
Abstract. Background/Aim: Several studies have demonstrated
the usefulness of C-reactive protein (CRP) or cellular
components obtained from complete blood count as prognostic
indicators in colorectal cancer (CRC) patients. The aim of this
study was to investigate the prognostic significance of the
combination of CRP and blood cellular components in CRC
patients. Patients and Methods: A total of 463 patients who
underwent curative surgery for CRC were enrolled in this
study. Results: ROC analysis revealed that the values of area
under the curve of neutrophil, lymphocyte, platelet, and
monocyte counts (MC) for overall survival (OS) were 0.594,
0.513, 0.553, and 0.625, respectively. Using cut-off values
derived from ROC analysis, patients were divided into the
following groups, CRPHigh, CRPLow, MCHigh, and MCLow.
The 5-year OS rates of CRPHigh and MCHigh, CRPHigh and
MCLow, CRPLow and MCHigh, and CRPLow and MCLow
patients were 60.2%, 75.7%, 82.1%, and 88.3%, respectively
(p<0.0001). Multivariate analysis revealed that the
combination of serum CRP levels and MC was an independent
prognostic indicator. With regard to the cause of death, the
combination of CRP and MC was significantly associated with
both cancer-related and unrelated death. Conclusion: The
combination of CRP and MC is useful in predicting the
prognosis in CRC patients.

Colorectal cancer (CRC) is one of the most commonly
diagnosed cancers. Although the prognosis of CRC patients
has improved with recent advances in surgical techniques and
chemotherapy, including molecularly targeted drugs, CRC
remains the fourth cause of cancer death worldwide (1).
Therefore, identifying factors that are predictive of prognosis
is critical for establishing appropriate treatment strategies and
improving long-term outcome of CRC patients.

Accumulating evidence has shown that tumor markers
(TMs), such as carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9, are useful in predicting long-term
survival in CRC patients (2, 3). These TMs are frequently
used in clinical settings because they can be measured
quickly, noninvasively, and relatively inexpensively. While
the origin of a TM is the tumor itself, recent studies have
demonstrated that host-related indicators that reflect
inflammation, nutrition, and immunity are also closely
related to the prognosis of CRC patients (4-7). 

The host systemic inflammatory response is associated
with tumor development and progression. C-reactive protein
(CRP) is one of the most frequently used markers for
systemic inflammatory response and is a useful prognostic
indicator in various types of cancers, including CRC (8-10).
Complete blood count (CBC) data is routinely available to
clinicians and includes the concentrations of neutrophils,
monocytes, and platelets that are closely related to the
inflammation status of patients. CBC data have been
correlated with the prognosis of cancer patients (11-14).
Recently, several indicators, such as neutrophil to lymphocyte
ratio, thrombocyte to lymphocyte ratio, and lymphocyte to
monocyte ratio, have been developed using CBC data. These
indicators are also thought to reflect inflammation and have
been associated with prognosis for various cancers (15-18).
Furthermore, these indicators seem to be more useful
prognostic indicators than the usage of neutrophil, monocyte,
or thrombocyte counts. However, the precise combination of
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inflammation markers that can precisely predict prognosis of
CRC patients has remained unclear. Therefore, the aim of this
study was to identify the best combination of inflammatory
markers that can be obtained from blood analysis as a
prognostic indicator in CRC patients.

Patients and Methods
Patients. This retrospective study included 463 patients who
underwent curative surgery for stage I–III CRC at Tottori University
Hospital, Japan between January 2007 and December 2015. Patients
who underwent emergent surgery or received antibiotics for
infectious disease before surgery were excluded. The
clinicopathologic findings were assessed according to the eighth
edition of the Japanese Classification of Colorectal Carcinoma (19).
Patients were periodically examined for early recurrence by
diagnostic imaging (chest X-ray, colonoscopy, ultrasonography, and
computed tomography). Causes of death and patterns of recurrence
were determined by reviewing medical records, including laboratory
data, ultrasonography, computed tomography, scintigrams, and
laparotomies, or by direct inquiry with family members. Serum CRP
and CEA levels and peripheral neutrophil, monocyte, lymphocyte,
and platelet counts were measured preoperatively (within 1 month
before operation). Institutional review board approval was obtained,
and the informed consent requirement was waived for this study.

