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Background: There is increasing evidence that the presence of a pre-operative systemic
inflammatory response (SIR) independently predicts poor long-term outcome in patients
with colorectal cancer (CRC). Socioeconomic deprivation was reported to correlate with
the presence of the SIR and to independently predict poor outcome following primary
CRC resection. The aim of this study was to determine the prognostic value of pre-operative
systemic inflammatory biomarkers and socioeconomic deprivation in patients undergoing
resection of colorectal liver metastases (CLM) and to examine correlations between these
variables in this context.
Patients and methods: Clinicopathological data, including the Memorial Sloan-Kettering Can-
cer Centre Clinical Risk Score (CRS), were obtained from a prospectively maintained data-
base for 174 patients who underwent hepatectomy for CLM between January 2000 and
December 2005 at a single United Kingdom (UK) tertiary referral hepatobiliary centre.
Inflammatory biomarkers (total and differential leucocyte counts, neutrophil-lymphocyte
ratio, platelet count, haemoglobin, and serum albumin) were measured from routine pre-
operative blood tests. Socioeconomic deprivation was measured using the Carstairs depri-
vation score.
Results: On multivariable analysis, poor CRS (3-5), high neutrophil count (>6.0 x 10%1) and
low serum albumin (<40 g/dl) were the only independent predictors of shortened overall
survival following metastasectomy, with neutrophil count representing the greatest rela-
tive risk of death. These factors were also the only independent predictors of shortened dis-
ease-free survival following hepatectomy. Socioeconomic deprivation was associated with
neither systemic inflammation nor long-term outcome in this context.
Conclusions: The presence of a pre-operative systemic inflammatory response, but not
socioeconomic deprivation, independently predicts shortened survival following resection
of CLM.
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1. Introduction

Hepatectomy offers the only hope of cure for patients with
colorectal liver metastases (CLM), resulting in 5-year survival
rates of 30-50%. Recurrence in the liver that is remnant
and/or extrahepatic sites is common, however, affecting up
to two-thirds of patients despite optimal metastasectomy.’
The ability to predict individual patient prognosis prior to
hepatectomy is desirable in order to guide surgical and che-
motherapeutic treatment according to individual recurrence
risk. This is particularly pertinent given the increasing rates
of hepatic resection for CLM. Clinicopathological factors have
been shown to predict recurrence risk following metastasec-
tomy,* but lack the sensitivity for accurate individual prog-
nostication. The role of molecular tumour biomarkers in
determining disease recurrence is also under investigation,
but requires further validation.”

In addition to intrinsic tumour factors, patient prognosis is
also influenced by the host inflammatory response to malig-
nancy, with data supporting a direct role for inflammatory
cells and mediators in the promotion of both primary tumour
growth and disease dissemination.®’ At the local level, the
immune response involves infiltration of the tumour environ-
ment by both lymphocytes and cells of myeloid lineages.”®
This local inflammatory cell infiltration has been shown to
have prognostic significance in numerous malignancies,
including primary colorectal cancer (CRC).”**°

A systemic inflammatory response (SIR), more easily
assessable pre-operatively, accompanies the local immune re-
sponse, driven by the production of pro-inflammatory cyto-
kines, including interleukin-1f, interleukin-6 and tumour
necrosis factor-a, by both tumour cells and recruited immune
cells.™ These cytokines stimulate the release of acute phase
proteins, most notably C-reactive protein (CRP).'* Elevated
CRP has been shown to predict shortened long-term survival
in a range of solid and haematological malignancies**** and
in CRC, independently predicted decreased survival following
both primary tumour and CLM resection.>**1¢

Cellular components of the SIR have also been shown to
have prognostic significance in malignancy, though published
data are scarce compared to that relating to CRP. Elevated
neutrophil, monocyte and/or total leucocyte counts have
been reported to predict adverse outcome in patients with a
variety of solid tumours,” " including primary CRC.?° In
resectable CLM, examination of cellular indices of the SIR
has been limited to the assessment of the neutrophil-lym-
phocyte ratio (NLR), an index derived as a marker of the sys-
temic inflammation associated with cardiovascular disease
and critical illness.?>** The NLR was recently reported to
independently predict poor outcome following hepatectomy
for CLM and to do so as well as CRP.? Available data suggest,
however, that the NLR is not the optimal prognostic cellular
index of the SIR in malignancy,?® due to the frequent lack of
association between circulating lymphocyte count and sur-
vival in this context.?*?*2* Indeed, in a recent study of resect-
able primary CRC, whilst neutrophil count predicted cancer-
specific survival, neither lymphocyte count nor the NLR
showed any association with the outcome.?® These results
indicate that examination of the prognostic role of individual

leucocyte subtypes is also required in the context of resect-
able CLM.

