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1 | INTRODUCTION

Colorectal cancer (CRC) aligns third in terms of incidence -comprising

11% of all cancer diagnoses- and second in terms of mortality

Abstract

Background: The relation between immunity, inflammation, and tumor development
and progression has been emphasized in colorectal cancer widely and the prognosis
is linked to the inflammatory reaction of the host as well as the biological behavior of
the tumor.

Aim: In this study, we aimed to find out the predictive power of C-reactive protein-
lymphocyte ratio (CLR) for in-hospital mortality after colorectal surgery.

Methods and Results: A series of 388 CRC patients were enrolled in the present ret-
rospective study which was conducted in a tertiary state Hospital in Ankara, Turkey.
In-hospital mortality was the main outcome to evaluate the predictive power of
inflammatory markers, while the other outcomes that would be evaluated as separate
variables were LOS in hospital and LOS in ICU.

In this study, there were 260 males and 128 females, and the mean age was 60.9.
The in-hospital mortality rate was 3.4% (n = 13) and age, APACHE Il score and
Charlson comorbidity index score were related to in-hospital mortality statistically.
The mean LOS in the hospital was 13.9 days and LOS in ICU was 4.5 days. The CRP
levels and the CLR levels were higher both in the preoperative and postoperative
periods in the mortality (+) group and the difference was significant statistically
(P = .008/ .002 and .004/ <.001, respectively). CLR in the postoperative period had
the best predictive power with AUC: 0.876.

Conclusion: In conclusion, within the context of our study there appears to be a rela-
tionship between CLR, as measured on day 2 postoperatively, and in-hospital mortal-
ity. It is observed to be more effective than NLR, ALC, and CRP.
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according to GLOBOCAN 2018.% After the identification of the asso-
ciation between tumor growth and the inflammation reaction by Rud-
olf Virchow,2 many studies have investigated the extent of the

inflammatory reactions and the prognostic effect in oncological
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cases.® The relation between innate immunity, inflammation, and
tumor development and progression have been specifically empha-
sized in cases of CRC arising from inflammatory bowel disease (IBD)
and it is concluded that the prognosis of CRC is associated with the
inflammatory reaction of the host as well as the biological behavior of
the tumor.*

The inflammatory response-tumor interaction is extending out
of the

response. It is regulated by proinflammatory cells like natural killer

local tumor environment and provoking a systemic

cells and M1 macrophages, anti-inflammatory cells like type
2 helper T cells. While the other components of immunity, includ-
ing B lymphocytes, neutrophils, eosinophils, mast cells, and plasma
cells collaborate with immunosuppressing and immunoenhancing
cells.>® Cancer progression and the clinical outcomes are linked to
this interaction and systemic response and searched via a variety
of biomarkers.”

These inflammation-related markers are either derived from com-
plete blood count like neutrophil-lymphocyte ratio (NLR) and platelet
related inflammatory markers or derived from routine laboratory tests
like C-reactive protein (CRP). The most concerning inflammatory
markers are NLR, platelet lymphocyte ratio (PLR), CRP, and CRP-
albumin ratio (CAR), and they have been studied in a wide range of
cancer, including breast cancer, CRC, lung cancer, gastric cancer, and
ovarian cancer.”>® The prognostic factors for colorectal cancer are
well-defined as tumor stage, histological grade, lymph node status,
and intravascular invasion, whereas due to the influence of systemic
inflammation in CRC progression, biomarkers offer potential supple-
mental predictive parameters.”*°

In a recent study, it was stressed that neutrophil, platelet, and
CRP levels were related to up-regulation in disease progression while
lymphocyte and albumin values were related to down-regulation in
disease progression for CRC.* Approximately 20% to 40% increment
in the serum levels of acute-phase proteins like CRP in the case of
resectable CRC was reported, while the amount of preoperative or
postoperative level was correlated with poor prognosis.” The
(LMR), the NLR,
-lymphocyte ratio (PLR), and prognostic scores like modified Glasgow

lymphocyte-to-monocyte ratio the platelet

Colorectal
surgery

Benign
pathologies and
urgent surgery

Mortality
| (-)

