
consecutive patients who had undergone hepatectomy for
colorectal liver metastases was undertaken. The opera-
tions were carried out between May 1999 and September
2003 within the departments of Hepatobiliary Surgery at
The Royal Free (n = 86) and The Royal London (n = 15)
Hospitals, London, UK. All patients who underwent hep-
atectomy for colorectal metastases were included, and
none had concomitant extrahepatic disease.

Demographic data were collected including age, sex,
and preoperative comorbidity, including alcohol intake
(units/week), smoking history (cigarettes/day), and the
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presence of pre-existing liver disease. The site and
Dukes stage of the colorectal primary tumor were re-
corded, as were the presence of synchronous metasta-
ses and the number of tumor deposits found during
pathological analysis of the resected liver specimen. The
pre-hepatectomy chemotherapy status of the patient was
recorded and grouped into neoadjuvant (given between
the diagnosis of the liver metastasis and hepatectomy),
adjuvant (following colorectal cancer resection), or no
chemotherapy. The chemotherapy drugs and treatment
duration were noted, as was the use of preoperative
portal vein embolization (PVE).

Liver function immediately prior to surgery was noted.
This included measurements of serum albumin, bilirubin,
aspartate transaminase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), gamma-glutamyl
transferase (GGT), lactate dehydrogenase (LDH), and
International Normalized Ratio (INR), as well as the tumor
markers CEA and CA19-9.

Hepatectomy

Preoperative PVE was used selectively in patients with
an anticipated future liver remnant (FLR) of < 30% of the
total tumor free liver parenchyma as measured by mag-
netic resonance volumetry. Parenchymal dissection was
carried out with an ultrasonic surgical aspirator (CUSA
Excel™, Valleylab, Boulder, CO, USA) after division of
the hilar structures. Hilar inflow occlusion (Pringle
maneuver) was used in cases where there was significant
parenchymal blood loss.

Operative data included the duration of surgery, blood
loss, the operative transfusion of blood and blood prod-
ucts, and the inflow occlusion time if the Pringle maneu-
ver was used. The duration of stay on the intensive care
unit (ITU) or surgical high dependency unit (SHDU) and
overall hospital stay were noted. Comments from the
operation note as to the nature of the parenchyma and
difficulty of surgery were also recorded.

Liver Parenchymal Histopathology

Part of the routine dissection protocol of the resection
specimen within the Department of Histopathology in-
cluded a sample of normal liver parenchyma, approxi-
mately 1 cm®, as far away from the main tumor bulk as
possible. Once removed, the tissue was fixed in formalin
and embedded in paraffin wax. These specimens were
then cut and stained with hematoxylin and eosin, and a
report made by the histopathologist documenting the
histological features identified in these specimens. These
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reports were examined in the study. Note was made of
any abnormalities of the background liver that had been
recorded, as well as their degree and type, and they were
then compared with the subjective assessment of the li-
ver substance made by the operating surgeon.

Postoperative Outcome

Postoperative morbidity was considered in detail.
Complications were divided into major (those that
resulted in delayed discharge from or readmission to ITU
or SHDU, or reoperation); and minor (resulting in delayed
discharge from hospital only) and grouped according to
the systems affected. Cardiovascular complications in-
cluded newly diagnosed atrial fibrillation, myocardial
infarction or ischemia, congestive cardiac failure, pulmo-
nary embolism, or cardiovascular collapse requiring
inotropic support. Respiratory complications included
respiratory failure (major if requiring mechanical ventila-
tion or continuous positive airway pressure [CPAP]),
pleural effusions, pneumothorax, or respiratory tract
infection.

Renal complications included acute renal failure (major
if requiring renal replacement therapy), urinary retention,
or urinary tract infection. Hepatic complications were re-
corded when there was an acute deterioration in liver
function tests with signs of hepatic failure or encepha-
lopathy.

