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ABSTRACT

Background. Whether neutrophil-to-lymphocyte ratio
(NLR) predicts survival of patients with colorectal liver
metastases (CLM) treated with systemic chemotherapy
remains unclear.

Methods. Clinicopathologic data were reviewed for
patients with CLM treated with chemotherapy and resec-
tion (n = 200) or chemotherapy only (n = 90). Univariate
and multivariate analyses for prognostic factors were per-
formed. In the resection group, whether chemotherapy
normalizes high NLR and the effect of NLR normalization
on survival were evaluated.

Results. In the resection group, patients with preoperative
NLR > 5 had a worse 5-year survival rate than patients
with NLR <5 (19% vs. 43%; P = 0.009), and NLR > 5
was the only independent preoperative predictor of worse
survival (P = 0.016; hazard ratio [HR] = 2.22; 95% con-
fidence interval [95% CI], 1.16—4.25). In the nonresection
group, patients with prechemotherapy NLR > 35 had a
worse 3-year survival rate than patients with NLR < 5 (0%
vs. 23%; P = 0.0002), and NLR > 5 was the only inde-
pendent predictor of worse survival (P = 0.001;
HR = 2.91; 95% CI, 1.54-5.50). In the resection group,
chemotherapy normalized high NLR in 17 of 25 patients,
and these 17 patients had better survival than the 8 patients
with high NLR both before chemotherapy and before sur-
gery (P = 0.021).
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Conclusion. NLR independently predicts survival in
patients with CLM treated with chemotherapy followed by
resection or chemotherapy only. When chemotherapy
normalizes high NLR, improved survival is expected.

Several prognostic factors have been identified for
patients with colorectal liver metastases (CLM) undergoing
hepatic resection."™ These include patient age, primary
tumor stage, disease-free interval (DFI), carcinoembryonic
antigen (CEA) level, tumor size, tumor number, whether
the CLM are bilateral, and surgical margin status. How-
ever, clinical risk scores based on these prognostic factors
were not validated in recent studies of patients undergoing
hepatic resection.' >

Unfortunately, few patients with CLM are eligible for
hepatic resection, and prognostic factors for patients treated
solely with chemotherapy are not well defined.® Further,
with the increasing use of preoperative chemotherapy in
both resectable and unresectable CLM, the population of
patients who can benefit from hepatic resection has also
changed. Adam et al. showed that 12.5% of patients with
initially unresectable CLM had their disease converted to
resectable by chemotherapy and that the S5-year survival
rate after hepatic resection in these patients was 33%.'°
These results suggest that we cannot predict the outcome of
patients with CLM before chemotherapy. The prognostic
factors proposed to date may have limited usefulness in
patients who receive preoperative chemotherapy.

Recently, high serum C-reactive protein level (CRP), high
neutrophil-to-lymphocyte ratio (NLR), and weak histologic
lymphocyte infiltration around the tumor have been reported
to be associated with poor prognosis in patients with
CLM.""'=13 A recent study by Malik et al. showed that only
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the host inflammatory response, defined as NLR > 5 or
CRP > 10 mg/l, and tumor number independently predicted
disease-free and overall survival after resection of CLM.’
The inflammatory response suggested by CRP or NLR is
useful because it can be easily measured by preoperative
blood sampling. Although preoperative NLR has been
shown to be associated with outcomes after the resection of
primary tumor or liver metastases, its usefulness has not been
well demonstrated in patients with CLM treated with che-
motherapy. Malik et al. found that preoperative
chemotherapy for CLM did not normalize high NLR; how-
ever, the number of patients in that study who received
preoperative chemotherapy was small, and the authors did
not show detailed results regarding the degree to which high
NLR was normalized by chemotherapy.”'® Therefore, it
remains to be confirmed whether prechemotherapy NLR is a
useful prognostic factor in patients with CLM.

The goal of this study was to evaluate whether NLR
before chemotherapy or hepatic resection predicts the
survival of patients with isolated CLM treated with sys-
temic chemotherapy followed by resection or systemic
chemotherapy alone. In addition, we evaluated whether
chemotherapy normalizes high NLR and the effect of NLR
normalization on survival.

