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Abstract

Background Inflammatory markers are strong prognostic
factors for survival in a variety of cancers. This study aimed
to investigate the relationships between known inflamma-
tory markers and their ability to predict overall survival
(OS) in patients receiving docetaxel therapy.

Methods Sixty-eight patients with advanced cancer were
enrolled in a clinical trial of single agent docetaxel from
2000 to 2002. Inflammation was measured using baseline
cytokine concentrations, acute phase reactant proteins and
white blood cell counts. The neutrophil/lymphocyte ratio
(NLR) and Glasgow Prognostic Score (GPS) were calcu-
lated. Associations between inflammatory markers and their
predictive value for OS were tested.

Results The majority of patients had elevated inflammatory
markers (50-70%). Strong inter-relationships were observed
between the different inflammatory indices. Only NLR
and GPS were independently predictive of OS. A
combined NLR and GPS score demonstrated 11 month
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differences in overall OS between patients with normal
and elevated inflammatory status. Normalisation of NLR
after three doses of chemotherapy was associated with
significant improvement in survival.

Conclusion This study found that NLR predicts the clinical
outcomes for patients with advanced cancer treated with
docetaxel. The clinical utilisation of NLR should be
validated in a larger patient population to confirm its utility.

Keywords Neutrophil/lymphocyte ratio - Glasgow
Prognostic Score - Docetaxel - Overall survival

Background

Chronic inflammation plays an essential role in cancer
development and progression [1, 2]. Current evidence
strongly points to central inflammatory mediators with
pro-inflammatory cytokines including tumour necrosis
factor (TNF-alpha), interleukin-1 (IL-1) and interleukin-6
(IL-6) [1, 2] as the key protagonists. In addition to the role
these cytokines provide in the local tumour microenviron-
ment, TNF-alpha, IL-1 and IL-6 are elevated systemically
in patients with advanced cancer [3—6] and significantly
contribute to the formation of the acute phase response
characterised by increased circulating C-reactive protein
(CRP) concentrations and homeostasis of the innate and
adaptive immune system. Together, these cells and
mediators produce “smouldering” chronic systemic in-
flammation in patients with advanced cancer and may
reflect the overall patient’s ability to tolerate and
respond to chemotherapy treatments.

Several studies have reported the use of serum cytokine
levels in differentiating cancer versus normal patients, stage
of disease, presence of metastases and survival [7-10]. The
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cost of cytokine measurements and lack of standardisation
with commercially available ELISA kits is prohibitive for
routine use therefore limiting serum cytokine measurements
to research studies [11]. Laboratory markers of systemic
inflammation have been investigated as both prognostic
and predictive biomarkers in several cancer populations.
Examples of these include CRP [12-14], Glasgow
Prognostic Score (GPS) [15-17], (a combination of CRP
and albumin), neutrophil/lymphocyte ratio (NLR) [18-23]
and platelet/lymphocyte ratio (PLR) [24] in predicting
outcomes for patients after surgical resection but also in
those with inoperable cancers. Recently we investigated
the use of NLR as a predictor of chemotherapy response
and survival in two sets of patients with advanced
colorectal cancer (CRC) receiving first-line chemotherapy
[25]. These results suggest the use of NLR as an
independent marker of clinical benefit and survival but
also that normalisation of NLR early during the course of
treatment predicts for improved clinical outcomes.

Simple and easily assessable markers of systemic
inflammation such as GPS and NLR may be more reliable
clinical tools in clinical practice as predictors of chemo-
therapy outcomes and as a dynamic marker of the
interaction between tumour, host and inflammatory
responses. The aim of this study, therefore, was to (1)
determine the utility of GPS and NLR in patients with
advanced cancer receiving docetaxel chemotherapy, (2)
assess associations between GPS and NLR with pro-
inflammatory cytokines (3) develop a clinical score based
on inflammatory indices to aid prognostication and (4)
assess the effect of normalisation of NLR after three doses
of docetaxel chemotherapy.

