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Abstract
Purpose The relationship between neo-adjuvant chemothera-
py prior to hepatectomy in patients with resectable colorectal
liver metastases and post-operative morbidity still has to be
clarified.
Methods Data from 242 patients undergoing hepatectomy
for colorectal liver metastases, judged resectable at first
observation, were reviewed and their clinical outcome was
related to neo-adjuvant chemotherapy (125 patients). Selec-
tion biases were outlined and properly handled by means of
propensity score analysis.
Results Post-operative death was 1.2% and morbidity 40.9%.
Pre-operative chemotherapy was only apparently related to
higher morbidity (P00.021): multivariate analysis identified
extension of hepatectomy and intra-operative blood loss as
independent prognostic variables (P<0.05). Patients receiving
and not receiving neo-adjuvant chemotherapy were signifi-
cantly different for several covariates, including extension of
hepatectomy (P00.049). After propensity score adjustment,
94 patients were identified as having similar covariate distribu-
tion (standardized differences <|0.1|) except for neo-adjuvant

treatment (47 patients for each group). In this matched sample,
mortality was similar and post-operative complications
were only slightly higher (hazard ratio01.38) in treated
patients. A significantly higher need for fluid replacement was
only observed in patients receiving neo-adjuvant chemothera-
py (P00.038).
Conclusions Neo-adjuvant chemotherapy showed a limited
role in determining post-operative morbidity after hepatic
resection and did not modify mortality.

Keywords Hepatic resection . Chemotherapy . Colorectal
neoplasm . Liver metastases . Morbidity

Introduction

Colorectal cancer is a leading cause of cancer-related mor-
bidity and mortality worldwide [1, 2]. The liver is the most
common site of metastases, observed in up to 25% of
patients at the time of initial diagnosis and within 3 years
after primary colonic surgery in more than 50% of stage III
patients [3–5]. Neo-adjuvant chemotherapy has become an
integral part of the multidisciplinary management of meta-
static colorectal cancer. It can result in the down-staging of
disease and thus improve hepatic resection rates by 13–20%
[6, 7]. The practice of administering neo-adjuvant chemo-
therapy in patients with resectable colorectal liver metastases
has recently increased. This practice is aimed at assessing
response to treatment, limiting the extent of liver resection,
reducing R1 resection rates, and avoiding surgery in patients
with rapidly progressive disease as a result of chemotherapy
resistance, thereby improving patient selection [8]. The draw-
backs include the potential induction of chemotherapy-
associated steato-hepatitis and veno-occlusive changes that
manifest as a mottled, friable, and hemorrhagic liver that
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makes parenchymal dissection a more hazardous procedure
and hemostasis more difficult to achieve, with a consequent
expected increase in perioperative morbidity and mortality
[9–13]. In the EORTC trial of Nordlinger et al. in 2008, an
increased occurrence of reversible post-operative complica-
tion was reported in patients receiving neo-adjuvant chemo-
therapy in comparison to patients who were submitted to
surgery alone [13], whereas retrospective analyses from various
series reported contrasting results [14–18]. These discrepancies
are probably the consequence of population selection biases
typical of observational retrospective studies. In fact, patients
submitted to neo-adjuvant chemotherapy often have a more
extended tumor burden or synchronous metastases, and they
more frequently undergo more extended hepatectomy or con-
comitant bowel resection in comparison to those not submitted
to pre-operative chemotherapy [9–12, 14–18]. To be fair, trea-
ted and untreated subjects must be compared as if they were
similar in terms of everything able to affect the outcome, except
for the receipt of treatment. Propensity score methods are
increasingly being used in medical research to reduce the
impact of treatment selection bias in the estimation of causal
treatment effects in observational data [19–22]. The propensity
score is a subject’s probability of receiving a specific treatment
conditional on the observed covariates. Matching on the pro-
pensity score makes it possible to balance measured variables
between treated and untreated subjects. Propensity scores are
an alternative method of estimating the effect of receiving
treatment when random assignment of treatments to subjects
(randomized controlled trials; RCT) is not feasible. In observa-
tional studies, random assignment to treatments is not possible.
The primary limitation of an observational study is that there
may be random selection of subjects but not random allocation
of treatments to subjects. When there is lack of randomization,
casual inferences (i.e., multivariate models) cannot be made
because it is not possible to determine whether the differ-
ence in outcome between the treated and control subjects is
due to the treatment or differences between subjects in other
characteristics.

