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Prognostic implication of systemic inflammatory markers
in young patients with resectable colorectal cancer

Suk-young Lee’, Sun Il Lee?, Byung-Wook Min?, Sang Cheul Oh®

'Division of Hemato-Oncology, Department of Internal Medicine, Wonkwang University School of Medicine, Gunpo, Korea
2Department of Surgery, Korea University College of Medicine, Seoul, Korea
SDivision of Oncology and Hematology, Depariment of Infernal Medicine, Korea University College of Mediicine, Seoul, Korea

Purpose: The prognosis of young colorectal cancer (CRC) patients has not fully been addressed. The prognostic
significance of systemic inflammatory markers was examined in those patients.

Methods: A total of 965 patients with resectable CRC were divided into young (< 50 years, n = 101) and old groups (>51
years, n = 864). Neutrophil-to-lymphocyte ratio (NLR) > 5, derived NLR (dNLR] > 3, lymphocyte-to-monocyte ratio (LMR]
< 2, platelet-to-lymphocyte ratio (PLR) > 150, and prognostic nutritional index (PNI) < 45 were analyzed for prognosis.
Overall survival (0S) and progression-free survival (PFS) were compared using the log-rank test. A multivariate analysis
was performed using a Cox proportional hazards regression model.

Results: In the young group, NLR > 5, LMR < 2, and PNI < 45 were significantly associated with OS with univariate
analyses. dNLR > 3 and those markers showed significance for PFS. LMR < 2 was a significant marker for poor PFS (hazard
ratio [HR], 5.81; P = 0.020) in the multivariate analysis. In the old group, all inflammatory markers were significantly
associated with 0S and PFS with univariate analyses. LMR < 2 (HR, 2.66; P =0.016) and PNI < 45 (HR, 2.14; P = 0.016) were
independently associated with OS in multivariate analyses. PLR > 150 (HR, 1.45; P = 0.036) and PNI < 45 (HR, 1.73; P = 0.002)

were significant markers for PFS.

Conclusion: Systemic inflammation might be one of biologic factors that influence on prognosis of young CRC.

[Ann Surg Treat Res 2021;100(1):25-32]
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INTRODUCTION

Colorectal cancer (CRC) is the third leading cause of cancer
mortality worldwide [1]. Although the incidence of CRC in
patients older than 50 years is decreasing, its steady increase
has been reported in young patients [2,3]. Despite many studies
on young-onset CRC, no consistent results have been reported
on the prognosis and disease characteristics. Some studies have
reported that the prognosis of young-onset CRC was poorer

than that of old-onset CRC [4,5], while others have reported
better survival for young patients [6,7]. Stage-stratified survival
has been reported to be favorable for young patients with stage
Il and IV CRC [8]. Several clinical factors have been suggested to
explain why young CRC patients have a better prognosis; better
fitness, fewer comorbidities affecting surgical recovery, lower
surgical mortality, and better tolerance of adjuvant therapy
[9,10]. A higher prevalence of hereditary colon cancer such as
Lynch syndrome has been suggested as another explanation for

Received May 11,2020, Revised August 24, 2020,
Accepted September 17, 2020

Corresponding Author: Suk-young Lee

Division of Hemato-Oncology, Wonkwang University Sanbon Hospital,
321 Sanbon-ro, Gunpo 15865, Korea

Tel: +82-31-390-2212, Fax: +82-31-390-2244

E-mail: totokee777@naver.com

ORCID: https://orcid.org/0000-0003-3738-5090

- This study was presented at the International Society for Gastrointestinal
Hereditary Tumours (InSIGHT) 2019 Meeting in Auckland on 21 March,
2019.

Copyright © 2021, the Korean Surgical Society

(€0 Annals of Surgical Treatment and Research is an Open Access Journal. All
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Annals of Surgical Treatment and Research

25


https://orcid.org/0000-0003-3738-5090

26

Annals of Surgical Treatment and Research 2021;100(1):25-32

better survival [9]. The possibility that adverse clinicopathologic
features of young-onset CRC might lead to an inferior prognosis
has been suggested, but recent studies describing disease
characteristics discrepant from overall survival (OS) have raised
disease biology as a factor that might influence the prognosis of
young patients [6-8].