METHODS

This study was approved by our institutional review
board (IRB DR08-0143), which waived the requirement
for informed consent. We selected two groups of patients
with liver-only metastases from colorectal cancer—those
who underwent preoperative chemotherapy followed by
hepatic resection and those who underwent chemotherapy
only.

For the resection group, we identified 340 patients at our
institution who underwent curative resection of CLM after
preoperative chemotherapy between September 1997 and
June 2007 from our prospectively collected database on
hepatic resection. Chemotherapy regimens consisted of a
fluoropyrimidine plus irinotecan or oxaliplatin, and no
patient received other chemotherapy within 6 months
before the preoperative chemotherapy. Because we wished
to focus on the effect of NLR in patients with liver-only
metastases, 35 patients were excluded because hepatic
resection preceded resection of primary tumors (n = 23) or
because patients had synchronous resection of primary
tumors at the time of hepatectomy (n = 12). Three patients
who were lost to follow-up were also excluded. Of the
remaining 302 patients, the 200 patients who had NLR
measurements available both before preoperative chemo-
therapy and between preoperative chemotherapy and
hepatic resection were included.

For the nonresection group, we identified 93 patients
who were treated with chemotherapy after resection of
primary tumors but who did not undergo hepatic resection
for unresectable liver-only CLM between September 1997
and June 2007. As in the resection group, chemotherapy
regimens consisted of a fluoropyrimidine plus irinotecan or
oxaliplatin. Of these 93 patients, three patients who were
lost to follow-up were excluded. The remaining 90 patients
who were treated with chemotherapy for liver-only CLM
were included in the study.

In all 290 patients, the following factors were reviewed:
status of lymph node metastasis of primary lesion, DFI,
CEA level, tumor (CLM) number and size (diameter of the
largest nodule), and NLR. DFI was defined as the period
from the date of resection of the primary tumor to the date
of diagnosis of CLM. NLR was calculated as neutrophil
count divided by lymphocyte count, and no patient had
clinical signs of sepsis at the time of blood sampling for
NLR. NLR > 5 was defined as high, in accordance with the
practice in previous studies.”'*"'*

For patients in the resection group, tumor number and
size, CEA level, and NLR were evaluated both before
chemotherapy and before surgery. Tumor number and size
were determined before chemotherapy and before surgery
on the basis of radiologic findings and after surgery on the
basis of pathologic findings. Type of hepatic resection and
surgical margin status were also reviewed. Hemihepatec-
tomy and extended hemihepatectomy were considered to
be major hepatectomy; all other procedures were consid-
ered to be minor hepatectomy. Positive surgical margin
was defined as the presence of exposed tumor along the
line of transection, presence of tumor cells at the line of
transection detected by histologic examination, or micro-
scopic margins of <1 mm."?

Univariate and multivariate analyses were performed to
identify prognostic predictors available before chemother-
apy or hepatic resection. In addition, the number of patients
in the resection group who experienced normalization of
NLR as a result of chemotherapy and how such normali-
zation affected outcome were analyzed.

Continuous data were expressed as median and range and
compared by the Mann-Whitney U-test. The primary end-
point was overall survival. For analyses of the entire patient
cohort and the nonresection group, survival was calculated
from the date of initiation of chemotherapy. For analysis of
patients in the resection group, survival was calculated from
the date of surgery. Survival curves were made by the
Kaplan-Meier method and compared by the log-rank test.
Univariate and multivariate analyses to identify prognostic
predictors were performed by Cox proportional hazard
regression models. Variables with P < 0.10 on univariate
analysis were entered into multivariate analyses. P < 0.05
was considered statistically significant in all analyses.
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RESULTS
Profiles

In the hepatic resection group (n = 200), the median
patient age was 57 years (range, 23-86 years), and 132
patients (66%) were male. Preoperative chemotherapy
regimens consisted of a fluoropyrimidine and one of the
following: irinotecan (n = 75), irinotecan with bev-
acizumab (n = 20), oxaliplatin (n = 35), oxaliplatin with
bevacizumab (n = 59), and irinotecan and oxaliplatin
(n = 11). The median number of chemotherapy cycles was
four (range, 2-23), and the median interval between the last
dose of chemotherapy and hepatic resection was 42 days
(range, 14-174 days).