The main aim of the present study was to assess the
effective role of neo-adjuvant chemotherapy in the early
post-operative period in a large prospectively collected da-
tabase from a single-institution experience over the last
decade. The impact of population selection bias in deter-
mining post-operative course was handled by means of
propensity score match. Thus, treated and untreated subjects
were adequately matched and post-operative morbidity and
mortality were assessed in the matched sample of patients
having the same covariate distribution. This approach
allows us to identify the potential confounding variables
that can explain the differences reported in post-operative
morbidity in relationship with neo-adjuvant chemotherapy
and to conduct an analysis similar to an RCT aimed at
assessing the effective role of neo-adjuvant chemotherapy

in determining the outcome of hepatic resection for colorectal
liver metastases.

Methods

Patient selection

Between 1st January 2001 and 31st December 2009, 274
patients underwent potentially curative surgery for colorec-
tal liver metastases at our institution. In order to reduce the
impact of potentially confounding variables in the assess-
ment of post-operative complications, the following exclu-
sion criteria were applied to select the study population:
repeated hepatectomy (21 patients), pre-operative portal
vein embolization (six patients), simultaneous pulmonary
resection (four patients), or nephrectomy (one patient). The
study population consisted of 242 patients. All patient data
were prospectively entered into a database over the years.
These data included demographic variables, characteristics
of primary and metastatic colorectal cancer, details regarding
pre-operative chemotherapy, type and duration of surgery,
intra- and post-operative course, and length of in-hospital stay.
Macrovesicular steatosis was also assessed on the histological
specimen and defined as hepatocytes containing one large
vacuole of fat displacing the nucleus peripherally and was
graded as absent versus present [10–12].

Main outcome measures

The main aim of the present study was to assess which pre-
operative variables could affect post-operative morbidity, pay-
ing special attention to the role of neo-adjuvant chemotherapy.
For the purpose of defining post-operative complications, the
classification proposed by Clavien and coworkers was applied
[23] and complications were defined as mild (grade I), moder-
ate (grade II), severe without general anesthesia (GA) (grade
IIIa) and under GA (grade IIIb), and severe with single- or
multiorgan system failure (grade IV). A grade V complication
was death of the patient: death was counted as any mortality
during hospital stay or within 30 days of surgery. The following
liver-related complications were also collected for all patients
and graded according to Clavien’s classification [22, 23]: oc-
currence of refractory ascites was defined as a grade II compli-
cation when it caused a delay in the removal of surgical
drainages or as grade IIIa when treated with an invasive pro-
cedure without GA (paracentesis); an increase of bilirubin level
above 3 mg/dL (294 μmol/L) was graded as a grade II com-
plication because it was not treated with any specific drug;
alteration of coagulation factors requiring fresh frozen plasma
(FFP) infusion with an INR above 1.50 (in the absence of
serum bilirubin level above 12 mg/dL) was graded as grade II
because it required pharmacological treatment with drugs other
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than those allowed for mild complications; renal impairment,
defined as blood urea nitrogen above 2.00 g/L and/or increase
of serum creatinine above 2.00 mg/dL (182 μmol/L), was
graded as grade I complications when treated with only loop
diuretics, as grade II in cases of treatment with dopamine or
terlipressin or as grade IV in cases of renal impairment that
required dialysis.

Neo-adjuvant chemotherapy

The treating medical oncologist determined the indication for
chemotherapy and the regimen used; all patients receiving
neo-adjuvant chemotherapy included in the present analysis
were judged to have initially resectable metastases at diagno-
sis. Chemotherapy was adopted in 125 of the 242 patients
forming the study group (51.7%). Firstline treatment consisted
of fluoropyrimidine (5-fluorouracil, 5-FU)-based regimes in
the majority of cases (5-FU + leucovorin in 21 patients,
16.8%, 5-FU + oxaliplatin alone in 50, 40.0%, 5-FU + irino-
tecan alone in 16, 12.8%) and other regimes were adopted in
the remaining proportion (38 patients, 30.4%). Within other
regimes, the associated use of oxaliplatin and irinotecan was
adopted in 11 patients (8.8%); bevacizumab was combined
with oxaliplatin in 4 (3.2%) and with irinotecan in 11 (8.8%);
cetuximab and panintumumab were adopted in one case each,
in combination with oxaliplatin in both cases (1.6%). Ralti-
trexed or capecitabine were adopted in the remaining propor-
tion of patients (ten patients, 8.0%). Chemotherapy was
administered for a median of 6 cycles before liver resection
(range 3–10 cycles), and ended at least 4 weeks before surgery
in the majority of patients (120 out of 125, 96%). Adjuvant
chemotherapy after resection usually restarted 45 weeks after
surgery. Experimental protocols were approved by the appro-
priate institutional review committee and met the guidelines of
their responsible governmental agency. Informed written con-
sent was obtained from all patients included in the analysis.