Septic episodes were confirmed with positive microbi-
ological cultures (major if showing signs of systemic
sepsis), and multiple organ failure (MOF) was diagnosed
as two or more organ systems failing with the patient
being treated on ITU or SHDU. The number and type of
postoperative endoscopic and radiological interventions
performed were also noted.

Long-term Outcome

After discharge, patients were followed up on a
3-monthly basis. Details of the patients’ clinical status on
a specified date were then obtained. This was achieved
by the retrospective analysis of the hospital notes or
outpatient clinic records, or by direct contact with the
general practitioner. If the patient had died in the period
since surgery, the date of death was noted and the
number of months of postoperative survival was calcu-
lated. Surviving patients were divided into one of two
groups: those with recurrence of the tumor (with the site
noted) and those without recurrence. From these data,
overall and disease-free survival post-hepatectomy was
determined for this series. Patients were then divided into
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one of four groups according to their preoperative che-
motherapy status. The first classification was of patients
receiving neoadjuvant chemotherapy and the second was
of patients who did not receive neoadjuvant chemother-
apy. There were two groups in each classification: group
1 (NA Ox), patients who had received neoadjuvant oxa-
liplatin and 5FU/FA, and group 2 (NA 5FU), patients who
had received neoadjuvant 5FU/FA alone; group 3 (AD
5FU), patients who had received adjuvant 5FU/FA after
their initial colorectal resection, but no prehepatectomy
chemotherapy, and group 4 (None), patients who had
received no chemotherapy at all, either after the initial
colorectal resection or pre-hepatectomy.

Statistical Analysis

Data were entered directly into a specifically designed
Microsoft Access database and analyzed using a com-
bination of proprietary statistical software packages
(Microsoft Excel, GraphPad Prism 4, and SPSS for
Windows). Categorical variables were compared be-
tween groups using the chi-square test, and quantitative
variables were compared with the Kruskal-Wallis test for
multiple groupings. Survival rates were calculated
according to the Kaplan-Meier actuarial technique and
curve comparison using the logrank test. Significance
was assumed when P < 0.05.

RESULTS

Demographic and Preoperative Data

Of the 101 patients included in the study, 46 had
undergone neoadjuvant chemotherapy, 25 with oxalipla-
tin + 5SFU/FA and 21 with 5FU/FA alone. Fifty-five patients
had no neoadjuvant chemotherapy, 34 receiving 5FU/FA
after the original colorectal resection, and 21 patients
receiving no chemotherapy.

Table 1 shows demographic data. The groups were
well matched for age, sex, and site of colorectal primary
with greater than 60% of tumors originating in either the
sigmoid colon or the rectum. Neoadjuvant chemotherapy
had been given as part of a strategy to downstage
disease and to facilitate resection in 7 patients who
underwent PVE. The remaining 39 patients received
chemotherapy for resectable metastases.

There were significantly higher numbers of patients with
synchronous metastases who received neoadjuvant che-
motherapy (24/46, 52%) than in the no neoadjuvant groups
(8/55, 14.5%; P < 0.001). There was also a significantly
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higher number of metastases in the neoadjuvant groups
(median 2, range 1-8, versus median 1, range 1-5;
P = 0.019). The majority of patients underwent major liver
resections, with over half undergoing right or extended
right hepatectomy. There were more multiple segmentec-
tomies in the neoadjuvant than in the no neoadjuvant
groups, although this difference was not statistically sig-
nificant (11/46, 24% versus 6/55, 11%; P = 0.08). The
patients who underwent resection after PVE over this time
period had all received neoadjuvant chemotherapy.

Comorbidity is shown in Table 2. As would be
expected, patient selection resulted in a low incidence
of severe comorbid disease that was equally distributed
between the groups. There were no significant differ-
ences between the number of patients within each
group who had a preoperative morbidity (P = 0.2). No
patient had pre-existing liver disease, and alcohol intake
was moderate. The morbidities were mainly cardiovas-
cular in nature, with hypertension the most frequent.
There were a higher number of patients on anticoagu-
lant therapy in the neoadjuvant groups that reflected the
presence of indwelling venous catheters used for the
chemotherapy; anticoagulation, however, was discon-
tinued, and coagulopathy was corrected in all cases
prior to surgery.