Ethical approval. All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Statistical analysis. Categorical variables were compared using Chi
square test. Spearman rank correlation coefficient was used to
analyze the correlation between serum CRP levels and peripheral
monocyte count (MC). The Youden index was calculated using
receiver operating characteristic (ROC) analysis to determine an
optimal cutoff value for survival analysis. Survival curves were
calculated according to the Kaplan–Meier method. Differences

between the curves were identified using the log-rank test. Univariate
and multivariate analysis of factors considered prognostic of overall
survival (OS) were performed using Cox’s proportional hazards
model. p<0.05 was considered to indicate statistically significant
difference. Statistical analyses were performed using GraphPad
Prism (GraphPad Software, Inc., La Jolla, CA, USA) and Stat View
(Abacus Concepts, Inc., Berkeley, CA, USA) software.

Results

ROC analysis revealed that the area under the curve (AUC)
of neutrophil, lymphocyte, monocyte and platelet counts for
OS were 0.594, 0.513, 0.625, and 0.553, respectively.
Among the blood cellular components that could be obtained
from CBC, MC had the highest AUC value and was used for
subsequent analysis.

ROC analysis indicated that 0.145 and 455.5 had the
highest Yoden indices (sensitivity + specificity - 1) for serum
CRP levels and MC, respectively, and these values were
considered to be optimal cut-off values. Patients were divided
into the following groups based on the cut-off values: CRPHigh
(CRP≥0.145; n=216), CRPLow (CRP<0.145; n=247), MCHigh
(MC≥455.5; n=226), and MCLow (MC<455.5; n=237). 

The 5-year OS rates of CRPHigh patients were
significantly lower than those of CRPLow patients (66.3% vs.
85.7%, respectively, p<0.0001, Figure 1a). The 5-year OS
rates of MCHigh patients were also significantly lower than
those of MCLow patients (69.2% vs. 83.7%, respectively,
p=0.0005, Figure 1b). Figure 2 shows the correlation
between serum CRP level and peripheral MC. Although there
was a statistically significant positive correlation between
them, the correlation coefficient was relatively low (r=0.35,
p<0.0001; Figure 2). Therefore, the combination of CRP
with MC may be more useful in predicting the prognosis of
CRC patients than the single use of either CRP or MC. 
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Figure 1. Overall survival curves according to serum C-reactive protein levels and peripheral monocyte count. (a) C-reactive protein levels. (b)
Monocyte count.



The 5-year OS rates of CRPHigh and MCHigh patients,
CRPHigh and MCLow patients, CRPLow and MCHigh patients,
and CRPLow and MCLow patients were 60.2%, 75.7%,
82.1%, and 88.3%, respectively, and the difference was
statistically significant (p<0.0001; Figure 3). Patients in the
CRPLow and MCLow, CRPLow and MCHigh, CRPHigh and
MCLow, and CRPHigh and MCHigh groups were then assigned
0, 1, 2, and 3 in order of the 5-year OS rates, respectively,
to perform ROC analysis according to the previous study
(20). ROC curves were constructed for the survival status,
and AUC values were compared to assess the discrimination
abilities of serum CRP levels, peripheral MC, and the
combination of CRP and MC. Among the three prognostic
scores, the combination of CRP and MC had the highest
AUC value (0.693), followed by CRP (AUC, 0.661) and MC
(AUC, 0.625). These findings indicate that the combination
of CRP and MC was more useful in predicting the prognosis
of CRC patients than the single use of either CRP or MC. 

Univariate analysis indicated that age, tumor size,
operative approach, depth of tumor invasion, serum CEA
level, and the combination of serum CRP level and MC were
prognostic indicators (Table I). Parameters with p<0.1 in
univariate analysis were then examined by multivariate
analysis. Multivariate analysis revealed that the combination
of serum CRP level and MC was an independent prognostic
indicator, along with age, depth of invasion, and serum CEA
level (Table I). With regard to the cause of death, the
combination of CRP and MC was significantly associated
with both cancer-related and unrelated death (Figure 4).