Statistical analysis

Continuous variables were expressed as mean and standard
deviation and/or median and range. Categorical variables were
reported as the number of cases and prevalence. Student’s t-
test, Mann–Whitney test, and Fisher exact test were applied as
appropriate. Logistic regression was applied to verify the
relationship between clinical, demographical, tumoral, and
surgical variables considered and the occurrence of a post-
operative complication. Variables significantly related to mor-
bidity at univariate analysis were entered in a multivariate
backward logistic regression model. Continuous variables
were categorized on the basis of their median value.

In order to investigate the relationship existing between
neo-adjuvant chemotherapy and the main outcome measure
(morbidity), a one-to-one match was created using propensity

score analysis. In an observational study of the effect of treat-
ments, exposures, or interventions, the propensity score is the
probability of treatment assignment conditional on observed
baseline covariates [20–22]. For this purpose, an iterative
matching method was adopted until the baseline variables
were balanced between treated and untreated subjects. Pro-
pensity score was calculated through a logistic regression
model having as independent variables those variables signifi-
cantly different between treated and untreated subjects and/or
related to the main outcomemeasure and with the neo-adjuvant
chemotherapy variable selected as a dependent variable. Match
was performed by using the nearest neighbor matchingmethod,
without replacement, using a specified caliper of 0.2 of the
standard deviation of the logit of the propensity score, without
replacement until all possible matches had been formed. This
caliper was selected because it was shown to result in optimal
estimation comparedwith other choices of caliper [24]. Balance
in the matched sample was assessed iteratively through stan-
dardized differences (d) calculation. Once the final matched
groups had been obtained, the treatment effect on intraoperative
and post-operative course was assessed by paired t-tests for
continuous variables and by the McNemar test for correlated
binary proportion. P values asless than 0.05 were considered as
statistically significant. All calculations were performed using
SPSS 12.0 (SPSS, Inc, Chicago, IL, USA).

Results

Patient characteristics, mortality, and morbidity

Patient demographics and clinical and tumor characteristics
are detailed in Table 1. Post-operative death was 1.2% (three
cases) and overall morbidity was 40.9% (99 cases). The
median in-hospital stay was 8 days (range, 4–74 days). Mild
(28.1%) and moderate (38.8%) complications were those
most frequently observed. In particular, infection and/or
fever requiring a change of antibiotics was the most frequent
(20.2%) followed by pleural effusion or atelectasis on chest
radiography (18.6%). Severe complications requiring general
anesthesia (3.3%) and organ system failure (1.2%) were in-
frequent and this latter complication led to patient death in the
three reported cases. A detailed list of post-operative compli-
cations is reported in the “Electronic supplementary material”
(Table S1). Overall, 98 patients (40.5%) experienced at least
one minor complication (grade I–II) whereas 24 patients
(9.9%) experienced at least one major complication (grade
III–IV). One patient experienced only one severe complica-
tion not requiring general anesthesia (grade IIIa) and without
any associated minor complication (need for continuous pos-
itive air pressure, CPAP).

Table 2 reports relationships observed between demograph-
ical, clinical, tumoral, and surgical characteristics considered
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and morbidity at univariate analysis. It should be noted that the
administration of neo-adjuvant chemotherapy proved to be
significantly related to complication occurrence (P00.021).
However, results from the multivariate analysis, reported in
Table 3, showed that extension of hepatectomy (P00.012)
and the need for intra-operative red blood cells transfusion
(P00.002) were the only variables independently associated
with complications after surgery, whereas the use of neo-
adjuvant chemotherapy did not prove independently related to
morbidity (P00.277). Of particular note is the finding that
morbidity of treated patients submitted to major hepatectomy
was 62.7% (37/59) while that of untreated patients was 42.5%
(17/40; P00.038); conversely, morbidity of treated patients
submitted to minor hepatectomy was 34.8% (23/66) while that
of untreated patients was 28.6% (22/77; P00.266).