Prognostic Score (mGPS) and systemic inflammation score (SIS) which
comprise the serum albumin levels, serum C-reactive protein (CRP) or
LMR are the other investigated predictive biomarkers for prognosis in
CRC cases.” 1?13

In this study, we aimed to find out the predictive power of C-
reactive protein- lymphocyte ratio (CLR) for in-hospital mortality after
colorectal surgery and to compare it with the other well-known
inflammatory markers like CRP and NLR. As far as we know, C-
reactive protein- lymphocyte ratio (CLR) has not been investigated as

a prognostic or predictive factor in the CRC cases in the literature.

2 | METHODS

21 | Design and data acquisition
A series of 388 CRC patients were enrolled in the present retrospec-
tive study, which was conducted in the Department of Intensive Care
of a tertiary state Hospital in Ankara, Turkey. The analysis was done
through the institutional database regarding data of patients who
underwent curative surgery with the diagnosis of CRC between June
30, 2015 and July 30, 2018. The inclusion criteria for the study were
defined as histopathology-proven colorectal adenocarcinoma; under-
went curative surgery with tumor-free resection margins; older
than 18 years old; and elective surgery. The patients who under-
went palliative or emergent surgery were excluded from the study.
The other criteria for exclusion were benign pathologies like IBD or
ischemia, history of other malignancies, the requirement for a sec-
ond operation in the first month after CRC surgery, and clinical evi-
dence of autoimmune disorder, systemic inflammation, or infection.
All demographic and clinical data, including gender, age, Acute
Physiologic Assessment, and Chronic Health Evaluation Il (APACHE 1)
score, Charlson Comorbidity Index score, the surgical procedure, and
the outcomes in the postoperative period were derived from the insti-
tutional database. Our study was designed in a retrospective manner
and did not require any specific laboratory test or clinical data other
than obtained data from patients' files or nurse sheets. The

FIGURE 1 The flowchart of

the study population of colorectal

cancer surgery patients after

exclusion of the benign

n=388 pathologies, urgent surgeries and
Mortality reoperated cases in the

+) postoperative period.

n=13 Abbreviations: FPC; familial
polyposis coli, IBD; inflammatory
bowel disease

Malign Reoperated
pathology cases
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TABLE 1 The demographic and descriptive variables of the patients (n = 388) and the statistical assessment according to mortality

Variables Total patients (n = 388)
Age (years, mean * SD) 609 +12.9
Sex (Male) [n (%)] 260 (67)
APACHE Il (mean * SD) 7.9+3.5
Charlson comorbidity index(mean + SD) 57+29
Location of the tumor

Right Colon [n (%)] 205 (52.8)
Left colon [n (%)] 89 (22.9)
Rectum [n (%)] 94 (24.2)
Histological grade

Well-differentiated [n (%)] 98(25.3)
Moderate differentiated [n (%)] 198(51)
Poorly differentiated [n (%)] 92(23.7)
TNM stage

Stage | [n (%)] 64(16.5)
Stage Il [n (%)] 124 (32)
Stage Il [n (%)] 136(35)
Stage IV [n (%)] 64(16.5)
Metastasis [n (%)] 68 (17.5)

Mortality (+) (n = 13) Mortality (=) (n = 375) P
748 £ 6.7 60.4 +£12.8 <.001
8(61.5) 252 (67.2) 341
143+ 6.5 7.7 £31 <.001
8.5+39 56+28 .005
.950
6(46.2) 199 (53.1)
5(38.5) 84 (22.4)
2(15.4) 92 (24.5)
454
2(15.5) 96(25.6)
7 (53.8) 191(50.9)
4(30.7) 88(23.5)
267
3(23) 61(16.3)
2(15.4) 122(32.5)
6(46.2) 130(34.7)
2(15.4) 62(16.5)
3(23.1) 65 (17.3) 593

Note: P-value was determined with either Spearman Rho or Mann-Whitney U test.
Abbreviations: APACHE Il, Acute Physiologic Assessment and Chronic Health Evaluation II; SD, standard deviation; TNM stage, clinical tumor-node-

metastasis stage.