In the nonresection group (n = 90), the median patient
age was 56 years (range, 26-81 years), and 61 patients
(68%) were male. Chemotherapy regimens consisted of a
fluoropyrimidine and one of the following: irinotecan
(n = 40), irinotecan with bevacizumab (n = 8); oxaliplatin
(n = 10), oxaliplatin with bevacizumab (n = 17), and iri-
notecan and oxaliplatin (n = 15). The median number of
first-line chemotherapy cycles was six (range, 1-26).

Changes in Clinicopathologic Features After
Chemotherapy in the Resection Group

In the resection group, CEA level, tumor number, and
tumor size were statistically significantly decreased after
chemotherapy. Specifically, median (range) values before
chemotherapy and before surgery were as follows: CEA
level: 8.5 (1.04513.4) ng/ml, 2.8 (1.0-670.7) ng/ml,
P <0.001; tumor number: 2.5 (1-32), 2.0 (0-15),
P < 0.001; and tumor size: 3.4 (.5-19.0) cm, 2.4 (.0-16.5)
cm, P < 0.001.

In addition, tumor number was larger at pathologic
examination than by preoperative radiologic assessment
(median [range], mean: 2.0 [1-24], 3.5 vs. 2.0 [0-15], 2.8;
P < 0.001). Likewise, tumor size was larger on pathologic
examination than on preoperative radiologic assessment
(median [range], mean; 2.5 [.5-17.0], 3.5 cm vs. 2.4 [.0-
16.5], 3.0 cm; P < 0.001).

Prognostic Factors for All Patients

For the entire study group of 290 patients, the median
follow-up time from the date of initiation of chemotherapy
was 29 months (range, 3—105 months). Cumulative 1-, 3-,
and 5-year survival rates were 91%, 63%, and 34%,
respectively.

Thirty-nine patients (13%) had NLR > 5 before che-
motherapy. Cumulative 1-, 3-, and 5-year survival rates
were 77%, 47%, and 26%, respectively, in the patients with

NLR > 5 before chemotherapy and 92%, 65%, and 36%,
respectively, in the patients with NLR < 5 before chemo-
therapy (P = 0.017) (Fig. 1).

The results of univariate and multivariate analysis for
the predictors of survival in all 290 patients are listed in
Table 1. On univariate analysis, predictors of worse sur-
vival were male sex, DFI <1 year, CEA level >200 ng/ml,
multiple tumors, tumor size >5 cm, no resection, and
NLR > 5. Of these factors, male sex, no resection, and
NLR > 5 remained independent predictors of worse sur-
vival on multivariate analysis.

Prognostic Factors for the Resection Group

For the 200 patients who underwent hepatic resection,
the median follow-up period after hepatic resection was
28 months (range, 2—102 months). Cumulative 1-, 3-, and
S-year survival rates were 96%, 68%, and 41%,
respectively.

Twenty patients (10%) had NLR > 5 before surgery.
Cumulative 1-, 3-, and 5-year survival rates were 100%,
38%, and 19%, respectively, in the patients with NLR > 5
before surgery and 96%, 70%, and 43%, respectively, in
the patients with NLR < 5 before surgery (P = 0.009)
(Fig. 2). NLR before chemotherapy did not predict survival
(5-year survival rate, NLR > 5 vs. <5, 42% vs. 41%,
P = 0.324).

The results of univariate and multivariate analysis for
the predictors of survival are provided in Table 2. On
univariate analysis, predictors of worse survival were
concomitant radiofrequency ablation (RFA), multiple
tumors in the pathologic specimen, and preoperative
NLR > 5. Male sex and positive surgical margins were
marginally statistically significant predictors of worse
survival. On multivariate analysis that used variables
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FIG. 1 Survival
chemotherapy

of all patients according to NLR before
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TABLE 1 Univariate and multivariate analysis of prognostic predictors in 290 patients