The role of neo-adjuvant chemotherapy

Among the 125 patients who received neo-adjuvant chemo-
therapy, 60 (48.0%) experienced at least one complication,
whereas nine patients (7.2%) also experienced at least one
major complication (grade III–IV). Neo-adjuvant chemother-
apy with 5FU+oxaliplatin was related to a morbidity of
46.0% (23/50), 5FU+irinotecan was related to a morbidity
of 58.3% (9/16), 5FU + leucovorin was related to a morbidity
of 38.1% (8/21), and other chemotherapeutic regimes to a
morbidity of 52.6% (20/38) (P00.547). As outlined in Table 4,
patients undergoing surgery with or without neo-adjuvant che-
motherapy differed significantly from each other as regards
demographic, clinical, tumor, and surgical characteristics.
Patients receiving neo-adjuvant chemotherapy were younger
(P00.001), with a higher prevalence of synchronous metasta-
ses (P00.001), a lower platelet count (P00.008), higher pre-
operative levels of gamma glutamyl transferase (P00.026),
higher tumor number (P00.001), and Nordlinger score (P0
0.001) and were more frequently submitted to major hepatec-
tomy (P00.049) and synchronous bowel resection (P00.043).
Consequently, to adequately compare morbidity of the treated
and untreated subjects, they were first matched for these
covariates.

Analysis of neo-adjuvant chemotherapy after matching

The results of the propensity score analysis are reported in
Table 5. Forty-seven patients of the 125 receiving neo-
adjuvant chemotherapy (37.6%) and an equal number of
the 117 patients not receiving neo-adjuvant chemotherapy
(40.2%) of the whole study group were matched after cova-
riate adjustment; thus, 78 patients with neo-adjuvant and 70
without neo-adjuvant chemotherapy were excluded because
their propensity score was not matchable. The new study
group of 94 patients was nowwell matched and covariates that
significantly affected morbidity in the whole study group were

Table 1 Baseline characteristics of the whole study population

Variables All patients (n0242)

Age (years) 62.8±10.7 (63; 25–84)

Gender, male 140 (57.9%)

T primary tumor

T1 2 (0.8%)

T2 23 (9.5%)

T3 187 (77.3%)

T4 30 (12.4%)

N primary tumor

N0 65 (26.9%)

N1 123 (50.8%)

N2 54 (22.7%)

Synchronous metastases 126 (52.1%)

Neo-adjuvant chemotherapy 125 (51.7%)

Laboratory values

Albumin (g/dL) 3.9±0.4 (4.0; 2.4–5.1)

Platelet count (×103/mm3) 248±86 (240; 97–698)

Serum bilirubin (mg/dL) 0.70±0.35 (0.65; 0.25–1.86)

Gamma glutamyl transferase (IU/mL) 61.2±51.6 (40.5; 8–386)

Aspartate amino-transferase (IU/mL) 31.0±26.9 (26; 10–318)

Alanine amino-transferase (IU/mL) 30.9±28.3 (22; 4–314)

INR 1.06±0.16 (1.03; 0.90–1.98)

Pre-operative number of tumors

1 99 (40.9%)

2–3 88 (36.4%)

>3 55 (22.7%)

Pre-operative size of largest tumor (cm) 3.9±2.3 (3.5; 1.0–18)

Extension of hepatectomy

Wedge resection or segmentectomy 103 (42.6%)

Bisegmentectomy 40 (16.5%)

Major resection 99 (40.9%)

Duration of surgery (h) 4.5±1.8 (4.1; 1.3–8.0)

Red blood cells transfusion 68 (28.1%)

Synchronous bowel resection 28 (11.6%)

Negative liver resection margin (R0) 216 (89.3%)

Presence of macrovesicular steatosis 76 (31.4%)

Nordlinger score

0 5 (2.1%)

1 16 (6.6%)

2 73 (30.2%)

3 69 (28.5%)

4 61 (25.2%)

5 18 (7.4%)

Continuous variables are reported in mean and standard deviation
(median; range). Nordlinger score was calculated by assigning one
point for each of the following features [13]: extension into the serosa
of the primary tumor, lymphatic spread of the primary tumor, delay
since primary tumor resection <24 months, number of liver metastases
in pre-operative imaging >3, largest size of liver metastasis in
pre-operative imaging ≥5 cm, pre-operatively estimated clearance
of normal parenchyma resected with the liver metastasis <1 cm,
age ≥60 years
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equally distributed over the two matched groups (d-value
lower than the absolute value of 0.1; d<|0.1|). In particular,
extension of hepatectomy was identical between treated and
un-treated subjects: wedge resection or segmentectomy
34.0%, bi-segmentectomy 19.1%, major hepatectomy 46.8%
in both groups. The matched sample of 94 patients had an
overall morbidity of 39.3% (38 cases) and a post-operative
death of 1.1% (one case).