Methods
Study population and methods

Between July 2000 and June 2002, patients with
histologically confirmed locally advanced or metastatic
malignancy suitable for palliative chemotherapy at the
Sydney Cancer Centre were enrolled in a trial examining the
pharmacokinetics of weekly docetaxel on patients with
advanced cancer. This study also examined the role of
patient covariates, including acute phase reactants,
nutritional status and pro-inflammatory cytokines on
the clearance of docetaxel, adverse events and survival.
Details of the study including eligibility and treatment
protocols have been described in previously published
papers [26-28]. No patients in this trial received
granulocyte stimulating growth factor as part of their
treatment. Informed consent was obtained from all
participants in this trial and approved by the ethics
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committee of the Central Sydney Area Health Service.
Patients enrolled in this trial with values for all relevant
covariates, e¢.g., docetaxel clearance, adverse events,
adequate survival follow-up and baseline inflammatory
markers (CRP, albumin, white cell components and
cytokines) plus nutritional status information were
included in this analysis.

Statistical analysis

Statistical analysis was performed using SPSS Graduate
Version 17.0. Overall survival (OS) was calculated from the
date of starting the chemotherapy protocol to the date of
death from any cause. Non-parametric tests (Mann—Whitney
U) were used to test associations between variables (CRP,
albumin, GPS, NLR and serum cytokines). Relevant data
were dichotomised into binary variables according to either
median values (cytokines), upper limits of normal (CRP) or
other established categories (ECOG performance status,
GPS). GPS was calculated as previously described [29,
31]. Patients with both elevated CRP level (>10 mg/ml) and
hypoalbuminaemia (<35 g/l) were allocated a score of 2.
Patients with only one of these biochemical abnormalities
were allocated a score of 1 and patients with none of
these abnormalities were allocated a score of 0. An
NLR cut-off of greater than 5 was considered to be
elevated based on previous trials [18, 19, 31]. Survival
analysis was performed using the Kaplan—-Meier method
with log-rank test in univariate analysis. Cox regression
analysis was used for multivariate survival analysis and
for calculation of hazard ratios.

Results
Patient characteristics

Baseline patient characteristics are shown in Table 1. Sixty
eight patients were enrolled in the study with relevant
baseline clinical information and adequate follow up for
analysis. The median age was 63 years (range: 28-85).
Lung cancer the most common type of malignancy (30%)
followed by head and neck (21%) and breast cancer (19%).
The majority (64%) of patients had excellent performance
status (0 or 1) with more than two-thirds of patients
receiving prior chemotherapy for metastatic disease. A
third of patients had GPS 0 with more than 50% of patients
with NLR>5.

Predictors of OS

At the time of analysis, all patients were deceased. The
median OS was 6.3 months (95% confidence interval [CI]
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Table 1 Baseline patient characteristics

Median (range)

Table 2 Univariate analysis of clinicopathological factors, inflamma-
tory response and overall survival in patients with locally or advanced
cancer receiving docetaxel

Age 63 (28-85)
Gender (M/F) 38:30 (56:44)
Type of cancer,” no. (%)

Lung 20 (30)
Head and neck 14 (21)
Breast 13 (19)
Prostate 8 (12)

Other 12 (18)
ECOG Performance Status

0 8 (12)

1 35 (52)

2 20 (29)

3 5(7)
Prior chemotherapy

Yes 48 (71)

No 20 (29)
Glasgow Performance Score (GPS)

0 21 (31)

1 34 (50)

2 13 (19)
Baseline levels of prognostic factors

IL-6 (pg/ml)* 5.8 (0-193)
TNF-alpha (pg/ml)* 0.9 (0-11.2)
CRP (mg/l) 13.5 (1.0-291.0)
Albumin (g/1) 37.0 (18-44)
CEA NA
Neutrophil/lymphocyte ratio 6.2 (1.4-44.3)

<5 30 (44%)
>5 38 (56%)

“Data missing for one patient
*Data missing for >10% of patients

4.7-7.9). In univariate analysis, variables predicting
improved OS included primary site of disease, ECOG
performance status 0 or 1, NLR<5, low or normal CRP
levels, absence of hypoalbuminaemia, GPS 0 and low
IL-6 levels (Table 2). Sub-group analysis was unable to
be performed for cancer type due to the small sample
sizes. In multivariate analysis, NLR>5 and GPS 1 and
2 predicted for worse OS [hazard ratio 2.9 (95% CI
1.2-3.3) and hazard ratio 4.1 (2.2-7.7), respectively]
(Table 3).