Variable N 1-y 3-y 5-y Median Univariate analysis Multivariate analysis
survival survival survival survival
(%) (%) (%) (mo) P value HR 95% CI P value HR 95% CI
Sex
Male 193 90 60 28 41 0.015 1.6 1.1-2.3 0.029 1.6 1.1-2.3
Female 97 93 68 50 56
Age (year)
>60 103 90 66 34 48 0.581 0.9 0.6-1.3
<60 187 91 61 34 42
Lymph node metastasis of primary tumor
Positive 215 90 58 37 42 0.461 1.2 0.8-1.8
Negative 37 93 76 26 48
DFI (y)
<1 230 88 57 30 39 <0.001 2.6 1.54.5 139 1.6 0.9-3.0
>1 60 100 86 54 65
CEA (ng/ml)*
>200 43 86 38% 22 26 0.003 1.9 1.2-2.8 0.969 1.0 0.6-1.6
<200 240 91 67 37 47
Tumor
number®
Multiple 272 90 58 29 40 <0.001 2.9 1.6-5.1 .057 1.8 1.0-3.2
Solitary 87 95 81 63 NA
Tumor size
(cm)*
>5 81 88 58 27 38 0.010 1.4 0.9-2.0 0.111 1.4 0.9-2.0
<5 199 92 64 39 47
Treatment
No Hx 90 74 20 12 18 <0.001 53 3.8-7.5 <0.001 4.7 3.2-7.1
Hx 200 98 81 44 54
NLR?*
>5 39 77 47 26 34 0.019 1.7 1.1-2.7 0.005 2.0 1.3-33
<5 251 92 65 36 45

HR hazard ratio, 95% CI 95% confidence interval, NA not available, DFI disease-free interval, CEA carcinoembryonic antigen, Hx hepatic

resection, NLR neutrophil-to-lymphocyte ratio
# Measured before chemotherapy

available before surgery (sex, NLR), only NLR > 5 was an
independent predictor of worse survival (Table 2). On
multivariate analysis that used variables available after
surgery (sex, RFA, multiple tumors, surgical margin status,
NLR), concomitant RFA, positive surgical margin, and
NLR > 5 were independent predictors of worse survival
(Table 2).

Prognostic Factors for the Nonresection Group

For the 90 patients who did not undergo hepatic resec-
tion, the median follow-up period after the initiation of
chemotherapy was 16 months (range, 3-99 months). Two
patients (2%) had no radiologic evidence of disease after
follow-up of 99 and 55 months, respectively. Cumulative

1-, 3-, and 5-year survival rates were 74%, 20%, and 12%,
respectively.

Fourteen patients (16%) had NLR > 5 before chemo-
therapy. Cumulative 1-, 3-, and 5-year survival rates were
40%, 8%, and 0%, respectively, in the patients with
NLR > 5 before chemotherapy and 78%, 40%, and 23%,
respectively, in the patients with NLR < 5 before chemo-
therapy (P = 0.0002) (Fig. 3).

The results of univariate and multivariate analysis for
the predictors of survival are listed in Table 3. Univariate
analysis revealed that NLR > 5 was a predictor of worse
survival. Male sex was a marginally statistically significant
predictor of worse survival. NLR > 5 remained an inde-
pendent predictor of worse survival on multivariate
analysis.
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FIG. 2 Survival of patients who underwent hepatic resection
according to NLR after chemotherapy but before resection

Influence of Preoperative Chemotherapy on NLR
in Patients in the Resection Group

In the resection group, 25 patients (12.5%) had
NLR > 5 before chemotherapy, and 17 of these patients
(68%) had NLR < 5 before surgery. In contrast, 175
patients had NLR < 5 before chemotherapy, and 12 of
these patients (6.9%) had NLR > 5 before surgery.
Cumulative 1-, 3-, and 5-year survival rates of the 17
patients with improved NLR were 94%, 63%, and 50%,
respectively, similar to the corresponding rates in the 163
patients with NLR < 5 both before chemotherapy and
before surgery (96%, 73%, and 43%, respectively,
P = 991) and better than those in the 8 patients with
NLR > 5 both before chemotherapy and before surgery
(P = .021) (Fig. 4).