Details regarding intra- and post-operative course are
reported in Table 6. Patients submitted to neo-adjuvant
chemotherapy required a significantly higher amount of
fluid infusion (including crystalloids, colloids, RBC and
FFP transfusions and albumin) during surgery (P00.038).
In particular, the 17 patients submitted to neo-adjuvant
chemotherapy and receiving RBC transfusion required a
median of 500 ml of RBC (range, 250–2,1500) whereas
the 16 non-treated patients required a median of 600 ml
(range, 250–3,300). The ten patients submitted to neo-
adjuvant chemotherapy and receiving FFP transfusion re-
quired a median of 600 ml of FFP (range 150–2,100)
whereas the nine non-treated patients required a median of
300 ml of FFP (range, 150–600). Post-operative complica-
tions were higher in patients receiving neo-adjuvant chemo-
therapy but not statistically significant at the paired
McNemar test. In particular, the pair-matched odds ratio
for overall morbidity was 1.38 (95% C.I.00.55–3.42) for

patients receiving neo-adjuvant chemotherapy and for minor
complications it was 1.50 (95%C.I.00.61–3.67); in other
words, to detect this latter increase with 80% power at
two-sided 5% significance levels, a population with at least
254 patients for each arm would be necessary to observe
statistical significance. Finally, post-operative in-hospital
stay was similar between the two groups (P00.397).

Discussion

Pre-operative chemotherapy is currently being used more
and more often in patients with colorectal metastases either
on a neo-adjuvant basis for already resectable tumors or for
down-staging unresectable disease. As a consequence, he-
patic resection in patients who have already been exposed to
systemic chemotherapy is becoming increasingly common
in surgical practice [8]. Some studies suggest a change in the
liver parenchyma following chemotherapy: oxaliplatin was
associated with an increase in sinusoidal injury [9, 10, 25,
26], whereas irinotecan was associated with an increased
risk of steato-hepatitis [10, 27, 28]. The effect of chemo-
therapy on early post-operative outcome is still controversial
in the literature, especially when results come from retrospec-
tive observational studies [9–12, 14–18]. Propensity score
analysis can help in reducing the impact of confounding

Table 2 Univariate analysis of predictive factors of post-operative morbidity

Variables Category Post-operative morbidity Odds ratio 95% C.I. P-value

Age (years) >63 ; ≤63 39.5%; 42.3% 1.12 0.67–1.87 0.660

Gender Female ; male 32.4%; 47.1% 1.86 1.09–3.17 0.021

Synchronous metastases Absent, present 33.6%; 47.6% 1.80 1.07–3.02 0.028

Neo-adjuvant chemotherapy Absent, present 33.3%; 48.0% 1.85 1.10–3.11 0.021

Albumin (g/dL) ≤4, >4 39.1%; 43.3% 1.19 0.71–1.99 0.517

Platelet count (×103/mm3) ≤240, >240 34.7%; 47.5% 1.71 1.02–2.85 0.044

Serum bilirubin (mg/dL) > 0.65; ≤0.65 39.7%; 42.1% 1.11 0.66–1.85 0.695

Gamma glutamyl transferase (U/L) ≤41; >41 33.1%; 48.8% 1.93 1.15–3.24 0.013

Aspartate amino-transferase (U/L) ≤26; >26 35.1%; 47.7% 1.69 1.01–2.83 0.047

Alanine amino-transferase (U/L) ≤22; >22 38.2%; 43.7% 1.26 0.75–2.10 0.386

INR ≤1.03; >1.03 37.4%; 45.6% 1.40 0.84–2.36 0.199

Pre-operative number of tumors 1; 2–3; >3 34.3%; 36.4%; 60.0% 1.63 1.16–2.28 0.005

Pre-operative size of largest tumor (cm) ≤3.5; >3.5 33.6%; 50.0% 1.98 1.18–3.33 0.010

Extension of hepatectomy (number of segments) <2; 2; >2 29.1%; 37.5%; 54.5% 1.71 1.28–2.29 0.001