TABLE 2 The operative and postoperative variables of the patients (n = 388) including the outcomes in the postoperative period and the

statistical assessment according to mortality

Variables

Surgical procedure type [n (%)]

Right hemicolectomy [n (%)] 195 (50.3)
Left hemicolectomy [n (%)] 74 (19.1)
Total colectomy [n (%)] 31(8)

Low anterior resection [n (%)] 88 (22.7)
Colostomy rate [n (%)] 119(30.7)
Duration of surgery (hours) (mean + SD) 32+14
LOS in hospital(days) (mean + SD) 139 £ 115
LOS ICU (days) (mean + SD) 45+8.8
Anastamoses leak rate [n (%)] 14 (3.6)

Total patients (n = 388)

Mortality (+) (n = 13) Mortality (=) (n = 375) P
.201

8(61.5) 187 (49.9)

4(30.8) 70(18.7)

0 31(8.3)

1(7.7) 87(23.2)

7(53.8) 112 (29.9) .066

34+14 32+14 .25

233325 13.6 +9.9 .590

20.7 + 335 39+59 <.001

1(7.7) 13(3.5) 423

Note: P-value was determined with either Spearman Rho or Mann-Whitney U test.
Abbreviations: ICU, intensive care unit; LOS, length of stay; SD, standard deviation.

clinicopathological data like tumor location, the histological grade, the
clinical tumor-node-metastasis (TNM) stage [in accordance with the
TNM staging system of the American Joint Committee on Cancer/
Union for International Cancer Control (AJCC/UICC eighth edition,
2017)],** and the laboratory values like NLR, CRP, were also provided
from the institutional database.

In-hospital mortality was the main outcome to evaluate the
predictive power of inflammatory markers while the other out-
comes that would be evaluated as separate variables were length
of stay (LOS) in hospital and intensive care unit (ICU). Preoperative

and postoperative values of absolute neutrophil count (ANC), abso-
lute lymphocyte count (ALC), CRP, NLR, and CLR were the assessed
inflammatory markers in this study. All of these biochemical
markers were analyzed daily as a routine blood test in the preoper-
ative and postoperative periods on a daily basis during their man-
agement in our ICU. The day before surgery and 2 days after the
surgery were determined as time points to evaluate the predictive
power. We chose postoperative day 2 as the time point because in
the previous studies the peak value of CRP was observed 48 hours

after major surgery.1>1¢
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TABLE 3 The values of the chosen inflammatory markers in the preoperative period (Day 0), and the postoperative period (Day 2), the
difference between postoperative and preoperative values were listed and compared according to mortality

Variables Total patients (n = 388) Mortality (+) (n = 13) Mortality (—) (n = 375) P