Liver function tests taken on the day before the oper-
ation and results of the preoperative tumor marker
profiles CEA and CA 19-9 are shown in Table 3. There
were no significant differences in the groups, although the
median values of GGT in the two neoadjuvant groups and
the no-chemotherapy groups were above the normal
range (56, 48.5, 36 U/, respectively) as was the LDH
level in the NA Ox group (499 U/l). Median values of CEA
were above normal in all groups.

Chemotherapy Durations and Regimens
(Values Marked with an Asterisk are Median)

Neoadjuvant oxaliplatin + 5FU/FA group

Of the 25 patients within the neoadjuvant OX + 5FU/
FA group, 20 (80%) had also received adjuvant che-
motherapy with 5FU/FA after their initial colorectal
resection (6* cycles, range 1-16) with 1 patient also
receiving irinotecan. After diagnosis of the liver metas-
tases, these patients underwent 6* cycles of neoadju-
vant chemotherapy (range 3-12 cycles) that was
stopped 64* days prior to surgery (range 11-240 days).
In 3 patients (12%) the treatment was stopped early
because they developed peripheral sensory neuropathy.
One of the 3 was changed to tomudex. The dosage
regimen was modified according to the individual patient
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Table 1.
Comparison of demographic data with the four patient chemotherapy groups
Chemotherapy group
Variable NA OX NA 5FU AD 5FU None Total P Value
No. of patients 25 21 34 21 101
Male/female 10/15 11/10 19/15 11/10 51/50
Age (years)? 56 (21-79) 64 (38-81) 61 (33-76) 59 (39-76)
Patients with synchronous metastases 13 (52%) 11 (52%) 1 (2.9%) 7 (33%) 32 (32%) 0.005
Number of metastases® 1 (1-6) 3 (1-8) 1(1-4) 2 (1-5) 0.008%
Portal vein embolization 5 (20%) 2 (9.5%) 0 (0%) 0 (0%) 7 (6.9%) 0.012
Postoperative morbidity 6 (24%) 8 (38%) 14 (41%) 9 (43%) 37 (37%) 0.5
In-hospital mortality 2 (8%) 0 (0%) 1 (3.4%) 1 (4.7%) 4 (3.9%) 0.6
8Values are median (range).
Postoperative morbidity is overall and includes both major and minor complications (see Table 4 for breakdown).
Statistical significance was determined using the chi-square test, apart from t, where the Kruskal-Wallis test used.
NA OX: nonadjuvant oxaliplatin; AD 5FU: adjuvant 5-fluorouracil; NA 5FU: nonadjuvant 5-fluorouracil.
Table 2.
Comparison of preoperative comorbidity data with the four patient groups
Chemotherapy group
Comorbidity NA OX NA 5FU AD 5FU None
No. of patients® 9/25 7/21 16/34 4/21
Cardiovascular
Hypertension 5 5 12 3
IHD 1 3 2
Atrial fibrillation 2
Respiratory
Asthma 2
COPD 1 2
Renal 1
Diabetes 1
Coagulation abnormalities 3 2 1
Alcohol intake > 20 U per week 2 2 2 1
Smokers 6 7 9 8

#Not all patients had comorbidity.

Coagulation abnormalities included thrombophilic disorders as well as previous venous thrombosis and current anticoagulant

therapy.

IHD: ischemic heart disease; COPD: chronic obstructive pulmonary disease.

and the preference of the oncologist, but it was based
on a schedule consisting of oxaliplatin given as a 2-h
infusion (85 mg/m?) followed by 5FU (400 mg/m? bolus,
600 mg/m?, 22-h continuous infusion), and folinic acid
(200 mg/m?, 2-h infusion) repeated on consecutive
days.