Duration of surgery (h) <4.1; > 4.1 31.1%; 50.8% 2.28 1.35–3.86 0.002

Red blood cells transfusion No; yes 34.5%; 57.4% 2.56 1.44–4.53 0.001

Synchronous bowel resection No; yes 39.3%; 53.6% 1.79 0.81–3.94 0.151

Liver resection margin R1; R0 38.5%; 41.2% 1.12 0.49–2.59 0.788

Presence of macrovesicular steatosis No; yes 32.9%; 44.6% 1.64 0.93–2.90 0.087

Nordlinger score 0–2; 3; 4–5 31.9%; 40.6%; 51.9% 1.52 1.11–2.07 0.008

Continuous variables were categorized on the basis of their median value
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variables, and matching on the propensity score makes it
possible to balance measured variables between treated and
untreated subjects.

The first result of the present study is that patients receiving
neo-adjuvant chemotherapy only apparently experienced
more complications after surgery in comparison to those
who did not receive pre-operative chemotherapy. The bias
related to population selection is highlighted by both the
multivariate analysis that showed that extension of hepatecto-
my was the sole variable related to post-operative morbidity
and the relatively small proportion of treated and untreated
patients having similar characteristics and available for pro-
pensity score match (26.4%). This small proportion is the
result of the fact that treated and un-treated patients were
significantly different from each other. Such a population

selection bias is typical of observational retrospective studies
and the contrasting results reported by previous studies could
be the consequence of comparing apples with oranges [19].
Differences in the covariate distribution between patients re-
ceiving neo-adjuvant chemotherapy or not can be found in
most of the studies regarding safety of hepatic resection for
colorectal liver metastases [9–12, 15–18, 25, 27, 28], except
one [13]. In the Nordlinger RCT, the bias was reduced by the
nature of the study itself. Even if the study was not planned to
detect an increase in morbidity, reversible post-operative com-
plications were found to occur more frequently after chemo-
therapy than after surgery alone (P00.040) with a calculated
odds ratio of 1.78 (95% C.I. 0 1.03–3.07). At present, this is
the only study with a level I of evidence that showed an
increased morbidity after neo-adjuvant chemotherapy. The

Table 3 Multivariate analysis of
predictive factors of post-
operative morbidity in the whole
study population of 242 patients

Continuous variables were
categorized on the basis of their
median value

Variables Category Odds
ratio

95% C.I. P-value

Gender Female; male 1.43 0.92–2.18 0.154

Synchronous metastases Absent; present 1.06 0.54–2.09 0.858

Neo-adjuvant chemotherapy Absent; present 1.41 0.76–2.64 0.277

Platelet count (×103/mm3) ≤240; >240 1.75 0.98–2.01 0.198

Gamma glutamyl transferase (U/L) ≤41; >41 1.52 0.86–2.69 0.150

Aspartate amino-transferase (U/L) ≤26; >26 1.29 0.69–2.39 0.429

Pre-operative number of tumors 1; 2–3; >3 1.56 0.97–2.27 0.120

Pre-operative size of largest tumor (cm) ≤3.5; >3.5 1.43 0.79–2.59 0.239

Extension of hepatectomy (number of segments) <2; 2; >2 1.56 1.07–2.27 0.012

Duration of surgery (h) <4.1; > 4.1 1.45 0.79–2.62 0.224

Red blood cells transfusion No; yes 2.87 1.09–2.08 0.002

Nordlinger score 0–2; 3; 4–5 1.16 0.78–1.73 0.463

Table 4 Baseline characteristics
of the whole study population of
242 patients in relation with
presence of neo-adjuvant
chemotherapy

d indicates standardized
difference: d values lower than
|0.1| indicate very small differ-
ences between means, d values
between |0.1| and |0.3| indicate
small differences, d values
between |0.3| and |0.5| indicate
moderate differences, and d
values greater than |0.5| indicate
large differences

Variables Neo-adjuvant
(n0125)

No neo-adjuvant
(n0117)