A further biomarker of systemic inflammation is the ‘neg-
ative’ acute phase protein serum albumin. Hypoalbumina-
emia correlates with poor outcome in patients with
advanced malignancy,®® an association presumed to be due
to nutritional depletion secondary to the tumour. Recently,
however, it has been postulated that hypoalbuminaemia
develops secondary to the SIR.>*?” Hypoalbuminaemia pre-
dicts poor outcome in several cancer types,?® and has been
combined with CRP to form inflammatory prognostic scores
in a number of malignancies.?>**?° The prognostic value of
serum albumin and its relationship to other systemic inflam-
matory biomarkers have yet to be examined in the context of
resectable CLM.

Factors influencing malignancy-associated inflammation
are poorly understood. Recent data have demonstrated that
socioeconomic deprivation is associated with shortened over-
all and cancer-specific survival in patients with primary
CRC.2*3! Neither clinicopathological factors nor treatment
modality explained this correlation, but a significant associa-
tion was noted between deprivation and the SIR,***! suggest-
ing that the tumour-host response may be altered in deprived
patients. The basis for this association is unclear, but it is pos-
tulated to relate to the increased rates of smoking and obesity
in deprived patients.*? The association of socioeconomic
deprivation with systemic inflammation and prognosis in
the context of CLM has yet to be explored.

The primary aim of the current study was, therefore, to
validate the prognostic value of systemic inflammatory bio-
markers in resectable CLM, including determination of the
cellular index with optimum prognostic value. In addition
we sought to explore possible correlations between socioeco-
nomic deprivation, systemic inflammation and patient out-
come in this context.

2. Patients and methods

All patients who underwent hepatectomy for CLM between
January 2000 and December 2005 at a single hepatobiliary
tertiary referral centre (Leicester General Hospital, UK) were
identified from a hepatobiliary database. During the study
period, clinical data had been recorded prospectively in
the database. These data were analysed retrospectively,
with any additional information gathered from medical re-
cords. Radiology reports, pathology results, inpatient re-
cords and clinic notes from all follow-up appointments, as
well as from any other clinical encounter, were also
scrutinised.

Variables constituting the Clinical Risk Score (CRS), de-
vised by the Memorial Sloan-Kettering Cancer Centre," were
recorded for each patient. The score is derived from five inde-
pendent prognostic variables, with each scoring one point:
positive nodal status of the primary tumour, disease-free
interval from the diagnosis of primary lesion to the discovery
of liver metastases of 12 months or less, number of hepatic
metastases greater than one, diameter of the largest hepatic
tumour greater than 5cm and pre-operative carcinoembry-
onic antigen (CEA) level greater than 200 ng/ml. As reported
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previously,>® the number and size of liver metastases were
calculated from pre-operative imaging in order to allow pre-
operative derivation of the CRS. Other clinicopathological
variables recorded, previously shown to have prognostic sig-
nificance,? included age, gender, primary tumour site and
the use of adjuvant or neoadjuvant chemotherapy. Haemato-
logical variables and serum albumin were obtained from
blood tests routinely performed within the 24-h period prior
to surgery. At the time of sampling, no patient had clinical
evidence of infection or other inflammatory conditions. The
Carstairs deprivation score,** a UK-based composite score
based on four variables (overcrowding, social class, male
unemployment and car ownership), was used to stratify cases
for the level of socioeconomic deprivation, using 2001 Census
data for the UK (Office of National Statistics). A Carstairs score
was allocated to each of the individuals based on their enu-
meration district of residence, which was found by linking
with their postcode. Scores can be either positive (more de-
prived) or negative (less deprived).

Staging protocol prior to hepatectomy included contrast-
enhanced multi-slice spiral computerised tomography of the
chest, abdomen and pelvis using an iodinated contrast agent,
gadolinium-enhanced magnetic resonance imaging of the
liver, and staging laparoscopy and intra-operative ultrasound.
Standard follow-up surveillance protocol included a post
operative clinical review at 6 weeks post surgery, followed
by clinical evaluation, routine serum investigations including
liver function tests, serum CEA level, and abdominal ultra-
sound scan performed by a Specialist Consultant Radiologist,
all were performed every 3 months for the first year, every 6
months for the second year, and then annually to 5 years post
hepatectomy. Abnormal results during routine post operative
surveillance triggered further investigation. Development of
symptoms prompted review earlier than scheduled. The
cause of death was determined from case notes, computer-
ised records and death certificates.

The primary outcome measure was overall survival (as of
June 2007). Disease-free survival was considered as the sec-
ondary end-point. Patients who died in the hospital following
hepatectomy were excluded from the analysis. For staged
procedures, variables were recorded prior to the first stage
procedure and patients who were inoperable at the attempted
second stage were excluded from the analysis. In the case of
patients who underwent a repeat liver resection following the
diagnosis of operable recurrence, only the initial resection
was included in the analysis.

3. Statistics

As reported previously,?>?® grouping of the variables CRS, leu-
cocyte count, neutrophil count, lymphocyte count, monocyte
count, haemoglobin, platelet count, albumin and the NLR was
carried out using standard thresholds.>'>'7:20:23:28.35 por gim-
plicity, high numbers of cells indicate cell numbers higher
than the cut-off levels and low numbers of cells indicate cell
numbers lower than the cut-off levels. Carstairs deprivation
scores were analysed following allocation into established
UK-based score quintiles.>* Continuous variables without pre-
defined cut-offs (eosinophil and basophil counts) were ana-
lysed following division into tertiles.