Neoadjuvant 5FU/FA Group
Seventeen (81%) of the neoadjuvant 5FU/FA patients
had undergone adjuvant chemotherapy with 5FU/FA for
6* cycles (range 2-30) after the initial colorectal

resection. After diagnosis of the metastases, neoadju-
vant 5FU/FA therapy was given for 6* cycles (range
2-30) and was stopped 58* days prior to surgery
(range 20-250).

Adjuvant 5FU/FA Group
Patients receiving adjuvant 5FU/FA underwent 12*
cycles of chemotherapy (range 1-30) after their initial
colorectal resection. None of these patients were diag-
nosed with metastatic disease during this period of
adjuvant chemotherapy.



358

Hewes et al.: Chemotherapy and the Outcome of Liver Resection

Table 3.
Comparison of preoperative liver function test data with the four patient groups

Chemotherapy group

NA OX median NA 5FU median AD 5FU median None median P Value Kruskal-Wallis

Variable (range) (range) (range) (range) test
Range of N? 17-25 17-20 17-34 15-20

Albumin 42 (17-50) 43.5 (35-46) 43 (29-47) 42.5 (31-48) 0.8
Bilirubin 6.0 (5-21) 8.5 (5-46) 7.0 (5-26) 8.0 (3-75) 0.09
AST 30 (17-458) 30 (19-149) 26 (8-80) 25 (15-216) 0.08
ALT 27 (12-459) 26 (14-152) 23 (12-67) 24 (11-276) 0.7
ALP 109 (37-331) 101 (57-189) 91 (45-459) 101.5 (54-1412) 0.7
GGT 56 (16-310) 48.5 (9-275) 31 (17-294) 36 (14-919) 0.5
LDH 499 (273-1345) 4105 (275-963) 395 (274-882) 410 (311-934) 0.6
INR 1.0 (0.9-1.7) 1.0 (0.9-1.2) 1.0 (0.8-1.2) 1.0 (0.9-1.1) 0.09
CEA 14.8 (1.1-1206) 12.9 (3-418) 45.8 (0.9-11666) 10.9 (1-679) 0.4
CA 19-9 25 (1.4-2093) 27.8 (1.4-433) 50 (1.4-22163) 31 (6-1477) 0.4

@Not all results were available for each subject. Median values in bold indicate elevation above the upper limit of normal.

Albumin (normal range 35-50 g/l), bilirubin (5—17 umol/l), AST: aspartate transaminase (5—40 U/l), ALT: alanine aminotrans-
ferase (5—40 U/l), ALP: alkaline phosphatase (42—-128 U/l), 5-FU: 5-fluorouracil; GGT: gamma-glutamyl transpeptidase (8—-35 U/l),
LDH: lactate dehydrogenase (230—460 U/1), INR: International Normalized Ratio, CEA: (< 10 U/ml), CA 19-9: (< 39 U/ml).

Table 4.
Comparison of postoperative morbidity data with the four
chemotherapy groups

Chemotherapy group

Morbidity NAOX NASFU ADS5FU None
No. of patients® 6/25 8/21 14/34 9/21
Major complications

Cardiovascular 1
Respiratory 2 4 2 1
Renal
Hepatic 1 1
Septic 1 2
MOF 1 3 1
Re-laparotomy 3
Minor complications
Cardiovascular 2 3 1
Respiratory 2 2 7 5
Renal 1 1
Septic 2 3 1
Total 8 14 21 10

8Each patient may have had more than one complication.
MOF: multiple organ failure.

Operative Data

Operative outcome data are represented in Figure 1.
The overall median duration of surgery was 7 h (range:
2-14.5 h), blood loss 2 | (range 0—27 1), blood transfusion
2 units (range 0—40 units), and blood product transfusion
2 units (range 0-20 units). Nineteen patients required
hilar inflow occlusion (2 patients in the NA Ox group
(median duration 40.5 min, range 36—45 min); 6 in the NA
5FU group (median 41 min, range 12-77 min); 9 in the

AD 5FU group (median 25 min, range 15-69 min), and 2
patients in the no-chemotherapy group (median 26 min,
range 25-27 min). These differences were not statisti-
cally significant (P = 0.6). Comparison of the operative
end points between the four groups showed no significant
differences.

