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Abstract
Introduction: Colorectal cancer is the second most frequently diagnosed malignancy and one of the leading causes of can-

cer-related death in Poland. Many reports of different types of cancer have indicated that blood count parameters may serve as 
a source of prognostic or predictive information. 

Aim: To assess the association between these parameters and clinical outcome in patients with advanced colorectal cancer.
Material and methods: We retrospectively analysed a database of 295 patients with advanced colorectal cancer treated 

with first-line palliative chemotherapy at our institution from January 2008 to December 2012. Blood-based parameters were 
measured before the first cycle of treatment. 

Results: The median progression-free survival (PFS) was 6.7 months, and the median overall survival was 17.6 months. 
A high neutrophil-to-lymphocyte ratio (NLR) and a high platelet-to-lymphocyte ratio (PLR) were associated with a shorter sur-
vival (hazard ratio (HR): 1.88, p < 0.0001 for the NLR and HR: 1.39, p = 0.0054 for the PLR), but for the PLR, we observed only 
a not significant trend toward a worse PFS (HR = 1.25, p = 0.07 for the PLR and HR = 1.55, p = 0.0004 for the NLR). A high lym-
phocyte-to-monocyte ratio (LMR) was associated with a better prognosis (HR = 0.58, p ≤ 0.0001) and a longer PFS (HR = 0.73,  
p = 0.011). 

Conclusions: The blood-based parameters are readily available, reliable, and low-cost biomarkers, which can be easily incor-
porated into routine practice to predict the prognosis in patients with advanced colorectal cancer.

Introduction 
Colorectal cancer (CRC) is the second most frequent-

ly diagnosed malignancy and one of the leading causes 
of cancer-related death in Poland. According to the Na-
tional Cancer Registry in 2014, approximately 18,000 
people developed CRC and 11,500 died because of it [1]. 
The median overall survival (OS) of those patients with 
unresectable metastatic CRC participating in recent 
clinical trials exceeds 30 months, and the prolongation 
of life depends mainly on a multidisciplinary strategic 
approach. The improvements in the efficacy of system-
ic treatment not only enable long-term disease control 

without a significant deterioration in the quality of life, 
but also result in facilitating the surgical resection of 
metastases or the use of ablative techniques [2]. How-
ever, despite considerable progress, important ques-
tions about the appropriate selection of patients for 
the multiple treatment options remain unanswered. To 
determine an optimal treatment strategy, it is important 
to evaluate the patient outcomes. Many prognostic and 
predictive factors are used in clinical practice, such as 
the performance status, number and localisation of the 
metastasis, and the serum carcinoembryonic antigen 
(CEA) level [2]. Recently, a growing number of reports 
have indicated that a routine blood count may serve 
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as a source of important prognostic information. The 
parameters calculated on the basis of a complete blood 
count (CBC), such as the neutrophil-to-lymphocyte ratio 
(NLR), lymphocyte-to-monocyte ratio (LMR), and plate-
let-to-lymphocyte ratio (PLR), could help to predict the 
clinical outcomes in different kinds of cancer without 
any additional costs [3–6]. 

Aim
The aim of this study was to evaluate the prognostic 

and predictive values of the CBC parameters in patients 
with advanced CRC treated with first-line chemother-
apy.

Material and methods 
Patient eligibility
We retrospectively analysed a database of patients 

with CRC treated at our institution from January 2008 
to December 2012. We selected patients who met the 
following criteria: available pathological diagnosis, eval-
uated as unresectable CRC, and treated with first-line 
palliative chemotherapy. The exclusion criterion was the 
lack of a CBC measured before the first cycle of system-
ic therapy.

This study was approved by the Ethics Committee of 
the Medical University of Lodz. 

Evaluations
Detailed clinical data were collected, including each 

patient’s sex, age, Eastern Cooperative Oncology Group 
(ECOG) performance status, primary tumour location, 
and presence and location of metastasis. We also ana-
lysed the data on the adjuvant and first-line palliative 
chemotherapy. Apart from a CBC, several other labora-
tory parameters were evaluated, such as the CEA and 
cancer antigen (CA) 19-9 levels, alkaline phosphatase 
(ALP), and lactate dehydrogenase (LDH). All of the blood 
samples were taken before the first administration of 
chemotherapy. Based on the CBC, we calculated the 
NLR by dividing the absolute neutrophil count by the 
absolute lymphocyte count. Moreover, we calculated the 
LMR and PLR in a similar way. 