The Chi-squared and Fisher’s exact tests were used to ana-
lyse for significant associations and differences between sub-
groups within the cohort. Where variables did not follow a
normal distribution, the Mann-Whitney U test was applied.
Univariate prognostic significance of variables was deter-
mined by means of univariate Cox regression analysis, Kap-
lan-Meier analysis and application of the log-rank test.
Multivariable analysis was performed, using all variables with
P <0.10 on univariate analysis, through their entry into Cox
proportional hazard regression analysis using a stepwise
backward procedure. Statistical significance was defined as
P < 0.05. Statistical analyses were performed using Statistical
Package for the Social Sciences 14.0® (SPSS, Chicago, IL, USA).

4, Results

A total of 181 patients underwent hepatectomy for CLM over
the study period. All resections were performed with curative
intent. In-hospital mortality rate following hepatectomy was
2.2% (n=4). Three patients were deemed inoperable at the
second stage of an attempted two-stage procedure. One hun-
dred and seventy-four patients were, therefore, eligible for
inclusion in the study. Of these patients, 108 (62.1%) had a
‘major’ resection (resection of more than three Couinaud seg-
ments). Neither ablative techniques nor hepatic lymphade-
nectomy was performed in any case. No patient with
synchronous liver metastases had simultaneous resection of
primary and metastatic tumours. There were 106 (60.9%)
men and 68 (39.1%) women. The mean age at the time of
the surgery was 61 years (mean age 60.7 years; range 32-79
years). The median number of tumours on pre-operative
imaging was 2 (range 2-12). Tumour size ranged from 5 to
140 mm, with a median size of 40 mm. A poor pre-operative
CRS (score 3-5) was recorded in 46.6% of patients (n = 81). Sev-
enty-three patients (42.0%) had systemic chemotherapy in the
6 months prior to their liver resection and 67 patients (38.5%)
received systemic chemotherapy following metastasectomy.

There was no significant difference in demographic or
clinicopathological factors between patients stratified accord-
ing to any individual haematological parameter or the depri-
vation score, though high neutrophil count was associated
with a trend towards increasing metastasis size (P =0.078)
and low albumin was associated with a trend towards
increasing number of metastases (P = 0.093). Neither depriva-
tion score nor pre-operative chemotherapy correlated with
any haematological parameter. Serum albumin showed no
significant correlation with any other haematological
parameter.

4.1. Outcome

The overall median follow-up period was 36 months (range 6-
69 months). No patient was lost to follow-up. The 3-year and
5-year overall survival rates for patients undergoing hepatec-
tomy were 48.5% and 36.6%, respectively (median 34 months,
95% confidence interval (CI), 27.3-40.7 months). Similarly, the
3-year and 5-year disease-free survival rates were 31.4% and
25.3%, respectively (median 15 months, 95% CI, 11.5-18.5
months).
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The results of univariate and multivariable analyses for
overall and disease-free survival are shown in Tables 1 and
2, respectively. On univariate analysis, the following variables
were associated with poor overall survival following metasta-
sectomy: number of metastases > 1, poor CRS (Fig. 1), high
leucocyte count, high neutrophil count (Fig. 2), high monocyte
count, high NLR, high platelet count and low serum albumin
(Fig. 3). These same variables, save monocyte count and plate-
let count, were also associated with shortened disease-free
survival following metastasectomy. Neutrophil count was
the most significant predictor of both overall and disease-free
survival on univariate analysis. Five-year overall survival for
patients with a normal neutrophil count was 47.6% compared
to 0% in patients with a high neutrophil count (P <0.001,
Fig. 2). Other haematological variables, including lymphocyte
count, showed no significant correlation with either outcome.
No association between Carstairs deprivation score and out-
come was demonstrated.

On multivariable analysis (Table 2), poor CRS, high neutro-
phil count and low serum albumin were all independently
associated with the decreased overall survival following
metastasectomy, with neutrophil count associated with a
greater relative risk of death than the other two factors. These
three variables were also the only factors independently asso-
ciated with disease recurrence following metastasectomy,
with all factors presenting a similar relative risk of
recurrence.

4.2.  Prognostic score

As reported previously,'”:**?33¢ 3 simple prognostic score for
overall survival was derived from variables maintaining sig-
nificance on multivariable analysis. Based on the ratios for
regression coefficients (log hazard ratios in the final Cox mod-
el) of variables (Table 3), weights of prognostic factors were
defined as follows: poor CRS and low albumin were assigned
weight 1 (minor variables) and high neutrophil count was as-
signed weight 2 (major variable). A prognostic score of the
sum of the weights of these three variables was used to assign
patients to low risk (no variable, score = 0), intermediate-risk
(one/two minor or one major variable, score = 1-2) and high-
risk (one major plus one/two minor variables, score =3-4)
groups for overall survival (Fig. 4). The mean overall survival
of low risk (n=70), intermediate-risk (n=284) and high-risk
(n = 20) patients was 48.3 months (95% CI, 41.6-54.9 months),
38.1 months (95% CI, 32.4-43.8 months) and 20.4 months
(95% CI, 13.9-26.6 months) respectively (Fig. 4, P < 0.001). The
3-year overall survival rates for these groups were 65.7%,
43.8% and 12.0%, respectively. Five-year overall survival rates
were 54.9%, 40.9% and 0%, respectively.