DISCUSSION

The present study showed that high NLR (NLR > 5)
independently predicted worse survival in patients with
CLM treated with chemotherapy followed by hepatic
resection or chemotherapy only. Although the patients
included in the resection and nonresection groups were
different, especially with respect to tumor burden, we
evaluated the prognostic predictors in the whole group as
well as in each subgroup because resectability of CLM
cannot always be predicted before preoperative chemo-
therapy. In multivariate analysis of all patients, NLR > 5
was shown to be an independent predictor of worse sur-
vival, along with male sex and absence of hepatic
resection, and neither tumor size nor tumor number pre-
dicted survival. This result suggests either that high NLR
indicates aggressive tumor biology associated with poor
outcomes that cannot be estimated on the basis of

previously proposed risk factors, including tumor size and
tumor number, or that high NLR may indicate impaired
host immune response to the tumor. A pathologic study by
Canna et al. showed that increased infiltration of CD4" T
lymphocytes within colorectal cancer was associated with
lower CRP and better prognosis.'®

Furthermore, multivariate analysis in the resection and
nonresection subgroups showed that high NLR was the
only factor among the factors that are available before
treatment that predicted survival. It was notable that none
of the five factors included in the clinical risk score (lymph
node metastasis, DFI < 1 year, CEA > 200 ng/ml, tumor
size > 5 cm, multiple tumors) predicted survival.’
Although the reliability of a clinical risk score proposed on
the basis of a single-institution study may be affected by
patient selection bias, failure of clinical risk scores to
predict prognosis was also reported in several recent
studies at other high-volume centers.®’ Therefore, it seems
reasonable to conclude that scores based only on the classic
clinicopathologic factors have limited ability to predict
survival in patients with CLM. Another problem with
clinical risk scores is that in most studies, there is no clear
discrimination between tumor number and tumor size
estimated preoperatively on the basis of radiologic findings
and tumor number and tumor size defined postoperatively
on the basis of pathologic evaluation. In other words, tumor
number and tumor size may be underestimated on preop-
erative evaluation. Recent studies showed that the
sensitivity of contrast-enhanced computed tomography in
the detection of CLM was only 60% to 73%.'"'® The
present study also revealed that in the resection group,
tumor number was lower and tumor size was smaller on
preoperative assessment than on pathologic examination.
Our results showed that NLR is a better prognostic pre-
dictor than tumor number and tumor size, regardless of
whether they are assessed radiologically or pathologically.

In the analysis for the resection group that used the
variables available postoperatively, concomitant RFA and
positive surgical margins were the only independent pre-
dictors besides high NLR. We previously reported that the
combination of RFA with resection was associated with a
higher risk of intrahepatic tumor recurrence and worse
survival.”® Positive surgical margin is also an indicator of
incomplete resection. Therefore, the current analysis of
patients who underwent hepatic resection suggests the
importance of complete resection of CLM, although
incomplete resection may occur, especially in patients with
multiple or bilobar metastases.'>*! To achieve complete
resection, two-stage hepatectomy in combination with
portal vein embolization is a better option than concomitant
REA 22-24

In contrast to Malik et al., who found that neoadjuvant
chemotherapy did not normalize a high NLR, we found
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TABLE 2 Univariate and multivariate analysis of prognostic predictors in the 200 patients who underwent hepatic resection

Variable N 3yr S5yr Median  Univariate analysis Multivariate analysis Multivariate analysis
survival survival survival (preoperative factors) (postoperative factors)
(%) (%) (m)
P value HR 95% CI Pvalue HR 95% CI P value HR 95% CI
Sex 0.055 1.7 1.0-3.0 0.07 1.7 1.0-29 0.131 1.5 0.9-2.7
Male 132 o4 35 42
Female 68 76 53 NA
Age (y) 0.739 1.1 0.7-1.8
>60 80 66 34 45
<60 120 68 43 45
DFI (y) 0.202 1.5 0.8-2.6
<1 140 o4 39 44
>1 60 78 45 59
Lymph node 0.702 09 0.5-1.6
metastasis
of primary tumor
Positive 140 69 46 57
Negative 53 71 30 44
Hepatectomy 0.191 1.5 0.83-2.54
Major 138 66 37 44
Minor 62 73 50 53
Concomitant RFA 0.003 20 13-33 0.021 1.9 1.1-32
Yes 64 59 26 37
No 136 72 51 62
CEA (ng/mL)* 0.144 24 0.7-7.6
>200 4 175 0 37
<200 196 68 42 48
Tumor number
Preoperative® 0.117 1.6 0929
Multiple 140 o4 36 44
Solitary 60 78 57 NA
Pathology 0.040 20 1.0-3.8 0.427 1.3 0.7-2.7
Multiple 147 63 34 44
Solitary 53 83 61 NA
Tumor size (cm)
Preoperative® 0.497 1.3 724
>5 27 66 37 44
<5 167 70 42 49
Pathology 0.807 1.1 6-1.9
>5 35 71 44 45
<5 165 67 45 48
Surgical margin 0.068 1.9 1.0-39 0.031 23 1.147
Positive 20 37 15 33
Negative 180 71 43 48
NLR?* 0.011 23 1.2-44 .016 22 1.2-43 0.048 20 1.0-3.8
>5 20 40 19 34
<5 180 71 43 49