Statistical analysis
The PFS was measured from the date of the first-

line palliative chemotherapy commencement to the 
date of disease progression or death, while the OS 
was measured from the date of the first-line palliative 
chemotherapy commencement to the date of death. 
The cut-off time for the survival follow-up data was 
December 2015. The PFS and OS of patients without 
disease progression or death were censored at the last 

contact date. The survival rates were calculated via the 
Kaplan-Meier method. Using the median as a cut-off, 
the patients were divided into those with low and those 
with high values of NLR, LMR, and PMR. Divisions of pa-
tients in respect of WBC, neutrophil, monocyte, lympho-
cyte, platelet counts, and haemoglobin concentration 
were based on normal values of the respective param-
eters. The relationship between the tested parameters 
and PFS or OS was analysed by a univariate Cox regres-
sion model. A p-value of < 0.05 was considered to be 
significant in all of the analyses. All of the statistical 
analyses were performed with StatsDirect software for 
Windows (StatsDirect Ltd., Altrincham, UK).

Results
A total of 295 patients were included in this study. 

The median PFS was 6.7 months and the median OS 
was 17.6 months. During the follow-up period, 284 
(96%) patients died. 

The patients were predominantly male (59%). The 
median age was 63 years, and the older patients (≥ 70 
years of age) made up one-quarter of the study group. 
Almost the entire population had good performance 
statuses (97% ECOG PS 0–1). More than one-half of the 
patients (55%) suffered from colon cancer, while the 
rest suffered from rectal cancer. In most of the patients, 
distant metastases were diagnosed (86%), and the liver 
was the most common site of involvement (42% liver 
limited disease). With reference to the systemic treat-
ment, only 30% were previously treated with adjuvant 
chemotherapy. The cytotoxic doublet (FOLFOX, CapeOX, 
or FOLFIRI) as the initial systemic therapy for advanced 
disease was administered in 73% of the patients. 

Most of the patients had elevated serum CEA levels 
(78%). Contrarily, the CA 19-9 sensitivity was lower and 
serum levels were increased only in every third person 
(34%). The ALP and LDH levels were elevated in 30% 
and 33%, respectively. However, the listed laboratory 
data was not available for all of the patients, which lim-
its the value of this analysis. 

All of the patients had CBC data. A high white blood 
cell (WBC) count was associated with significantly 
worse PFS (HR = 1.76, p = 0.0015) and OS (HR = 2.43,  
p < 0.0001). This relationship was only found in the 
neutrophils (HR = 1.89, p = 0.0004 for PFS; HR = 2.51,  
p < 0.0001 for OS) and monocytes (HR = 1.38, p = 0.016 
for PFS; HR = 1.82, p < 0.0001 for OS). The lymphocyte 
count did not correlate with the survival (HR = 1.13,  
p = 0.3609) nor the duration of disease control  
(HR = 1.25, p = 0.1115). As expected, those patients 
with anaemia had unfavourable prognoses (HR = 1.36, 
p = 0.017 for PFS; HR = 1.55, p = 0.0005 for OS). An el-
evated PLT also had a negative impact on the outcome, 
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especially on the OS (HR = 1.85, p = 0.0002). Overall, 
our study confirmed the prognostic value of the param-
eters calculated on the basis of a CBC result. A high 
NLR and PLR were associated with shorter survival  
(HR = 1.88, p < 0.0001 for NLR; HR = 1.39, p = 0.0054 
for PLR). For the PLR, we observed only a not significant 
trend toward a worse PFS (HR = 1.25, p = 0.07 for PLR, 
HR = 1.55, p = 0.0004 for NLR). A high LMR was cor-
related with a better prognosis (HR = 0.73, p = 0.011 
for PFS; HR = 0.58, p < 0.0001 for OS). The results of 
the univariate survival analysis are presented in Table I.