5. Discussion

Increasing evidence has demonstrated an independent corre-
lation between pre-operative systemic inflammation and

Table 1 - Clinicopathological characteristics of patients who underwent metastasectomy: Univariate Cox regression

analysis

Variable Patients Overall Disease-free
(n=174) survival survival
Hazard ratio P-value Hazard ratio P-value
(95% CI) (95% CI)
(A) Clinicopathological variables
Age: <65/>65 years 112/62 1.15 (0.74-1.80) 0.53 1.06 (0.72-1.54) 0.78
Gender: male/female 106/68 0.70 (0.44-1.13) 0.15 0.71 (0.48-1.05)  0.09
Site of primary tumour: rectum/colon 94/80 1.08 (0.69-1.67) 0.74 0.96 (0.66-1.38)  0.82
Stage of primary tumour: node positive/node negative 54/120 1.45 (0.88-2.42) 0.15 1.36 (0.90-1.04) 0.15
Number of liver metastases: 1-3/>3 130/44 1.30 (0.80-2.12) 0.29 1.13 (0.74-1.72)  0.59
1/>1 68/106 1.86 (1.15-3.03) 0012  1.71(1.16-2.53)  0.007
Diameter of liver metastases: <50/>50 mm 118/56 1.43 (0.91-2.25) 0.12 1.20 (0.82-1.77)  0.35
Temporal presentation of metastases: DFI <12/>12 months 115/59 0.94 (0.59-1.49) 0.78 1.09 (0.74-1.60)  0.68
Pre-operative CEA: <200/>200 ng/ml 163/11 1.69 (0.78-3.69) 0.19 1.82 (0.92-3.61)  0.086
Clinical risk score: 0-2/3-5 93/81 1.76 (1.13-2.75) 0.012 1.72 (1.19-2.49)  0.004
Chemotherapy within 6 months prior to liver resection: yes/no  73/101 0.93 (0.60-1.45) 0.75 0.93 (0.64-1.35)  0.69
Adjuvant chemotherapy: yes/no 67/107 1.11 (0.71-1.74) 0.63 1.41 (0.97-2.05)  0.070
Carstairs deprivation index: UK quintiles 56/46/33/21/18 1.0 (0.85-1.18) 1.0 1.04 (0.91-1.19)  0.53
(B) Haematological variables
Leucocyte count: <8.5/8.5-11.0/>11.0 x 10%/1 144/23/7 1.81 (1.27-2.56) 0.001 1.56 (1.11-2.19)  0.01
Neutrophil count: <6.0/>6.0 x 10%/1 146/28 2.59 (1.57-4.28) < 0.001 2.03 (1.28-3.22)  0.003
Lymphocyte count: <1.5/>1.5 x 10%/1 77/97 0.89 (0.57-1.38) 0.60 1.08 (0.74-1.56)  0.69
Neutrophil-lymphocyte ratio: <5/>5 153/21 2.35 (1.37-4.01) 0.002 1.95 (1.19-3.19)  0.008
Monocyte count: <0.7/>0.7 x 10%/1 128/46 1.75 (1.10-2.78) 0.017 1.42 (0.95-2.12)  0.084
Eosinophil count: <0.1/0.1-0.2/>0.2 x 10%/1 (tertiles) 75/46/53 1.09 (0.84-1.41) 0.51 1.05 (0.85-1.31)  0.63
Basophil count: <0.01/0.01-0.04/>0.04 x 10%1 (tertiles) 70/49/55 1.07 (0.83-1.37) 0.60 0.98 (0.79-1.22)  0.88
Haemoglobin: <12.0/>12.0 g/dl 31/143 0.95 (0.54-1.70) 0.87 0.91 (0.57-1.46)  0.69
Platelet count: <400/>400 x 10%/1 168/6 3.55 (1.42-8.83) 0.007 2.25 (0.91-5.53)  0.078
Serum albumin: <40/>40 g/dl 36/138 1.98 (1.21-3.25) 0.007 1.83 (1.19-2.81)  0.006

CIL: confidence interval; DFI: disease-free interval; and CEA: carcinoembryonic antigen. Results where P > 0.1 are rounded to 2 dp.
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Fig. 1 - The relationship between Memorial Sloan-Kettering
Cancer Centre Clinical Risk Score (CRS) and overall survival
following resection of colorectal liver metastases.

poor outcome in patients undergoing resection of varied
malignancies, including primary CRC.**~**17~
tion is available regarding the prognostic role of the SIR in pa-
tients undergoing resection of CLM. Elevated CRP was
recently demonstrated to independently predict outcome fol-
lowing metastasectomy.>'® Evidence for cellular markers of
the SIR in this context has been limited to the demonstration
of the prognostic significance of the NLR,>*’ a cellular index
devised and validated as a marker of inflammation in patients
with cardiovascular disease and critical illness.?**?