Preoperative CRP (mg/L) (mean + SD) 27.8+36.3 66.3 + 68 264 +34.1 .008
Postoperative CRP (mg/L) (mean + SD) 114.6 + 78.7 183.3+£95.2 1122 +77.2 .002
CRP difference (mg/L) (mean + SD) 88.8+77.5 117 + 109.6 858 +76.1 125
Preoperative ANC (x10°/I) (mean # SD) 65+4 8.1+55 6.4 +3.9 212
Postoperative ANC (x10%/1) (mean % SD) 7.6 +39 89+58 7.6+3.8 367
ANC difference (x10%/1) (mean * SD) 1.1+45 0.9 +49 1.1+ .45 798
Preoperative ALC (x10%/1) (mean % SD) 1.7+038 14 +£05 1.7+0.8 131
Postoperative ALC (x10%/1) (mean + SD) 13+14 0.7 £0.5 13+.14 <.001
ALC difference (x10%/1) (mean * SD) -05+15 -0.8+0.8 -0.5+15 .128
Preoperative NLR (mean + SD) 49 +53 7+58 49+53 .088
Postoperative NLR (mean + SD) 79+7 21 +16.7 7.5+59 <.001
NLR difference (mean + SD) 29+78 14 + 154 26+71 .001
Preoperative CLR (mg/dL)/(x109/1) (mean + SD) 21.1+33.1 57.1+64.8 19.8 £ 30.9 .004
Postoperative CLR (mg/dL)/(x109/1) (mean + SD) 147.5 £ 363.8 978.9 + 1727 118.7 £ 127.7 <.001

Note: P-value was determined with either Spearman Rho or Mann-Whitney U test.
Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CLR, the ratio of C-reactive protein to lymphocyte count;
CRP, C-reactive protein; NLR, the ratio of neutrophil count to lymphocyte count; SD, standard deviation.

2.2 | Statistical analysis

Continuous variables were expressed as mean and standard deviation
(SD), whereas categorical variables were described as total number
and percentage. The normality of the variables was assessed by Kol-
mogorov Smirnov test and according to the result of this test- vari-
ables did not show normal distribution- nonparametric tests were
utilized. The Spearman rho test and the Mann-Whitney U test were
used to clarify the relation between inflammatory markers and vari-
ables. To compare the predictive power of CLR in 30-day mortality,
the receiver operating characteristic (ROC) curve analysis, and the
area under curves (AUC) were utilized. The optimal cut-off value for
CLR was determined by the Youden index (YI). The IBM SPSS soft-
ware version 25 (IBM SPSS, Armonk, NY) was used for statistical ana-
lyses. Each test was two-tailed and the statistical significance was
stated with a P-value less than .05. This study was designed in a retro-
spective and observational manner and because of that it was
exempted from the ethics committee approval and signed informed
consent.

3 | RESULTS

Between June 2015 and July 2018, 388 patients who underwent
CRC surgery were included in this study after the exclusion of the
190 cases which was described in Figure 1. There were 260 males
and 128 females, and the mean age was 60.9. The demographic and
descriptive variables were listed in Table 1. The in-hospital mortality
rate was 3.4% (n = 13) and age, APACHE Il score and Charlson comor-
bidity index score were related to in-hospital mortality statistically.

TABLE 4 The AUC values of the CRP, ANC, ALC, NLR, and CLR
as the inflammatory markers were compared for the predictive power
of in-hospital mortality

Variable AUC SE 95% ClI P

preopCRP 0.717 0.070 0.580-0.853 .008
postopCRP 0.747 0.048 0.653-0.842 .002
preopANC 0.602 0.083 0.440-0.764 212
postopANC 0.574 0.108 0.362-0.785 .367
preopALC 0.377 0.075 0.229-0.525 131
postopALC 0.185 0.077 0.034-0.337 <.001
NLRpreop 0.639 0.087 0.469-0.809 .088
NLRpostop 0.829 0.074 0.684-0.973 <.001
CLR_pre 0.733 0.071 0.594-0.873 .004
CLR_post 0.876 0.050 0.778-0.974 <.001

Abbreviations: AUC, Area under the curve; Cl, Confidence interval;
CLR_post, the ratio of C-reactive protein to lymphocyte count value in the
postoperative period; CLR_pre, the ratio of C-reactive protein to
lymphocyte count value in the preoperative period; NLR postop, the ratio
of neutrophil count to lymphocyte count value in the postoperative
period; NLR preop, the ratio of neutrophil count to lymphocyte count
value in the preoperative period; postop ALC, absolute lymphocyte count
value in the postoperative period; postop ANC, absolute neutrophil count
value in the postoperative period; postopCRP, C-reactive protein value in
the postoperative period; preop ALC, absolute lymphocyte count value

in the preoperative period; preop ANC, absolute neutrophil count value in
the preoperative period; preopCRP, C-reactive protein value in the
preoperative period; SE, Standard error.