Discussion
These encouraging results forced us to deliberate 

over the mechanisms responsible for the relationships 
between the neutrophil, monocyte, lymphocyte, and 
platelet counts in the peripheral blood and carcino-
genesis. Unfortunately, these processes are still poorly 
understood. There are a great deal of data indicating 
the critical role of the local immune response in carcino-
genesis, but the systemic inflammatory response also 
seems to take part in this process [7]. A CBC, in addition 
to the concentrations of the C-reactive protein (CRP) 
and some cytokines (interleukin (IL)-1ra, IL-6, IL-7, IL-8, 
IL-9, IL-12, interferon γ, interferon γ-induced protein 10, 
monocyte chemotactic protein 1, macrophage inflam-
matory protein 1β and platelet-derived growth factor 
BB), as well as hypoalbuminaemia, indirectly reflects the 
activity of the immune system [8–10]. Moreover, CBC 
disorders in cancer patients may be involved in different 
aspects of carcinogenesis, including neoangiogenesis, 
CTCs, immune escape, infiltration, and metastases for-
mation.

Neutrophilia is recognised as an indicator of the 
systemic inflammatory response, and this condition 
is associated with delayed neutrophil apoptosis. The 
circulating granulocyte-macrophage colony-stimulat-
ing factor is a significant inhibitor of neutrophil apop-
tosis in patients with systemic inflammatory response 
syndrome when IL-10 counters the process. These cy-
tokines appear to modulate neutrophil apoptosis by 
altering reactive oxygen species generation in the neu-
trophils [11]. As well as the hypothesis explaining the 
mechanism of neutrophilia, there are studies concerned 
with its role in carcinogenesis. It is suspected that neu-
trophils assist in metastasis by suppressing peripheral 
leukocyte activation, which contributes to the circulat-
ing tumour cells’ (CTCs) survival [12]. Furthermore, the 
interaction with the neutrophils enables the CTCs to 
enter the endothelium as the first step of metastasis 
formation [13]. 

Shibutani et al., in their study encompassing pa-
tients with stage II/III CRC, revealed that the peripher-
al monocyte count was positively associated with the 
density of the tumour-associated macrophages, and 
that a high value was correlated with an unfavourable 
prognosis [14]. There is a hypothesis suggesting that 
cancer cells produce chemokines (such as CCL2) that 
recruit monocytes from the peripheral blood to the tu-
mour [15]. This, in turn, activates the passage of mono-
cytes from the bone marrow to the peripheral blood. 
Thanks to the cytokines present in the cancer microen-
vironment (macrophage colony-stimulating factor, trans-
forming growth factor-β (TGF-β), IL-6, and IL-10), white 
cells differentiate into two phenotypes of macrophages: 
antitumour M1 and procarcinogenic M2 [16]. The latter 

Table I. Results of univariate survival analysis

Parameter Compared value PFS OS

HR (95% CI) P-value HR (95% CI) P-value

WBC N > N 1.76 (1.24–2.49) 0.0015 2.43 (1.73–3.40) < 0.0001

Neutrophils ≤ N > N 1.89 (1.33–2.68) 0.0004 2.51 (1.78–3.54) < 0.0001

Monocytes N > N 1.38 (1.06–1.79) 0.016 1.82 (1.40–2.36) < 0.0001

Lymphocytes ≥ N < N 1.25 (0.95–1.63) 0.1115 1.13 (0.87–1.48) 0.3609

Haemoglobin N < N 1.36 (1.06–1.74) 0.017 1.55 (1.21–1.98) 0.0005

PLT ≤ N > N 1.39 (1.01–1.92) 0.043 1.85 (1.34–2.55) 0.0002

NLR Low High 1.55 (1.22–1.97) 0.0004 1.88 (1.48–2.38) < 0.0001

LMR Low High 0.73 (0.58–0.93) 0.011 0.58 (0.46–0.74) < 0.0001

PLR Low High 1.25 (0.98–1.58) 0.07 1.39 (1.10–1.76) 0.0054

PFS – progression-free survival, OS – overall survival, HR – hazard ratio, CI – confidence intervals, WBC – white blood cells, N – normal value, PLT – platelets, 
NLR – neutrophil-to-lymphocyte ratio, LMR – lymphocyte-to-monocyte ratio, PLR – platelet-to-lymphocyte ratio.
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prevail in the tumour microenvironment and produce 
angiogenic factors (vascular endothelial growth factor 
(VEGF) and tumour necrosis factor-α (TNF-α)) so that 
they facilitate neoangiogenesis and matrix metallopro-
teinase-dependent tumour invasion. 