The current study demonstrates that both cellular and
acute phase reactant biomarkers of the SIR, routinely available
pre-operatively, predict outcome following metastasectomy
and do so independently of established clinicopathological
factors. These results suggest that the magnitude of the SIR
is not simply a marker of increased tumour burden, but re-
flects an inherently more aggressive tumour phenotype.
Whilst confirming the prognostic value of the NLR in this con-
text, analysis of individual leucocyte subsets demonstrated
that the prognostic value of this index is derived entirely from
the neutrophil count, with the circulating lymphocyte count
showing no correlation with patient outcome. Consequently,
the NLR was subordinate to the neutrophil count in multivar-
iable analyses for both overall and disease-free survival, with
neutrophil count being the single most significant indepen-
dent predictor of outcome following metastasectomy.

The prognostic value of the circulating neutrophil count
has been reported previously in numerous malignan-
cies,'®'92%36 including primary CRC.?%3® Whilst it is possible
that the increasing neutrophil count is simply an epiphenom-
enon of the inflammatory response in the vicinity of the tu-
mour, the emerging theory of ‘immune enhancement’
suggests that cells of the myeloid lineage, particularly neutro-
phils, are recruited from the circulation and play a direct role
in promoting aggressive tumour phenotypes.”® Neutrophils
are the major producers of a number of ligands that may

20 1ittle informa-



EUROPEAN JOURNAL OF CANCER 45 (2009) 56-64

61

— Neuts6x10%L  ‘"TTTTTTTTToooooo
--- Neut > 6 x10%/L

Log-rank test P < 0.001

24 36 48 60

Time after hepatectomy (months)

1.0
0.8+
© )
= -
g
¢ 0.6
(O]
=
kS|
> 0.4
1S
j }
O
0.2
0.0 T
0 12
No. at risk
Neut < 6 x10%/L 146 129
Neut > 6 x10%/L 28 21

73 37 11 2
7 2 1 0

Fig. 2 - The relationship between pre-operative neutrophil count and overall survival following resection of colorectal liver

metastases.

1.0 4
084 Log-rank test P = 0.005
®©
=
<
a 0.6
(9]
=
T
044 e
>
o
0.2 4 —— Albumin >40 g/dl i
---- Albumin <40 g/dI [
00 T T T T 1
0 12 24 36 48 60
Time after hepatectomy (months)
No. at risk
Albumin >40 g/dl 138 122 69 35 10 2
Albumin <40 g/dl 36 28 11 4 2 0

Fig. 3 - The relationship between pre-operative serum albumin and overall survival following resection of colorectal liver

metastases.

induce tumour cell proliferation and invasion, including
transforming growth factor-p.*® Furthermore, granulocytes,
particularly neutrophils, contain over two-thirds of circulat-
ing vascular endothelial growth factor, liberation of which
may promote tumour vascularisation.?® Neutrophils may fur-
ther promote invasion and metastasis through the production
and release of matrix metalloproteinases® and through the
promotion of cancer cell intra- and extravasation.*"*? Though
subordinate to neutrophil count in multivariable analyses, an
association between monocyte count and adverse outcome
was also demonstrated in this study. A similar association
was noted previously in hepatocellular carcinoma®* and renal

cell carcinoma.?® This phagocyte class exerts a number of bio-
logical actions in common with neutrophils that may explain
this prognostic value.”

In this study no association was found between the
peripheral lymphocyte count and outcome following CLM
resection, even when further analyses were conducted to
evaluate multiple cut-off points (data not shown). In CRC,
the concept of lymphocytic ‘immune surveillance’ has under-
gone a recent resurgence, with higher tumour lymphocytic
infiltration shown to correlate with lower tumour stage and
to be a better predictor of patient survival than current histo-
pathological staging systems.® Similarly, tumour lymphocytic
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infiltration was shown to independently predict patient out-
come in patients with CLM.** The prognostic value of lympho-
cytes does not appear to be reflected at the systemic level,
however, as whilst the number of tumour-infiltrating CD8+
T-lymphocytes was found to correlate with patient outcome
in primary CRC, the number of these cells in the systemic cir-
culation showed no correlation with prognosis.** Similarly, a
recent study found no correlation between total circulating
lymphocyte count and outcome in patients with either oper-
able primary CRC or unresectable CLM.?° The findings of the
current study are in line with these data.