HR hazard ratio, 95% CI 95% confidence interval, NA not available, DFI disease-free interval, CEA carcinoembryonic antigen, Hx hepatic

resection, NLR neutrophil-to-lymphocyte ratio
4 Measured before hepatic resection



620

Y. Kishi et al.

Proportion
Surviving

.
A

—— NLR before chemotherapy < 5
NLR before chemotherapy > 5

p=0.002

0.6 )\
0.4 l_I_LLL
0.2

Years

FIG. 3 Survival of patients who did not undergo hepatic resection
according to NLR before chemotherapy

that high NLR reverted to normal after preoperative che-
motherapy in 17 patients (68%).”'* The survival of these
17 patients was similar to that of patients with NLR < 5
both before chemotherapy and before surgery. The survival

of the 17 patients with normalized NLR also was better
than that of the patients whose NLR remained high.

Perhaps because of the high rate of conversion from
high NLR to low NLR in our data set, high NLR before
chemotherapy was not associated with worse survival in
the resection group. We did not assess the rate of conver-
sion from NLR > 5 to NLR < 5 after chemotherapy in the
nonresection group because most patients in that group
were shifted to second-line chemotherapy after evidence of
disease progression without a chemotherapy-free interval
required to accurately ascertain the NLR. Further pro-
spective studies are needed to evaluate the relative
contributions of NLR normalization to the improved sur-
vival in patients who undergo hepatic resection.

Although we demonstrated the usefulness of NLR as a
prognostic factor, it would not be appropriate to conclude
that hepatic resection should be withheld only because
preoperative NLR is high. In addition, there is a possibility
that inflammatory response was underestimated in the
present study. First, the proportion of patients with high
NLR before hepatic resection in the resection group was
10% (20 of 200), lower than the 18% (78 of 440) reported

TABLE 3 Univariate and multivariate analysis of prognostic factors in the 90 patients who underwent chemotherapy without hepatic resection

Variable N 1yr 3yr Syr Median Univariate analysis Multivariate analysis
survival survival survival survival
(%) (%) (%) (m) P value HR 95% CI P value HR 95% CI
Sex
Male 61 72 15 8 16 0.080 1.6 0927 0.152 1.5  09-25
Female 29 75 29 22 22
Age (y)
>60 23 70 15 15 20 0.721 1.1 0.7-19
<60 67 74 22 11 18
Lymph node metastasis
of primary tumor
Positive 75 73 18 11 18 0.860 1.7 0.6-2.0
Negative 14 71 26 17 18
CEA (ng/mL)*
>200 27 77 16 11 16 0.902 1.0 0.6-1.7
<200 63 69 21 12 18
Tumor number®
Multiple 85 74 18 10 18 0.216 25  0.6-15
Solitary 5 53 53 53 NA
Tumor size (cm)*
>5 30 66 13 13 15 0.165 1.4 0924
<5 59 76 24 12 19
NLR?*
>5 14 40 0 0 11 <0.001 3.1 1.7-5.9 0.001 29 1555
<5 76 78 23 14 21

HR hazard ratio, 95% CI 95% confidence interval, NA not available, CEA carcinoembryonic antigen, NLR neutrophil-to-lymphocyte ratio