Lymphopaenia is often observed in those patients 
with advanced cancer, and it has a negative prognostic 
value for survival [17]; however, its mechanism is still 
poorly understood. There is one hypothesis that lymph-
opaenia may reflect pre-existing host immunosuppres-
sion [18]. Cancer cells may also contribute to lympho-
cyte destruction [19] or the disarrangement of their 
pools, and the latter process results from the overpro-
duction of numerous cytokines and mediators and the 
impaired function of dendritic cells [20]. This hypothe-
sis is supported by the observation that lymphopaenia 
coexists with inflammatory symptoms in patients with 
disseminated cancer. Bone marrow metastases and ca-
chexia may also contribute to lymphopaenia [17].

Thrombocytosis can be seen in patients with differ-
ent solid tumours, and it is often a negative prognostic 
factor. It has been suggested that there is a reciprocal 
interaction between cancer cells and platelets, which 
works as a positive feedback loop. Tumour cells directly 
and indirectly activate the platelets via thrombin gen-
eration. They also overexpress certain cytokines (IL-1, 
IL-3, IL-6, IL-11, leukaemia inhibitory factor, KitL, and on-
costatin M) that play roles in tumour-stimulated throm-
bopoiesis [21]. Moreover, the activated platelets assist 
in tumour progression and may protect the CTCs from 
immune surveillance (via the production of platelet-de-
rived growth factor and TGF-β) [22] and promote their 
extravasation and seeding, thanks to the adhesion mol-
ecules (P- and L-selectins) [23]. The platelets can reg-
ulate neoangiogenesis by releasing the proangiogenic 
and antiangiogenic proteins contained in their α gran-
ules, which is essential in metastasis formation [24]. 
Moreover, the TGF-β produced by the platelets probably 
contributes to the epithelial-to-mesenchymal transition 
in tumour metastasis [21, 22]. 

Our study focused on an evaluation of the blood-
based parameters as predictors of the response to sys-
temic treatment or the long-term outcome. It is worth 
underscoring the fact that the complex markers: NLR, 
LNR, and PLR have strong prognostic value. We con-
firmed that a high NLR and a high PLR was a signif-
icant prognostic factor for poor OS, and our findings 
are in agreement with the results of several previous 
meta-analyses [3, 5, 6, 25, 26]. Contrary to the very 
heterogeneous population included in the above-men-
tioned meta-analyses (different tumour stages and 
various treatment methods), we concentrated on those 
patients with advanced CRC who qualified for the first 

line of chemotherapy. One important limitation was the 
lack of an optimal cut-off value. We divided the popu-
lation using a median, which cannot be used in routine 
practice. However, various values were proposed in the 
other studies.

Contrary to the NLR and PLR, a high LMR value has 
a favourable impact on the outcome, and our results are 
in line with those previously published in the literature 
[4, 27]. Additionally, considering the LMR, previous stud-
ies have been concerned mainly with resectable CRC 
[27]. However, we demonstrated that it is a significant 
prognostic marker for the OS and PFS in advanced CRC. 

The strengths of our trial include its quite homog-
enous population, the evaluation of different blood-
based prognostic markers (at the same time), and the 
long follow-up period. However, our study also has 
several important limitations. It was a retrospective 
single-centre trial, so we cannot fully exclude selection 
bias. Moreover, we had no possibility of assessing the 
potential confounding factors, which might affect the 
neutrophil, lymphocyte, platelet, and monocyte counts, 
such as local or systemic infection and other chronic 
diseases. The patients were treated with chemother-
apy only, and not with biologics, and at that time the 
bevacizumab and anti-epidermal growth factor recep-
tor (anti-EGFR) antibodies were not reimbursed in the 
first-line treatment of CRC in our country. Considering 
the limitations of our study, well-designed prospective 
studies with an extended analysis of the abovemen-
tioned aspects of carcinogenesis are required to verify 
the results and apply them in clinical practice.

This study was not supported by the pharmaceutical 
industry.

Conclusions 
The CBC parameters are readily available, reliable, 

and low-cost prognostic and predictive biomarkers, 
which can be easily incorporated into routine practice to 
predict the prognosis and to help determine the optimal 
treatment strategy for patients with metastatic CRC.
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