The location of the tumor, the histological grade, and the TNM stage-
even the metastasis- did not differ between mortality (+) and mortality

(=) groups statistically (P > .05). Among the 13 who died, the most
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FIGURE 2 The ROC curves of the CRP, ANC, ALC, NLR, and CLR
as the inflammatory markers were compared for the predictive power
of in-hospital mortality. Abbreviations: CLR_post, the ratio of C-
reactive protein to lymphocyte count value in the postoperative
period; CLR_pre, the ratio of C-reactive protein to lymphocyte count
value in the preoperative period; NLR postop, the ratio of neutrophil
count to lymphocyte count value in the postoperative period; NLR
preop, the ratio of neutrophil count to lymphocyte count value in the
preoperative period; postop ALC, absolute lymphocyte count value in
the postoperative period; postop ANC, absolute neutrophil count
value in the postoperative period; postopCRP, C-reactive protein
value in the postoperative period; preop ALC, absolute lymphocyte
count value in the preoperative period; preop ANC, absolute
neutrophil count value in the preoperative period; preopCRP, C-
reactive protein value in the preoperative period
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common reasons for in-hospital mortality were cardiovascular disease
(acute myocardial infarction and arrhythmia; n = 4), respiratory disease
(pneumonia and acute exacerbation of chronic obstructive pulmonary
disease; n = 6), and sepsis (n = 2). In one patient, the cause of death
was acute respiratory failure after stroke. As it was described in detail
in Table 2, the operative variables like surgical procedure type and the
duration of surgery, and the postoperative outcomes like the length of
stay (LOS) in hospital and intensive care unit (ICU) did not differ
between groups as well. The mean LOS in hospital was 13.9 days and
LOS in ICU was 4.5 days. The anastomoses leak rate was 3.6%
(n = 14) and did not correlate with mortality statistically (P = .423). In
Table 3, the levels of the inflammatory markers in the preoperative
and postoperative periods were given and compared according to the
in-hospital mortality. The CRP levels and the CLR levels were higher
both in the preoperative and postoperative periods in the mortality (+)
group and the difference was significant statistically (P = .008/.002
and .004/ <.001, respectively). Postoperative the ALC and the NLR
levels differed statistically (P < .001) while the difference was not sig-
nificant in the preoperative period (P = .131 and .088, respectively).
The statistical difference was not observed in the ANC levels both in
the preoperative and postoperative periods as well (P = .212 and .367,
respectively).

The predictive power of the inflammatory markers for in-hospital
mortality was compared by AUC and ROC curves in Table 4 and
Figure 2. It was clearly shown that the CLR had the best predictive
power and especially CLR in the postoperative period was the best
with AUC: 0.876 (95% Cl, 0.778-0.974; P <.001). The second best
predictor for in-hospital mortality was postoperative NLR (AUC:
0.829, 95% Cl, 0.684-0.973; P < .001). The ROC curve was detailed
for postoperative CLR value in Figure 3 and the cut-off value was

(B)

100

80
' Sensitivity: 76,9 ' '
- Specificity: 90,7 . ' g
| Criterion: >258,8442 | § o7
1) S I T S L O

Sensitivity

=~
o
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FIGURE 3 The ROC curves of the CLR in the preoperative and postoperative periods were compared for the predictive power of in-hospital
mortality with A and B. Abbreviations: AUC, area under the curve; CLR_post, the ratio of C-reactive protein to lymphocyte count value in the
postoperative period; CLR_pre, the ratio of C-reactive protein to lymphocyte count value in the preoperative period; ROC curve, receiver

operating characteristic curve
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determined by the Youden index (256.84). The sensitivity and speci-
ficity were high enough to rely on postoperative CLR as a prognostic
indicator (76.9 and 90.7, respectively). Yet, the sensitivity and speci-
ficity of preoperative CLR were lower likewise AUC (69.2 and 73.6,
respectively, AUC: 0.733, P = .002).