Discussion

Establishing novel noninvasive prognostic indicators from
hematological and serological variables for cancer has been
the focus of current research. In this regard, markers that

reflect the inflammation status of patients attract considerable
attention, as multiple studies have demonstrated a role for
inflammation in tumor progression. CRP is one of the most
frequently used serum markers in the evaluation of
inflammation status. CRP is an acute-phase reactant that is
synthesized by hepatocytes and regulated by proinflammatory
cytokines, particularly IL-6 (21). CRC cells produce high
levels of IL-6 (22, 23), and tumor growth or invasion induces
inflammation of the surrounding tissue, also resulting in the
production of IL-6. Therefore, increased serum CRP levels are
often observed in cancer patients, including CRC patients.
Indeed, preoperative CRP levels were shown to be a
prognostic indicator in patients with CRC, esophageal cancer,
and cervical cancer (8-10). We have also recently
demonstrated that the preoperative serum CRP levels are
useful in predicting prognosis in CRC patients (7).
Furthermore, CRP-based prognostic indicators have been
recently developed to predict the prognosis of cancer patients
more precisely than CRP alone. The Glasgow prognostic score
is CRP-based and is a useful prognostic indicator in CRC
patients (24). The CRP to albumin ratio is also a CRP-based
prognostic indicator that has been shown to be useful in
predicting the prognosis of CRC patients (25). We have
recently demonstrated that the platelet×C-reactive protein
multiplier value, another CRP-based prognostic indicator, was
significantly related to prognosis of gastric cancer patients
(26). Because platelet count can be obtained from routine
CBC, the evaluation of the platelet×C-reactive protein
multiplier value is convenient and non-invasive. However,
other cell data can also be obtained from CBC and are closely
related to inflammation status, such as neutrophils and
monocytes. These cell counts might also be effective in
combination with CRP in predicting the prognosis of CRC
patients. ROC analysis demonstrated that the AUC value of
MC was higher than those of neutrophils, lymphocytes, and
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Figure 2. Correlation between serum C-reactive protein (CRP) levels
and peripheral monocyte count (MC).

Figure 3. Overall survival curves according to serum C-reactive protein
(CRP) levels and peripheral monocyte count (MC).



platelet counts. The prognosis of MCHigh patients was
significantly worse than that MCLow patients. Accumulating
studies have suggested that increased MC could be an
indicator of various inflammatory diseases (27, 28). In
addition, monocytes suppress the host immune response to
cancer. In this regard, we have previously demonstrated that
peripheral monocytes have increased PD-L1 expression, the
ligand of PD-1, in gastric cancer patients (29). Mounting
evidence suggests that PD-L1 expression on solid tumors
dampens antitumor T-cell responses (30-35) because PD-L1
delivers a co-inhibitory signal to T cells upon binding to PD-
1, which results in impaired function of T cells. Other studies
have demonstrated that cytotoxic tumor-infiltrating T
lymphocytes and tumor-infiltrating CD45RO+ memory T cells
are closely associated with prognosis in cancer patients (36,
37). It is likely that PD-L1-expressing monocytes dampen
their function, which results in poor prognosis. Furthermore,
a recent study has shown that tumor-associated macrophages
expressed PD-1 as well as PD-L1, and PD-1 expression in
tumor-associated macrophages correlates negatively with
phagocytic potency against tumor cells, which is closely
associated with impaired tumor immunity (38). These findings
indicated that monocytes are closely associated with both
inflammation status and immunosuppression in cancer patients
and supported the association between high MC and poor
prognosis in this study. 

Prediction of postoperative prognosis in CRC patients is
important in determining treatment strategy. Both CRP and

MC are closely related to patient inflammation status and our
study revealed a significant positive correlation between
CRP and MC. However, the correlation coefficient was
relatively low. Therefore, we considered that the combination
of CRP with MC was more useful in predicting the prognosis
of CRC patients than either CRP or MC alone. ROC analysis
revealed that the combination of CRP and MC had the
highest AUC value compared with CRP or MC alone. These
findings indicated that the combination of CRP and MC was
more useful for predicting the prognosis of CRC patients
than the single use of CRP or MC. Furthermore, multivariate
analysis revealed that the combination of CRP and MC was
an independent prognostic indicator. Recent progress in
chemotherapy has improved the prognosis of unresectable
advanced and recurrent CRC (39), while early detection of
recurrence has been shown to increase survival after curative
colectomy for CRC (40, 41). Therefore, the identification of
indicators that accurately predict prognosis in CRC patients
is critical. The combination of CRP and MC may help in
detecting patients who are at high risk of recurrence and
need intensive follow-up even after curative surgery.