The results of the current report agree with those of the
only other study which compares the prognostic value of
the NLR in malignancy with that of individual leucocyte sub-
sets. In primary CRC, Leitch et al. recently reported circulating
neutrophil count to be associated with adverse outcome fol-
lowing primary CRC resection, but found that neither lym-
phocyte count nor NLR correlated with survival.> Together,
these data have implications for the design and application
of therapeutic agents targeting the SIR in both primary and
metastatic CRC. Whilst authors have previously discussed
the possibility of targeting the adaptive immune response,*’
these results suggest that, at the systemic level, the innate
immune system may be a more viable target.

Systemic inflammation is also known to be associated
with a decrease in serum albumin concentration,?®?” attrib-
uted to the raised levels of circulating pro-inflammatory cyto-
kines, particularly IL-6.*> Albumin was previously found to
predict poor outcome both following resection of primary
CRC* and in patients with metastatic disease.*’*® The cur-
rent study is the first to confirm that serum albumin is also
an independent risk factor for poor outcome following CLM
resection, though this prognostic value was inferior to that
of the neutrophil count. Serum albumin was previously dem-
onstrated to predict poor long-term outcome following cancer

resection independently of CRP and has subsequently been
combined with CRP to produce prognostic inflammatory
scores validated in varied malignancies.’®?®?° The current
study confirmed that serum albumin and cellular markers
of the SIR may also exhibit independent prognostic signifi-
cance in malignancy, and along with the CRS, the other inde-
pendent predictor of outcome, could be combined to produce
a novel score with high prognostic value. Of note, these data
are all routinely available pre-operatively.

CRP, the other major biomarker of the SIR, is not routinely
measured prior to hepatectomy and was not, therefore, avail-
able for inclusion in the current study. A recent study, how-
ever, reported equally poor prognosis in two separate
patient groups with either elevated CRP or an elevated NLR
prior to CLM resection.? Of note, it has previously been shown
that CRP and neutrophil count may also exhibit simultaneous
independent prognostic significance in malignancy.'” Further
studies are required, therefore, to determine whether CRP,
cellular indices and serum albumin exert independent prog-
nostic significance in patients undergoing metastasectomy,
thereby potentially enabling even greater refinement of prog-
nosis in this patient group.

Socioeconomic deprivation was previously found to be
associated with the SIR in primary CRC and to itself indepen-
dently predict shortened long-term survival following tumour
resection.®***? In the current study deprivation showed no
association with either. Of note, the association between
deprivation and survival in patients with primary CRC was
previously found to be confined to patients undergoing cura-
tive resection, with no difference in survival in patients
undergoing palliative surgery.>® Similarly, deprivation was re-
cently found to have no correlation with outcome in patients
with synchronous unresectable liver metastases.?® Together
with the current series, these data suggest that deprivation
is not associated with outcome in patients with disseminated
colorectal malignancy.

In summary, the results of this study confirm that systemic
inflammatory biomarkers, routinely available pre-operatively,
independently predict long-term survival following resection
of CLM. As demonstrated here and elsewhere,?’ 294748
ing of inflammatory indices with the existing prognostic scor-
ing systems may enable further refinement of patient
prognosis, so guiding the allocation of the existing therapeutic
modalities. Inflammatory biomarkers may also represent no-
vel therapeutic targets. A myriad of agents targeting varied
facets of the innate immune system, including chemokine,
interleukin-6 and tumour necrosis factor antagonists, are al-
ready in clinical trial.® Furthermore, it is now established that
CRP plays a direct role in malignant progression®® and is itself
avalid therapeutic target,*® with several small molecule inhib-
itors in development. Future studies must define the interplay
between the varied facets of the inflammatory response,
including the role of particular leucocyte subtypes and cellular
products, to enable the rational design and allocation of anti-
inflammatory strategies in this context.

merg-

Conflict of interest statement

None declared.



EUROPEAN JOURNAL OF CANCER 45 (2009) 56-64

63

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH. Clinical

score for predicting recurrence after hepatic resection for
metastatic colorectal cancer: analysis of 1001 consecutive
cases. Ann Surg 1999;230:309-18.

. Malik HZ, Prasad KR, Halazun KJ, et al. Preoperative

prognostic score for predicting survival after hepatic resection
for colorectal liver metastases. Ann Surg 2007;246:806-14.

. Simmonds PC, Primrose JN, Colquitt JL, Garden OJ, Poston GJ,

Rees M. Surgical resection of hepatic metastases from
colorectal cancer: a systematic review of published studies.
Brit ] Cancer 2006;94:982-99.

. Nordlinger B, Guiguet M, Vaillant JC, et al. Surgical resection of

colorectal carcinoma metastases to the liver. A prognostic
scoring system to improve case selection, based on 1568
patients. Association Francaise de Chirurgie. Cancer
1996;77:1254-62.

. Neal CP, Garcea G, Doucas H, et al. Molecular prognostic

markers in resectable colorectal liver metastases: a
systematic review. Eur ] Cancer 2006;42:1728-43.

. Balkwill F, Mantovani A. Inflammation and cancer: back to

Virchow? Lancet 2001;357:539-45.

. Lin EY, Pollard JW. Role of infiltrated leucocytes in tumour

growth and spread. Brit ] Cancer 2004;90:2053-8.