P-value d

Age (year) 60.6±10.1 65.2±10.9 0.001 −0.438

Gender, male 78 (62.4%) 62 (53.0%) 0.153 0.191

Synchronous metastases 94 (75.2%) 32 (27.4%) 0.001 0.924

Albumin (g/dL) 4.0±0.4 4.0±0.5 0.172 −0.005

Platelet count (×103/mm3) 235.7±81.6 264.0±88.5 0.008 −0.332

Serum bilirubin (mg/dL) 0.72±0.40 0.69±0.30 0.165 0.085

Gamma glutamyl transferase (U/L) 69.7±57.8 52.2±43.2 0.026 0.343

Aspartate amino-transferase (U/L) 31.3±31.7 27.6±20.2 0.389 0.139

Alanine amino-transferase (U/L) 34.9±30.5 26.8±22.9 0.055 0.300

INR 1.05±0.09 1.08±0.21 0.241 −0.186

Tumor number >3 45 (36.0%) 10 (8.5%) 0.001 0.701

Size of largest tumor (cm) 3.8±2.4 4.0±2.2 0.445 −0.005

Major hepatectomy 59 (47.2%) 40 (34.2%) 0.049 0.267

Synchronous bowel resection 9 (7.2%) 19 (16.2%) 0.043 −0.283

Presence of macrovesicular steatosis 37 (29.6%) 39 (33.3%) 0.580 −0.080

Nordlinger score >3 53 (42.4%) 26 (22.2%) 0.001 0.442
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present propensity score analysis showed that a slight increase
in post-operative minor complications could be expected with
an observed odds ratio of 1.50 (thus, within the 95% C.I.
reported by Nordlinger et al.), but it failed to detect a statisti-
cally significant difference because of the small size of the
matched population, as highlighted by the sample size calcu-
lation: to detect the observed increase with 80% power at two-

sided 5% significance levels, a population with at least 254
patients for each arm was required.

Livers subjected to pre-operative chemotherapy have been
noted to be more fragile and hemorrhagic. In the present
analysis, extension of hepatectomy and the need for intra-
operative red blood cells transfusion were the sole variables
independently associated with complications after surgery.

Table 5 Baseline characteristics
of the matched study population
of 94 patients in relation with the
use of neo-adjuvant
chemotherapy

Considering the matched nature
of the analysis, differences in
continuous baseline variables
were assessed using the paired
t-test and in differences in pro-
portions using McNemar test.
d indicates standardized differ-
ence: d values lower than |0.1|
indicate very small differences
between means, d values
between |0.1| and |0.3| indicate
small difference, d values
between |0.3| and |0.5| indicate
moderate differences, and d
values greater than |0.5| indicate
large differences

Variables Neo-adjuvant
(n047)

No neo-adjuvant
(n047)

P-value d

Age (yr) 63.9±10.4 64.9±9.8 0.584 −0.099

Gender Male 27 (57.4%) 27 (57.4%) 0.831 0.000

Synchronous metastases 19 (40.4%) 19 (40.4%) 0.871 0.000

Albumin (g/dL) 4.0±0.4 3.9±0.5 0.285 0.221

Platelet count (×103/mm3) 256.7±102.9 254.3±78.3 0.768 0.026

Serum Bilirubin (mg/dL) 0.71±0.45 0.68±0.31 0.468 0.078

Gamma glutamyl transferase (U/L) 68.4±57.1 67.9±60.6 0.930 0.008

Aspartate amino-transferase (U/L) 30.8±23.4 29.3±14.6 0.418 0.077

Alanine amino-transferase (U/L) 33.3±31.8 30.6±24.6 0.570 0.095

INR 1.07±0.22 1.09±0.31 0.329 −0.074

Tumor number >3 8 (17.0%) 9 (19.1%) 0.999 −0.055

Size of largest tumor (cm) 4.1±2.9 4.3±2.3 0.403 −0.076

Major hepatectomy 22 (46.8%) 22 (46.8%) 0.894 0.000

Synchronous bowel resection 7 (14.9%) 7 (14.9%) 0.789 0.000

Presence of macrovesicular steatosis 18 (38.3%) 16 (34.0%) 0.830 0.090

Nordlinger score >3 13 (27.6%) 14 (29.8%) 0.929 −0.049

Table 6 Intra- and post-
operative course in relationship
with neo-adjuvant chemotherapy
in the matched sample of 94
patients

Considering the matched nature
of the analysis, differences in
continuous baseline variables
were assessed using the paired
t-tests and differences in propor-
tions using the McNemar test.
One patient could experience
more than one complication of
any grade; consequently the sum
of each complication could be
different from the overall count

RBC red blood cells, FFP fresh
frozen plasma, SAP systolic
arterial pressure, GA
general anesthesia
aIncludes crystalloids, colloids,
RBC, FFP and albumin

Post-operative complications Neo-adjuvant
(n047)

No neo-adjuvant
(n047)