The subjective assessment of the difficulty of dissec-
tion and the quality of the parenchyma made by the
operating surgeon showed inter-group variation. Abnor-
mal parenchymal appearance and difficulty in division of
the parenchyma was noted in 8 patients in the NA Ox
group (32%), 6 in the NA 5FU group (28%), 5 of the AD
5FU group (15%), and 2 patients in the no-chemotherapy
group (9.5%). These subjective differences were signifi-
cant (P = 0.03). If the patients were grouped into those
receiving neoadjuvant chemotherapy (NA Ox and NA
5FU), or not (AD 5FU and None), a significant difference
was again seen. Fourteen of 46 (30%) who had received
neoadjuvant therapy were noted to have abnormal
parenchyma compared with 7 of 55 (13%) in the no-
neoadjuvant therapy group (P = 0.03).

Histopathology

The routine histopathological reports of the nature of
the background liver parenchyma of 91 patients were
obtained and examined. Results from the remaining 10
patients were either unavailable, or staining had not been
carried out. Sixty-two patients (68%) had reports indi-
cating abnormal liver parenchyma, with 29 (32%) reports
documenting either normal parenchyma or no comment
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Figure 1. Operative data represented using box-and-whiskers plots, grouped and compared in the four patient chemotherapy
groups. a. Operation duration (P = 0.61) b. Estimated blood loss (P = 0.5). ¢. Operative blood transfusion (P = 0.5). d. Operative
blood product transfusion (P = 0.3). The box length of the box-and-whisker plots represents the interquartile range that contains the
median value shown as a horizontal line. The whiskers represent the 95% confidence intervals. tKruskal-Wallis test.

made. There was an equal distribution of the number of
abnormal reports made between the chemotherapy
groups (17/23 (74%) in the NA Ox group; 12/18 (67%) in
the NA 5FU group; 23/32 (72%) in the AD 5FU group; and
10/18 (56%) in the no-chemotherapy group [P = 0.6]).

The reports were broken down further, and individual
fat and inflammation scores were noted. Where the grade
of steatosis or inflammation was not specified, it was
included in the mild category. There was an equal distri-
bution of these reported abnormalities between the four
groups, with the majority being mild. Moderate or severe
steatosis was noted in 3 specimens from the NA OX
group (13%), 3 in the NA 5FU group (17%), 3 in the AD
5FU group (9%), and 2 in the no-chemotherapy group
(11%) (P =0.9). There were only 2 cases of severe
steatosis noted, with one each in the neoadjuvant che-
motherapy groups. No cases of severe inflammatory
change were noted by the histopathologists.

Comments of increased fat content of the liver were
made by the surgeon in 9 (9%) cases as opposed to 45
(49%) by the pathologist in the report. There was, how-
ever, good correlation between the surgeons and the
pathologists scoring, as in only one case was the liver

described as fatty by the surgeon and subsequently
judged as showing no signs of steatosis by the patholo-
gist. Abnormalities of perfusion or congestion were noted
in 7 cases by the surgeon (7%), and 11 cases of paren-
chymal friability were noted.

Hospital Outcome

The median length of stay on ITU or SHDU was 2 days
(range 1-24 days) and the majority of patients were dis-
charged from hospital on postoperative day 14 (range
7—-49 days). There were no significant differences in the
durations of stay between the four groups (Figure 2a—b).