Inflammation-based score using GPS and NLR
Based on the results of the multivariate analysis, an

inflammation-based score using GPS and NLR was
constructed (Table 4). Using this combined score, patients

Patients (%) Survival (months) p Value

median (95%CI)

Age

<65 39 6.0 (3.4-8.6)

>65 29 6.7 (5.2-8.1) 0.562
Gender

Male 38 5.9 (4.1-7.7)

Female 30 6.7 (4.4-9.1) 0.711
Ethnicity

Caucasian 55 5.9 (4.4-74)

Asian 9 10.9 (4.3-17.5) 0.475
Others 4.3 (0.0-10.4)
Primary site of disease

Lung 20 6.7 (2.3-11.1)

Breast 13 7.2 (3.8-10.5)

Head and neck 14 4.1 3.0-5.3) 0.042
Prostate 8 10.1 (5.6-14.5)

Other 12 5.0 2.2-7.7)

ECOG PS

0-1 43 7.0 (4.5-9.5)

2-3 25 5.0 (2.8-7.2) 0.034
NLR

<5 30 7.1 (4.8-9.5)

>5 38 4.7 (3.0-6.4) 0.012
Haemaglobin

>LLN 32 5.9 (3.0-8.9)

<LLN 35 6.7 (4.6-8.8) 0.224
CRP

<10 25 8.8 (0.8-16.8)

>10 43 5.0 (4.0-5.9) <0.0001
Albumin

<35 g/l 17 4.6 (0.7-8.6)

>35 g/l 51 7.2 (4.9-94) 0.021
GPS

0 21 14.5 (5.3-23.7)

1 and 2 47 5.0 (3.9-6.0) <0.0001
IL-6 (pg/ml)

<Median 30 7.0 (4.7-9.3)

>Median 31 5.0 2.7-7.3) 0.008
TNF-alpha (pg/ml)

<Median 29 7.1 (3.1-11.1)

>Median 28 5.5 (3.1-7.9) 0.176

were categorised into three categories with patients with
a score of 0 predicting improved OS (15.8 months,
95% CI 6.0-25.6) compared to a score of 1
(7.0 months, 95% CI 5.6-8.4) or 2 (4.3 months, 95%
CI 2.7-7.9) (p<0.0001) (Fig. 1).
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Table 3 Multivariate analysis of prognostic factors and OS in patients
with locally advanced or metastatic cancer receiving docetaxel

Variable Hazard ratio (95% CI) p Level
NLR

<5 1.0

>5 2.0 (1.2-3.3) 0.010
GPS

0 1.0

1 and 2 4.1 (2.2-7.7) <0.0001

Association between NLR and CRP, albumin, GPS
and cytokines

The median NLR values for patients with CRP <10 was
4.3 (1.4-16.0) and was significantly lower compared to
patients with elevated CRP levels (6.5; range 1.9-44.3)
(»=0.03). The median NLR values for patients with
hypoalbuminaemia was 6.5 (range 3.1-44.0) and 6.1
(range 1.4-44.3) for patients with normal or high levels
of albumin and not statistically significantly different (p=
0.15). In patients with GPS 0, the median NLR was 4.3
(range 1.4-16.0) and 6.5 (range 1.9-44.3) for patients with
GPS 1 or 2 although the difference was not statistically
significant (p=0.094). There was no statistically significant
association between NLR and IL-6 or TNF-alpha levels
with NLR (p=0.42 and 0.95, respectively).

Normalisation of NLR after three doses of docetaxel
chemotherapy

Patients were categorised into the following categories (1)
patients with NLR<5 at baseline (n=31), (2) NLR>5 at

Table 4 Inflammation-based scores using baseline prognostic
variables

Inflammation Scores

Glasgow Prognostic Score (GPS)

0 Normal CRP and albumin levels

1 Either elevated CRP or low albumin levels
2 Both elevated CRP and low albumin
Neutrophil/lymphocyte Ratio (NLR)

1 NLR<5

2 NLR>5
Combined Inflammation Score

0 GPS 0 and NLR<5

1 GPS 0 and NLR>5 or GPS 1-2 and NLR<5
2 GPS 1-2 and NLR>5

Elevated CRP defined as >10 mg/l and low albumin as <35 g/l
CRP C-reactive protein
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Survival (%)

months

—— GPS0&NLR <5

--- GPSO&NLR>5
GPS12&NLR<5
—— GPS1,2&NLR>5

Overall log rank p < 0.0001

Fig. 1 Overall survival according to combined inflammation
score

baseline and 1 week after three doses of docetaxel
chemotherapy and prior to starting the fourth dose (n=27)
and (3) NLR >5 at baseline with normalisation to less or
equal to 5 one week after three doses of docetaxel
chemotherapy (n=10). Patients with NLR normalisation
after three doses of chemotherapy had a significantly
improved OS of 10.3 months (95% CI 8.0—12.7) compared
to patients without normalisation of NLR after three doses
(4.3 months, 95% CI 2.7-6.0; p=0.013). Although the
median OS of patients with normalised NLR was better
compared to those with NLR<S at first cycle of chemo-
therapy (median OS 10.3 months [95% CI 8.0-12.7] versus
7.2 months [95% CI 4.9-9.4]), this did not approach
statistical significance (p=0.992, Fig. 2).