4 | DISCUSSION

Colorectal cancer (CRC) continues to be a global and considerable
health problem despite advancements in early diagnosis and proper
management. In Turkey, 20 031 new CRC cases were reported by
GLOBOCAN 2018 and it is the third most common cancer both in
males and females.! Surgery is still the main treatment strategy while
postoperative mortality and morbidity along with recurrence or dis-
tant metastasis are still bothering the surgeons and intensivists. The
5-year survival was estimated as 50% for CRC and this poor overall
prognosis leads to studies for the identification of ideal biomarkers for
morbidity and mortality.x” However, there is not any proven ideal bio-
markers for CRC yet new inflammation-related laboratory parameters
or indices are investigated. We hypothesized that the ratio of CRP to
ALC (CLR) - which were related to up-regulation and down-regulation
in cancer progression, respectively - was comparable and even supe-
rior to other well-known and investigated traditional inflammatory
markers like CRP and NLR. To compare the CLR with other markers
after CRC surgery, we analyzed the predictive power of CLR for in-
hospital mortality and the association with surgical outcomes which
were easy to obtain via the institutional database. To avoid bias about
surgical technique complications and infectious complications we
excluded the reoperated cases from the study population.

CRP, NLR, and PLR were associated with poor survival in patients
with CRC, gastric cancer, ovarian cancer, breast cancer, and nonsmall
lung cell cancer yet the association between postoperative outcomes
and CLR levels in the patients with CRC was not studied as far as we
know.*® Zou et al* concluded that the preoperative NLR was a signifi-
cant independent prognostic factor in patients with CRC similar to
other studies.?® Some researchers investigated the combination of
CRP and albumin (CAR) and some researchers combined CRP and
lymphocyte value.!''” In a recent meta-analysis, Lagunas-Rangel
et al*® emphasized that decreased lymphocyte- CRP ratio (LCR) levels
reflect an enhanced inflammatory process and poor prognosis in
severe coronavirus disease 2019. Okugawa et al emphasized the use-
fulness of LCR in the appropriate management of patients with gastric
cancer,?® and in CRC.*! In the second study, he deduced that the
combination of lymphocyte count along with C-reactive protein levels
was more correlated with recurrence, overall survival (OS), and
disease-free survival (DFS) than other biomarkers in CRC patients.*!
Also, Daldal et al?* concluded that low LCR values could be used as
poor prognosis predictors in malignant bowel obstruction cases. The
only CLR- cancer relation investigated study was about the prognosis
of hepatocellular carcinoma after surgical resection.?? Although our
study did not evaluate these factors -OS or DFS- and assessed short

term prognosis, the relatively high correlation with CLR and clinical

outcomes gave a clue about the clinical feasibility of CLR in CRC
patients. The other parameters like the gender of the patient, location,
histological grade, and TNM stage of the tumor, duration of the sur-
gery, and the surgical procedure type did not affect the in-hospital
mortality.

5 | CONCLUSION

In conclusion, within the context of our study there appears to be a
relationship between CLR, as measured on day 2 postoperatively, and
in-hospital mortality. It was observed to be more effective than NLR,
ALC, and CRP. Hence, the predictive power should be assessed with
prospective controlled studies, but we believed that CLR has the
potential to complete the missing piece of the puzzle as a prognostic

biomarker in CRC patients.

6 | LIMITATIONS

Besides the findings of our study, there were some limitations to con-
clude more specific determinations. Being a single-center, small-scale,
and short-termed follow-up study were the main limitations. The ret-
rospective and cohort nature of this study were the other limitations.
Prospective multi-center studies would be more accurate to confirm
these initial results.
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