Twenty-three patients (7 in the neoadjuvant groups
and 16 in the no neoadjuvant groups) underwent 45
separate radiological or endoscopic interventions in the
recovery period. These included percutaneous drainage
of pleural, subphrenic, and intra-abdominal fluid collec-
tions; endoscopic retrograde cholangiopancreatography
(ERCP), and chest drain insertion for pneumothorax.
These differences were not statistically significant
(P =0.3).
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Figure 2. Hospital outcome data represented using box-and-
whiskers plots, grouped and compared in the four patient
chemotherapy groups. a. Length of stay on ITU/SHDU
(P =0.71). b. Length of hospital stay (P = 0.4). The box length
of the box-and-whisker plots represents the interquartile range
that contains the median value shown as a horizontal line. The
whiskers represent the 95% confidence intervals. fKruskal-
Wallis Test.

A total of 37 patients (37%) developed 53 separate
postoperative complications (Table 4). Of these 53
complications, 33 (62%) were classified as minor. There
were no significant differences demonstrated between
the number of patients within each group developing
complications (P = 0.5) or the number of complications
per patient within the groups (P = 0.8). The type and
severity of complication were comparable, the most
common being respiratory disorders, most of which were
minor, although 9 patients required respiratory support on
ITU or SHDU postoperatively. Hospital mortality was
3.9% and this also showed no significant inter-group
variation (Table 1).
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Four patients died in the hospital, two of them from the
NA OX group. The first patient in this group bled from an
intraoperative IVC tear that was repaired but required a
massive blood transfusion. The patient subsequently
deteriorated on ITU with acute respiratory distress syn-
drome (ARDS), acute renal failure, and subsequent
Gram-negative septicemia, and died of multiple organ
failure on postoperative day 7. The second patient
developed an acute deterioration in liver function on ITU
following an extended right hepatectomy. Encephalopa-
thy developed and was followed by acute renal and
respiratory failure. The patient died of cardiovascular and
respiratory failure on postoperative day 16.

One patient died in each of the non-neoadjuvant
groups. The first patient developed an infected intra-
abdominal fluid collection, and attempts at radiological
guided drainage were unsuccessful. Re-laparotomy was
required on day 13, after the patient developed a sec-
ondary hemorrhage. Overwhelming sepsis required
increasing doses of inotropes, and the patient died of
septic shock on postoperative day 15. The second patient
died after a portal vein injury that required an extensive
intraoperative blood transfusion. The patient subse-
quently underwent re-laparotomy for continued hemor-
rhage within 24 h. Both ARDS and acute renal failure
developed, and the patient died of multiple organ failure
22 days after the initial operation.

Long-term Outcome

Long-term outcome data were obtained in 87 patients.
They were grouped according to whether they had
received neoadjuvant chemotherapy (n = 42), or not
(n = 45). Information on the remaining 10 patients was
not obtained as the clinical records were unavailable or
information from a general practitioner not supplied.
Median follow-up was 23 months (range 6-54 months).
Overall survival at 1 and 3 years was 93% and 71%,
respectively. Survival without recurrence at the same
time points was 91% and 40% with a median disease-free
survival of 29 months (Figure 3a). Of the 47 patients with
recurrent disease, 40 had metastasis to the liver, with
only 7 having single-site extrahepatic metastases.

Overall survival of the patients who had received no
neoadjuvant chemotherapy was significantly better than
those in the neoadjuvant groups (3-year survival of 80%
versus 62%, P = 0.04) (Figure 3b). Disease-free survival
comparison, however, showed no difference, with a
median time to recurrence of 25 months in the neoadju-
vant versus 34 months in the no-neoadjuvant groups
(Figure 3c).
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Figure 3. Long-term outcome data. a. Postoperative survival (overall and disease-free (P = 0.0005). b. Overall survival (P = 0.04).
c. Disease-free survival (P = 0.14). d. Overall survival, synchronous metastases (P = 0.12). Patients are grouped according to their
chemotherapy status (either neoadjuvant [NA], no neoadjuvant chemotherapy [No NA], or tumor stage at presentation (either
synchronous or metachronous). Survival end points are either overall or disease-free (DFS). Curve comparison and P value

obtained using logrank test.

There were no deaths on follow-up of the 8 patients
with synchronous metastases who had not received
neoadjuvant chemotherapy, whereas 4/19 (21%) of pa-
tients in the neoadjuvant therapy group with synchronous
metastases died within the same time period (Figure 3d).
This difference was not statistically significant (P = 0.12).