80+

Survival (%)
2
L

s
T

20+

0 5 10 15 20 25 30
months
— NLR>5 —5 =
p =0.013 [ NLR<§5 — <5 ] p- ggg;
------ NIR>5 —s5 1 P=0

Overall log rank p = 0.001

Fig. 2 NLR normalization after three doses of docetaxel chemotherapy
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Discussion

The results of this study support the use of inflamma-
tion based scores (GPS or NLR) for predicting OS in
patients with advanced cancer receiving docetaxel
chemotherapy. Furthermore, a combination score using
both these indices was able to categorise patients into
three categories with significant differences in OS for
patients with normal inflammatory status as defined by
normal CRP levels, lack of hypoalbuminaemia and
NLR<5 (median OS 15.8 months) compared to patients
with a heightened systemic inflammatory response
(median OS 4.3 months), a clinically significant differ-
ence of 11 months. However, this combined score
requires further validation in independent study popula-
tions before it use in the clinical setting could be
accepted. This study confirms the utility of GPS in
predicting clinical outcomes in patients with advanced
cancer receiving chemotherapy or immunotherapy as
reported previously [16, 17, 30] but also the use of a
simple, inflammatory score using components of the white
cell count in predicting clinical outcomes in patients
receiving chemotherapy for advanced cancer.

Previous studies, including one from our group, have
reported the ability of NLR to predict surgical outcomes
or outcomes from patients receiving first-line chemo-
therapy [18, 21, 25]. This study supports the use of NLR
in patients who have received prior chemotherapy with
71% of patients having received at least one line of
treatment. More than 50% of patients had a pre-
chemotherapy NLR value >5, compared to our previous
study of patients receiving first-line chemotherapy for
colorectal cancer, where only a third of patients had an
elevated NLR [25]. This may reflect the more advanced
nature of disease of patients in this trial or be related to
the different tumour types represented here including
lung and head and neck cancers, resulting in a raised
systemic inflammatory response.

This study strengthens the evidence for the role of
the systemic inflammatory response on predicting out-
comes for patients with advanced cancer receiving
chemotherapy. The presence of inflammation is a strong
predictor of the pharmacokinetics of docetaxel and thus
drug exposure in the weekly [27] and three-weekly
setting [32]. In both studies the acute phase reactant, «
acid glycoprotein, the main determinant for protein
binding, correlated with docetaxel pharmacokinetics.
Furthermore, studies from our laboratory have demon-
strated that tumour-mediated pro-inflammatory cytokines
down-regulate the CYP3A4 enzyme; the main detoxifying
metabolising enzyme for docetaxel [33]. Although there
was no correlation between cytokine levels and NLR
demonstrated in this study, this may have been due to the

small sample size and lack of standard cut-off scores for
serum cytokine measurements, hence confirming the
difficulty of using cytokine measurements outside of a
research setting. The association between high NLR
values and elevated CRP levels, however, confirms the
value of using NLR as a valid biomarker of systemic
inflammatory response.

This study reports the investigation of the utility of
NLR during the course of chemotherapy, in particular
the normalisation of NLR, to predict early responses to
treatment. In this cohort, a subset of patients with
normalisation of NLR after three doses of treatment had
substantially improved OS compared to those without
normalisation of NLR after three weekly doses (10.3
versus 4.3 months). This additional information early
during the course of treatment prior to radiological
assessment may be useful in decision-making regarding
further treatment or for identifying patients with worse
prognosis who may be potentially suitable for anti-
inflammatory mediators.

In conclusion, the results of this study have provided
evidence for the use of NLR in the advanced cancer setting
for patients receiving chemotherapy, introduced the concept
of'a combined inflammation score and the use of NLR early
during a treatment course to provide additional information
for prognostication. The use of a cheap, simple and easily
accessible plasma marker such as the NLR should be
validated in a larger patient population to confirm its utility.
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