* Measured before chemotherapy
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in the study of Halazun et al. (P = 0.0156).13 In addition,
the cutoffs of high NLR or CRP defined as >5 or >10 mg/1
were empirical and were not validated by quantitative
analyses. In the study of Malik et al., high CRP (>10 mg/l)
was used in addition to NLR as an index of the presence of
inflammatory response to tumor, and 24.5% of patients
(137 of 423) met these criteria.” Patients in the resection
group in our series underwent hepatic resection a median of
6 weeks after the last chemotherapy, and in 92% of cases
(183 of 200), the interval was 4 weeks or more. Hence, the
influence of immunosuppression by chemotherapy was
minimized, but it cannot be completely ruled out. Leitch
et al. reported that Glasgow prognostic score, which is
based on high CRP (>10 mg/l, score 1) and hypoalbumi-
nemia (<35 g/l, score 1), was better than NLR as a
predictor of prognosis in patients with colorectal can-
cer.”>?° Because CRP is not routinely measured in our
institution, we could not analyze CRP or Glasgow prog-
nostic score in the present study. Second, although high
NLR is considered to reflect weak lymphocyte-mediated
immune response to tumor as a result of relative lympho-
cytopenia, previous studies evaluating histologic
infiltration of inflammatory cells around or within colo-
rectal cancer showed that not only lymphocyte infiltration
but also infiltration of macrophages, eosinophils, mast
cells, and natural killer cells is associated with better
prognosis.'*!'®?"° Furthermore, there is a possibility that
exclusion of one-third (102 of 300) of patients as a result of
the absence of NLR data may potentially bias the results of
the present study.

In conclusion, high NLR (NLR > 5) is a useful pre-
dictor of worse survival in patients with CLM treated with
either chemotherapy alone or with chemotherapy followed
by hepatic resection. When chemotherapy normalizes high
NLR and hepatic resection is performed, survival can be
expected to be similar to that of patients who have normal

Years

NLR both before chemotherapy and before surgery. Fur-
ther prospective studies evaluating the inflammatory
response indices, including NLR, CRP, and cytokines, in a
larger numbers of patients are needed to comprehensively
identify the patients with inflammatory response at high
risk for poor outcomes.

REFERENCES

1. 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 Asso-
ciation Francaise de Chirurgie. Cancer. 1996;77:1254-62.

2. Fong Y, Fortner J, Sun RL, et al. Clinical score for predicting
recurrence after hepatic resection for metastatic colorectal cancer:
analysis of 1001 consecutive cases. Ann Surg. 1999;230:309-18.

3. Iwatsuki S, Dvorchik I, Madariaga JR, et al. Hepatic resection for
metastatic colorectal adenocarcinoma: a proposal of a prognostic
scoring system. J Am Coll Surg. 1999;189:291-9.

4. Minagawa M, Yamamoto J, Kosuge T, et al. Simplified staging
system for predicting the prognosis of patients with resectable
liver metastasis: development and validation. Arch Surg.
2007;142:269-76.

5. Domont J, Pawlik TM, Boige V, et al. Catalytic subunit of human
telomerase reverse transcriptase is an independent predictor of
survival in patients undergoing curative resection of hepatic
colorectal metastases: a multicenter analysis. J Clin Oncol.
2005;23:3086-93.

6. Zakaria S, Donohue JH, Que FG, et al. Hepatic resection for
colorectal metastases: value for risk scoring systems? Ann Surg.
2007;246:183-91.

7. 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.

8. Rees M, Tekkis PP, Welsh FK, et al. Evaluation of long-term
survival after hepatic resection for metastatic colorectal cancer: a
multifactorial model of 929 patients. Ann Surg. 2008;247:125-35.

9. Thirion P, Wolmark N, Haddad E, et al. Survival impact of
chemotherapy in patients with colorectal metastases confined to
the liver: a re-analysis of 1458 non-operable patients randomised
in 22 trials and 4 meta-analyses. Meta-Analysis Group in Cancer.
Ann Oncol. 1999;10:1317-20.



622

Y. Kishi et al.

10.

12.

14.

15.

16.

17.

18.

19.

20.

Adam R, Delvart V, Pascal G, et al. Rescue surgery for unresec-
table colorectal liver metastases downstaged by chemotherapy: a
model to predict long-term survival. Ann Surg. 2004;240:644-57.

. Okano K, Maeba T, Moroguchi A, et al. Lymphocytic infiltration

surrounding liver metastases from colorectal cancer. J Surg
Oncol. 2003;82:28-33.

Wong VK, Malik HZ, Hamady ZZ, et al. C-reactive protein as a
predictor of prognosis following curative resection for colorectal
liver metastases. Br J Cancer. 2007;96:222-5.

. Halazun KJ, Aldoori A, Malik HZ, et al. Elevated preoperative

neutrophil to lymphocyte ratio predicts survival following hepatic
resection for colorectal liver metastases. Eur J Surg Oncol.
2008;34:55-60.