. Coussens LM, Werb Z. Inflammation and cancer. Nature

2002;420:860-7.

. Galon J, Costes A, Sanchez-Cabo F, et al. Type, density, and

location of immune cells within human colorectal tumors
predict clinical outcome. Science 2006;313:1960-4.

Koch M, Beckhove P, Op den Winkel ], et al. Tumor infiltrating
T lymphocytes in colorectal cancer: tumor-selective
activation and cytotoxic activity in situ. Ann Surg
2006;244:986-92.

O’Riordain MG, Falconer JS, Maingay J, Fearon KC, Ross JA.
Peripheral blood cells from weight-losing cancer patients
control the hepatic acute phase response by a primarily
interleukin-6 dependent mechanism. Int ] Oncol
1999;15:823-7.

Crumley AB, McMillan DC, McKernan M, Going JJ, Shearer CJ,
Stuart RC. An elevated C-reactive protein concentration, prior
to surgery, predicts poor cancer-specific survival in patients
undergoing resection for gastro-oesophageal cancer. Brit |
Cancer 2006;94:1568-71.

Lamb GW, McMillan DC, Ramsey S, Aitchison M. The
relationship between the preoperative systemic
inflammatory response and cancer-specific survival in
patients undergoing potentially curative resection for renal
clear cell cancer. Brit ] Cancer 2006;94:781-4.
Zahlten-Hinguranage A, Goldschmidt H, Cremer FW, et al.
Preoperative elevation of serum C-reactive protein is
predictive for prognosis in myeloma bone disease after
surgery. Brit ] Cancer 2006;95:782-7.

McMillan DC, Canna K, McArdle CS. Systemic inflammatory
response predicts survival following curative resection of
colorectal cancer. Brit J Surg 2003;90:215-9.

Wong VK, Malik HZ, Hamady ZZ, et al. C-reactive protein as a
predictor of prognosis following curative resection for
colorectal liver metastases. Brit J Cancer 2007;96:222-5.
Atzpodien J, Royston P, Wandert T, Reitz M. Metastatic renal
carcinoma comprehensive prognostic system. Brit ] Cancer
2003;88:348-53.

Paesmans M, Sculier JP, Lecomte ], et al. Prognostic factors for
patients with small cell lung carcinoma: analysis of a series
of 763 patients included in 4 consecutive prospective

trials with a minimum follow-up of 5 years. Cancer
2000;89:523-33.

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. Schmidt H, Suciu S, Punt CJ, et al. Pretreatment levels of
peripheral neutrophils and leukocytes as independent
predictors of overall survival in patients with American Joint
Committee on Cancer Stage IV Melanoma: results of the
EORTC 18951 biochemotherapy trial. J Clin Oncol
2007;25:1562-9.

Leitch EF, Chakrabarti M, Crozier JE, et al. Comparison of the
prognostic value of selected markers of the systemic
inflammatory response in patients with colorectal cancer. Brit
J Cancer 2007;97:1266-70.

Horne BD, Anderson JL, John JM, et al. Which white blood cell
subtypes predict increased cardiovascular risk? ] Am Coll
Cardiol 2005;45:1638-43.

Zahorec R. Ratio of neutrophil to lymphocyte counts-rapid
and simple parameter of systemic inflammation and stress in
critically ill. Bratisl Lek Listy 2001;102:5-14.

Donskov F, von der Maase H. Impact of immune parameters
on long-term survival in metastatic renal cell carcinoma. J
Clin Oncol 2006;24:1997-2005.

Sasaki A, Iwashita Y, Shibata K, Matsumoto T, Ohta M, Kitano
S. Prognostic value of preoperative peripheral blood monocyte
count in patients with hepatocellular carcinoma. Surgery
2006;139:755-64.

Franch-Arcas G. The meaning of hypoalbuminaemia in
clinical practice. Clin Nutr 2001;20:265-9.

McMillan DC, Watson WS, O’'Gorman P, Preston T, Scott HR,
McArdle CS. Albumin concentrations are primarily
determined by the body cell mass and the systemic
inflammatory response in cancer patients with weight loss.
Nutr Cancer 2001;39:210-3.

Al-Shaiba R, McMillan DC, Angerson WJ, Leen E, McArdle CS,
Horgan P. The relationship between hypoalbuminaemia,
tumour volume and the systemic inflammatory response in
patients with colorectal liver metastases. Brit ] Cancer
2004;91:205-7.

Forrest LM, McMillan DC, McArdle CS, Angerson WJ, Dagg K,
Scott HR. A prospective longitudinal study of performance
status, an inflammation-based score (GPS) and survival in
patients with inoperable non-small-cell lung cancer. Brit ]
Cancer 2005;92:1834-6.

Glen P, Jamieson NB, McMillan DC, Carter R, Imrie CW, McKay
CJ. Evaluation of an inflammation-based prognostic score in
patients with inoperable pancreatic cancer. Pancreatology
2006;6:450-3.