DISCUSSION

Preoperative chemotherapy is being used more and
more often in patients with resectable colorectal metas-
tases either on a neoadjuvant basis as a part of clinical
trials®” or for downstaging unresectable disease.'? As a
consequence, operating on patients who have been
pre-exposed to systemic chemotherapy is becoming
increasingly common.?® Some studies suggest a change

in the liver parenchyma following chemotherapy and use
of the term “post-chemotherapy liver” is becoming more
widespread. In the study by Parc et al., the liver paren-
chyma was judged at the time of liver resection to be
abnormal by the surgeon in 7 of 17 cases (41%) following
chemotherapy, as opposed to 3 of 18 (17%) in the non-
chemotherapy group.'® Livers subjected to prolonged
chemotherapy have also been noted to be more fragile
and hemorrhagic.'® The study by Fernandez et al. dem-
onstrated an increased risk of severe steatohepatitis
associated with irinotecan and oxaliplatin chemotherapy
(although only four patients had received oxaliplatin
alone), and suggested that this may affect the hepatic
reserve and the percentage of the liver volume that can
be safely resected.?" Interim safety results of 346 patients
enrolled into the EORTC randomized phase Il study
comparing preoperative chemotherapy with FOLFOX 4
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with surgery alone were reported in abstract form in the
2005 ASCO Annual Meeting.?® Surgical morbidity and
mortality rates were low although there were more epi-
sodes of transient liver failure, wound and intra-abdomi-
nal infections in the chemotherapy group. Survival data
are expected in 2007. These data when published how-
ever will only give the perioperative risk for one chemo-
therapy group in comparison to control. To date there
have been no studies that have specifically investigated
hospital and long term clinical outcomes in a large num-
ber of patients who have received chemotherapy imme-
diately prior to liver resection. It is vital therefore that any
potentially negative impacts of neoadjuvant chemother-
apy on the short- or long-term outcomes of liver resection
are established.

The patients in this study were well matched for age,
sex and comorbidity. Patients in the neoadjuvant groups
had more advanced disease. They had a higher number
of metastases and were more likely to have synchronous
tumors at diagnosis. Chemotherapy was given to all
patients undergoing PVE, as venous embolization can
stimulate cancer growth in both the embolized and non-
embolized liver lobe.?%3" As PVE is a further approach for
downstaging unresectable tumors, 32 these patients often
have large-volume disease that is associated with their
poorer long-term survival following resection.®

An underlying abnormality in liver function preopera-
tively was suggested by the liver function tests. The levels
of GGT were above normal in the two neoadjuvant and
the no chemotherapy groups. The LDH level was ele-
vated in the NA Ox group although all other median val-
ues lay within normal limits. Routine liver function tests
however are relatively crude measures of hepatic func-
tion. The elevated gamma-glutamyl transpeptidase
(GGT) reflects a mild derangement in biliary excretion
that was found in both the chemotherapy and no-che-
motherapy groups any may therefore be due to the liver
metastases. The elevated lactate dehydrogenase (LDH)
reflected hepatocyte damage with chemotherapy but may
be minimal as aspartate transaminase (AST) and alanine
aminotransferase (ALT) levels were within the normal
ranges. Oxaliplatin is not metabolized in the liver, but it
has been shown to cause limited effects on liver function
tests,?* unlike other platinum agents that can cause sig-
nificant dose-related hepatotoxicity.3>** Only rarely has
5FU been implicated in causing hepatotoxicity when it is
given intravenously, even though the liver plays a key role
in its catabolism.® It is therefore unlikely that these
systemic drugs would give rise to abnormal liver function
tests, especially when the length of time that had passed
since the last dose of chemotherapy is taken into account
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(median of 64 and 58 days in the two neoadjuvant
groups).