Walsh SR, Cook EJ, Goulder F, et al. Neutrophil-lymphocyte
ratio as a prognostic factor in colorectal cancer. J Surg Oncol.
2005;91:181-4.

Pawlik TM, Scoggins CR, Zorzi D, et al. Effect of surgical
margin status on survival and site of recurrence after hepatic
resection for colorectal metastases. Ann Surg. 2005;241:715-22.
Canna K, McArdle PA, McMillan DC, et al. The relationship
between tumour T-lymphocyte infiltration, the systemic inflam-
matory response and survival in patients undergoing curative
resection for colorectal cancer. Br J Cancer. 2005;92:651-4.
Bhattacharjya S, Bhattacharjya T, Baber S, et al. Prospective
study of contrast-enhanced computed tomography, computed
tomography during arterioportography, and magnetic resonance
imaging for staging colorectal liver metastases for liver resection.
Br J Surg. 2004;91:1361-9.

Bipat S, van Leeuwen MS, Comans EF, et al. Colorectal liver
metastases: CT, MR imaging, and PET for diagnosis—meta-
analysis. Radiology. 2005;237:123-31.

Nomura K, Kadoya M, Ueda K, et al. Detection of hepatic
metastases from colorectal carcinoma: comparison of histopath-
ologic features of anatomically resected liver with results of
preoperative imaging. J Clin Gastroenterol. 2007;41:789-95.
Abdalla EK, Vauthey JN, Ellis LM, et al. Recurrence and out-
comes following hepatic resection, radiofrequency ablation, and

21.

22.

23.

24.

25.

26.

27.

28.

29.

combined resection/ablation for colorectal liver metastases. Ann
Surg. 2004;239:818-25.

Kokudo N, Miki Y, Sugai S, et al. Genetic and histological
assessment of surgical margins in resected liver metastases from
colorectal carcinoma: minimum surgical margins for successful
resection. Arch Surg. 2002;137:833—40.

Chun YS, Vauthey JN, Ribero D, et al. Systemic chemotherapy
and two-stage hepatectomy for extensive bilateral colorectal liver
metastases: perioperative safety and survival. J Gastrointest Surg.
2007;11:1498-504.

Makuuchi M, Thai BL, Takayasu K, et al. Preoperative portal
embolization to increase safety of major hepatectomy for hilar
bile duct carcinoma: a preliminary report. Surgery. 1990;107:
521-7.

Jaeck D, Oussoultzoglou E, Rosso E, et al. A two-stage hepa-
tectomy procedure combined with portal vein embolization
to achieve curative resection for initially unresectable multiple
and bilobar colorectal liver metastases. Ann Surg. 2004;240:
1037-49.

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

Forrest LM, McMillan DC, McArdle CS, et al. Evaluation of
cumulative prognostic scores based on the systemic inflammatory
response in patients with inoperable non-small-cell lung cancer.
Br J Cancer. 2003;89:1028-30.

Klintrup K, Makinen JM, Kauppila S, et al. Inflammation and
prognosis in colorectal cancer. Eur J Cancer. 2005;41:2645-54.
Fernandez-Acenero MJ, Galindo-Gallego M, Sanz J, Aljama A.
Prognostic influence of tumor-associated eosinophilic infiltrate in
colorectal carcinoma. Cancer. 2000;88:1544-8.

Nagtegaal ID, Marijnen CA, Kranenbarg EK, et al. Local and
distant recurrences in rectal cancer patients are predicted by the
nonspecific immune response; specific immune response has only
a systemic effect—a histopathological and immunohistochemical
study. BMC Cancer. 2001;1:7.



	Blood Neutrophil-to-Lymphocyte Ratio Predicts Survival �in Patients with Colorectal Liver Metastases Treated �with Systemic Chemotherapy
	Abstract
	Background
	Methods
	Results
	Conclusion

	Methods
	Results
	Profiles
	Changes in Clinicopathologic Features After Chemotherapy in the Resection Group
	Prognostic Factors for All Patients
	Prognostic Factors for the Resection Group
	Prognostic Factors for the Nonresection Group
	Influence of Preoperative Chemotherapy on NLR �in Patients in the Resection Group

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