Hole DJ, McArdle CS. Impact of socioeconomic deprivation on
outcome after surgery for colorectal cancer. Brit J Surg
2002;89:586-90.

McMillan DC, Canna K, McArdle CS. The effect of deprivation
and the systemic inflammatory response on outcome
following curative resection for colorectal cancer. Brit ] Cancer
2003;89:612-4.

Tracy RP, Psaty BM, Macy E, et al. Lifetime smoking exposure
affects the association of C-reactive protein with
cardiovascular disease risk factors and subclinical disease in
healthy elderly subjects. Arterioscler Thromb Vasc Biol
1997,17:2167-76.

Mann CD, Neal CP, Metcalfe MS, Pattenden CJ, Dennison AR,
Berry DP. Clinical Risk Score predicts yield of staging
laparoscopy in patients with colorectal liver metastases. Brit J
Surg 2007;94:855-9.

Morgan O, Baker A. Measuring deprivation in England and
Wales using 2001 Carstairs scores. Health Stat Q 2006;31:28-33.
Kohne CH, Cunningham D, Di CF, et al. Clinical determinants
of survival in patients with 5-fluorouracil-based treatment for
metastatic colorectal cancer: results of a multivariate analysis
of 3825 patients. Ann Oncol 2002;13:308-17.

Schmidt H, Bastholt L, Geertsen P, et al. Elevated neutrophil
and monocyte counts in peripheral blood are associated with



64

EUROPEAN JOURNAL OF CANCER 45 (2009) 56-64

37.

38.

39.

40.

41.

42.

43.

poor survival in patients with metastatic melanoma: a
prognostic model. Brit ] Cancer 2005;93:273-8.

Halazun K], Aldoori A, Malik HZ, et al. Elevated preoperative
neutrophil to lymphocyte ratio predicts survival following
hepatic resection for colorectal liver metastases. Eur ] Surg
Oncol 2008;34:55-60.

Aoyagi Y, Oda T, Kinoshita T, et al. Overexpression of TGF-
beta by infiltrated granulocytes correlates with the expression
of collagen mRNA in pancreatic cancer. Brit ] Cancer
2004;91:1316-26.

Nozawa H, Chiu C, Hanahan D. Infiltrating neutrophils
mediate the initial angiogenic switch in a mouse model of
multistage carcinogenesis. Proc Natl Acad Sci USA
2006;103:12493-8.

Ardi VC, Kupriyanova TA, Deryugina EI, Quigley JP. Human
neutrophils uniquely release TIMP-free MMP-9 to provide a
potent catalytic stimulator of angiogenesis. Proc Natl Acad Sci
USA 2007;104:20262—7.

Dong C, Slattery MJ, Liang S, Peng HH. Melanoma cell
extravasation under flow conditions is modulated by
leukocytes and endogenously produced interleukin 8. Mol Cell
Biomech 2005;2:145-59.

Ten Kate M, Aalbers AG, Sluiter W, et al. Polymorphonuclear
leukocytes increase the adhesion of circulating tumor cells to
microvascular endothelium. Anticancer Res 2007;27:17-22.
Okano K, Maeba T, Moroguchi A, et al. Lymphocytic
infiltration surrounding liver metastases from colorectal
cancer. ] Surg Oncol 2003;82:28-33.

45.

46.

47.

48.

49.

. Chiba T, Ohtani H, Mizoi T, et al. Intraepithelial CD8+ T-cell-

count becomes a prognostic factor after a longer follow-up
period in human colorectal carcinoma: possible association
with suppression of micrometastasis. Brit ] Cancer
2004;91:1711-7.

Argiles JM, Busquets S, Lopez-Soriano FJ. Cytokines as
mediators and targets for cancer cachexia. Cancer Treat Res
2006;130:199-217.

Ishizuka M, Nagata H, Takagi K, Horie T, Kubota K.
Inflammation-based prognostic score is a novel predictor of
postoperative outcome in patients with colorectal cancer. Ann
Surg 2007;246:1047-51.

Dixon MR, Haukoos JS, Udani SM, et al. Carcinoembryonic
antigen and albumin predict survival in patients with
advanced colon and rectal cancer. Arch Surg 2003;138:
962-6.

Schindl M, Wigmore §J, Currie EJ, Laengle F, Garden O].
Prognostic scoring in colorectal cancer liver metastases:
development and validation. Arch Surg 2005;140:183-9.
Yang J, Wezeman M, Zhang X, et al. Human C-reactive
protein binds activating Fcgamma receptors and protects
myeloma tumor cells from apoptosis. Cancer Cell
2007;12:252-65.

. Pepys MB, Hirschfield GM, Tennent GA, et al. Targeting C-

reactive protein for the treatment of cardiovascular disease.
Nature 2006;440:1217-21.



	Evaluation of the prognostic value of systemic inflammation and socioeconomic deprivation in patients with resectable colorectal liver metastases
	Introduction
	Patients and methods
	Statistics
	Results
	Outcome
	Prognostic score

	Discussion
	Conflict of interest statement
	References