The operative mortality, overall blood loss, and transfu-
sion requirements documented in this study are compa-
rable to those from other series. Reported operative
mortality rates vary from 0%—8%, and postoperative mor-
bidity rates of 10%-50% have been described.'8:36:37
This compares with 3.9% mortality and 37% overall mor-
bidity in the present study. An overall median blood loss of
1,000 ml was reported in 100 consecutive hepatectomies
by Cunningham et al., with blood transfusion required in
59%. The patients were also found to be more likely to need
transfusion if they underwent major hepatectomy.®® Other
studies have described median blood losses of between
645 ml and 3,400 ml,%3° with median transfusion require-
ments ranging from 0.9 to 8 units.?*° Overall median
blood loss in this study was 2,000 ml, with a blood and
blood product transfusion requirement of median 2 U per
patient. Most patients stay in hospital for 10-13 days
postoperatively,®® which compares with median 14 days in
the present study. This study also demonstrated that
the duration of operation, blood loss volume, and intraop-
erative transfusion requirements were not significantly
increased in patients who had received neoadjuvant che-
motherapy. The duration of high dependency or intensive
care support, as well as the number of complications suf-
fered and postoperative procedures performed, and the
overall hospital length of stay were similar to patients who
had not received chemotherapy.

The histological reports described abnormal back-
ground liver parenchyma in 68% of specimens. Most of
these reports, however, described only mild to moderate
features of steatosis and inflammation, and they were
descriptive and inaccurate measures of the degree of
abnormality. The pathologists were making a quick sub-
jective assessment of the parenchyma to determine any
gross features of underlying liver disease that may have
had an impact on the clinical recovery of the patient or
their further treatment. Different pathologists of varying
experience graded these changes, and there was no
structured scoring system in place.

Comments made by the operating surgeon about the
nature of the liver tissue were similarly subjective and
prone to observer error, as there was no obligation of the
surgeon to comment on the parenchyma. It may have
been that in some cases, patients with an abnormal
macroscopic parenchyma at operation had no comment
made by the surgeon in the notes as it was not thought to
be a significant finding. There were different surgeons
operating and writing the notes, and that may have led to
interobserver error. Each surgeon was also aware of the
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chemotherapy status of the patient on whom they were
operating; hence perceived steatosis and parenchymal
friability may have been attributed inappropriately to
chemotherapy. Despite these shortcomings, there re-
mained a perceived surgical difference in the nature of
the background liver following chemotherapy that was
similar to previous observation.'?1°

Overall 5-year survival of patients following hepatec-
tomy for colorectal liver metastases has been reported up
to 47%,* although most studies report survival rates of
25%-32%."~* Survival up to 10 years has also been
documented in up to 26% of patients.?® Five-year sur-
vival information was not available on our data set,
although a 3-year survival of 71% may be better than that
from other studies (55%* and 44%?°).

The poorer long-term survival of the patients receiving
neoadjuvant chemotherapy may be related to the more
advanced nature of the disease in these patients. They
had significantly higher numbers of metastases, and
more of them had synchronous lesions at presentation
than the patients who had not received preoperative
chemotherapy. Both of these factors are associated with
a poorer long-term outlook.® As the overall survival of the
NA chemotherapy patients was significantly less than for
those with no NA chemotherapy, although the disease-
free survival was similar, it is likely that the outcome
of patients developing recurrence who had previously
received oxaliplatin was reduced. This difference may
be related to the chemosensitivity that develops with
repeated administration, the objective responses to failed
second-line chemotherapy being low.*'

This study demonstrated no disadvantages related to
the use of preoperative systemic oxaliplatin and 5FU-
based chemotherapy in terms of operative or hospital
outcome, when compared with patients who had not re-
ceived this treatment. Long-term survival was poorer in
patients who had received neoadjuvant chemotherapy,
and this may be attributed to the more advanced nature of
their disease at presentation. This study would suggest
that the administration of 5FU and oxaliplatin chemo-
therapy prior to liver resection does not increase mor-
bidity, mortality, or hospital stay.
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