With regard to the cause of death, the combination of
CRP and MC was closely associated with not only cancer-
related death but also cancer unrelated death. The incidence
of CRC among the elderly has been increasing in Japan due
to the extended life span of the general population. Similar
trends are noted worldwide (42). As the functions of various
organs are often compromised with age, it is extremely
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Table I. Univariate and multivariate analyses of prognostic factors for overall survival in patients with colorectal cancer.

                                                                                                     Univariate analysis                                                         Multivariate analysis

                                                                                  p-Value                HR                    95%CI                 p-Value                  HR                  95%CI

Age (≥70 vs. <70) <0.0001               2.345             1.564-3.5141 <0.0001 2.256             1.503-3.384
Gender (male vs. female) 0.13                   1.350              0.919-1.980 
Tumor size (≥4 cm vs. <4 cm) 0.016                 1.585              1.091-2.304 0.59 1.128             0.728-1.746
Tumor location (colon vs. rectum) 0.16                   1.333              0.890-1.996
Histology (undifferentiated vs. differentiated)a 0.47                   1.236              0.693-2.208
Operative approach (open vs. laparoscopy) 0.0001               2.129              1.442-3.142 0.064 1.473             0.978-2.218
Depth of invasion (T3/T4 vs. T1 /T2)b 0.0002               2.506              1.558-4.032 0.045 1.754             1.013-3.040
Lymph node metastasis (present vs. absent) 0.14                   1.337              0.907-1.973
Lymphatic invasion (ly 2/3 vs. ly 0/1)c 0.11                   1.364              0.938-1.980
Vascular invasion (v 2/3 vs. v 0/1)d 0.11                   1.383              0.939-2.037
CEA level (≥5 ng/ml vs. <5 ng/ml) <0.0001               2.478              1.703-3.606 0.0016 1.899             1.277-2.826
CRP level and MCe <0.0001                                                0.0004

CRPHigh/MCHigh vs. CRPLow/MCLow <0.0001               3.914              2.233-6.862 0.0002 2.985             1.681-5.299
CRPHigh/MCLow vs. CRPLow/MCLow 0.0061               2.477              1.291-4.630 0.2 1.549             0.793-3.026
CRPLow/MCHigh vs. CRPLow/MCLow 0.051                 1.923              0.996-3.712 0.19 1.564             0.807-3.030

CEA: Carcinoembryonic antigen; CRP: C-reactive protein; MC: monocyte count; HR: hazard ratio; CI: confidence interval. aDifferentiated: papillary
or tubular adenocarcinoma; undifferentiated: poorly differentiated, mucinous adenocarcinoma, or signet-ring cell carcinoma; bT1, tumor invasion
of the lamina propria or submucosa; T2, tumor invasion of the muscularis propria; T3, tumor invasion of the subserosa or within adventitia; T4,
tumor penetration of the serosa or tumor invasion of adjacent organs; cLy0-Ly3, grade of lymphatic invasion; dV0-V1, grade of vascular invasion;
eCRPHigh or CRPLow: serum CRP level ≥or <0.145 (respectively); MCHigh or MCLow: peripheral MC ≥ or <455.5 (respectively).



important to consider patient-related factors, including the
presence of comorbidity, as well as cancer-related factors
when deciding the treatment strategy for elderly CRC
patients. However, deciding the treatment strategy in elderly
patients can be difficult. The combination of CRP and MC
may be helpful for surgeons to establish treatment strategies
in elderly CRC patients.

Our study has some limitations. First, some bias was
present because the study was retrospective. Second, the
optimal cut-off values for CRP and MC remain unclear
and may be different in various types of cancers. Third,
the number of patients included in the current study is
small. Therefore, these results must be confirmed in a
large-scale trial.

In conclusion, the combination of CRP and MC is useful
in predicting the prognosis in CRC patients. Because
measuring serum CRP level and MC is quick, easy, and non-
invasive, the combination of CRP and MC may be a useful
prognostic indicator in routine clinical settings and may be
helpful for surgeons to make decisions on treatment strategy
in CRC patients.
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