P-value

Duration of surgery (h) 4.9±2.2 4.5±1.9 0.554

Fluid administration

Crystalloids (mL) 3400±1580 3100±1370 0.423

Colloids (mL) 780±445 520±380 0.215

RBC transfusion 36.2% (17) 34.0% (16) 0.999

FFP transfusion 21.3% (10) 19.1% (9) 0.999

Total fluid infusiona (mL) 4,540±2,500 3,850±1,800 0.038

Hypotension episodes (SAP <80 mmHg) 6.4% (3) 6.4% (3) 0.999

Post-operative death 2.1% (1) 0.0% (0) 0.479

At least one complication of any grade 42.6% (20) 36.2% (17) 0.648

At least one minor complication 42.6% (20) 34.0% (16) 0.503

At least one mild complication 31.9% (15) 27.7% (13) 0.629

At least one moderate complication 40.4% (19) 34.0% (16) 0.503

At least one major complication 6.4% (3) 8.5% (4) 0.705

At least one severe/no GA complication 6.4% (3) 8.5% (4) 0.705

At least one severe/GA complication 2.1% (1) 6.4% (3) 0.317

Severe organ system failure 2.1% (1) 0.0% (0) 0.479

In hospital stay (days; median, range) 13 (7–234) 10 (6–221) 0.397
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The presence of sinusoidal injury or macroscopic signs of
steato-hepatitis could lead to a more difficult to obtain hemo-
stasis during surgery, especially when performing major hep-
atectomy [6, 15, 29]. These macroscopic features can also lead
surgeons to carry out less frequent or shorter pedicle clamping
because of fear of ischemia–reperfusion injury, thus increasing
blood loss. In the present study, a significant increase in fluid
replacement was observed in patients receiving neo-adjuvant
chemotherapy in the matched population. As also observed in
the present multivariate analysis, higher intra-operative blood
loss is an established risk factor for post-operative morbidity
and mortality [15, 30, 31], so it is reasonable to suppose a role
for this factor in determining the increase of morbidity ob-
served in treated subjects of the present study population.
Neo-adjuvant chemotherapy can lead to increased intra-
operative blood loss that, in turn, could lead to a relative
increase in morbidity. This effect is probably magnified in
the presence of lower residual liver volume as can be expected
after a major hepatectomy, as suggested by the finding that
morbidity of treated patients was significantly higher only in
patients submitted to major hepatic resection.

Regarding the potential association between the chemo-
therapy regime adopted and post-operative complications,
the present study did not find any significant relationship
between irinotecan, oxaliplatin, or bevacizumab and mor-
bidity. Irinotecan and oxaliplatin were only apparently as-
sociated with more frequent complications but were not
significantly related to the main outcome measure of the
present study. These findings are still in keeping with the
reported results of an increased prevalence of steato-
hepatitis and sinusoidal obstruction syndrome in patients
receiving irinotecan or oxaliplatin, respectively, and of their
not clear significance in modifying the clinical outcome [10,
14, 26–28, 32]. It should be noted however that in the
present experience, chemotherapy was administered for a
median of 6 cycles before liver resection and ended at least
4 weeks before surgery in 96% of patients. Duration and
timing of neo-adjuvant chemotherapy are covariates that
have been reported to be related to complication occurrence
[11, 33] and this feature can, on one hand, partly explain the
slight difference observed in the post-operative assessment
of morbidity of the two matched groups and in the relation-
ship with the chemotherapy regime adopted; on the other
hand, it outlines the importance of covariate adjustment in the
interpretation of the results. Unfortunately, a sub-analysis of
different neo-adjuvant chemotherapy regimes in the matched
sample was impossible due to the low number of cases in each
category (more than 30.0% of cells have an expected count of
less than 5) and this factor represents another issue that needs
to be adequately clarified through well-designed controlled
studies.

In conclusion, the present study suggests a very limited role
of neo-adjuvant chemotherapy in determining post-operative

morbidity after hepatic resection. Most concerns related to
contrasting results reported in the literature can be the end
result of population selection bias since patients submitted to
neo-adjuvant chemotherapy often have a more extended tu-
mor burden or synchronous metastases, and they more fre-
quently undergo more extended hepatectomy or concomitant
bowel resection in comparison to those not submitted to pre-
operative chemotherapy. More RCTs are needed to give a
reliable estimation of the pre-operative role of chemotherapy
in determining post-operative outcome because of the strong
impact of the multitude of covariates able to affect the out-
come as outlined by the present propensity score analysis.
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