Because chronic inflammation plays a substantial role in the
development of various cancers [11], many previous studies
have tried to clarify the link between cancer and systemic
inflammation. In fact, a considerable body of evidence suggests
that systemic inflammatory markers, represented by ratios
of different WBCs or platelets, can predict the prognosis of
various cancers, including CRC. The main immune cells related
to cancer progression are neutrophils and monocytes such as
macrophages [11,12]. Circulating neutrophils and monocytes
giving rise to tumor-infiltrating macrophages are reported to be
elevated along with increased myelopoiesis in cancer patients
[12]. Platelets are involved in cancer progression through
platelet-mediated recognition of cancer cells, which can lead to
suppression of immune recognition and a subsequent failure to
eradicate cancer cells [13]. In contrast to the role of the innate
immune response, lymphocytes responsible for the adaptive
immune system tend to exert anti-tumor effects through
immunosurveillance [14]. A high neutrophil-to-lymphocyte
ratio (NLR), one of the most concretely validated markers, is
a poor prognostic factor in patients with perioperative and
metastatic CRC [15,16]. Another inflammatory marker, the
derived NLR (ANLR) has a prognostic value similar to that of
the NLR [1718]. The lymphocyte-to-monocyte ratio (LMR) has
also been examined in CRC, and a low LMR is associated with
poor prognosis [19,20]. Platelets are also useful in predicting
the prognosis of CRC. A previous meta-analysis suggested
that a high peripheral platelet-to-lymphocyte ratio (PLR) was
significantly associated with poor OS in CRC [21].

Several studies have addressed the characteristics of young
CRC patients, but prognostic factors for them have scarcely
been investigated at all. Based on previous results, we thought
that age might not be the only factor that determines prognosis
of CRC patients. To look into the biologic factors that influence
the prognosis of young CRC patients, we examined the effects
of systemic inflammation on OS and progression-free survival
(PFS) in young patients with resectable CRC.

METHODS

We retrospectively analyzed the data from 965 patients
diagnosed with stage 0-III CRC at Korea University Guro
Hospital between December 2003 and December 2017. The
number of patients in <50 years (young patients) was 101, and
the other 864 subjects (old patients) were >50 years. Patients
treated with curative surgical or endoscopic resection, with or

without adjuvant chemotherapy, were included in this study.
Patients harboring primary cancers originating in =2 organs,
with predisposing inflammatory bowel disease, or metastatic
disease (including resectable liver or lung involvement) were
excluded. This study was performed according to the principles
of the Declaration of Helsinki, 1964, and the Institutional
Review Board (IRB) of Korea University Guro Hospital approved
the study protocol (No. 2018GR0242). Informed consent was
waived by the IRB.

CRC diagnoses and histology classifications were made by
well-experienced pathologists using surgically or endoscopically
resected colorectal tissue. The stage of disease was determined
according to the 8th edition of the American Joint Committee
on Cancer (AJCC) staging manual [22]. Tumors located proximal
to the splenic flexure were regarded as right-sided, and tumors
lodged from the descending colon to the rectum were left-sided
CRC. The microsatellite instability (MSI) test was performed
with PCR using a panel of 5 markers for microsatellites
containing 2 mononucleotide repeats (BAT25 and BAT26) and
3 dinucleotide repeats (D5S346, D2S123, and D175250). MSI-
high (MSI-H) tumors were defined as having instability in 2
or more markers, and MSI-low (MSI-L) tumors were defined
as having instability in 1 marker. Tumors with no instability
were classified as microsatellite stable (MSS) tumors [23].
Tumors with deficient expression in 1 of 4 mismatch repair
(MMR) proteins in immunohistochemical staining were also
regarded as MSI-H without regard to the results of the MSI test.
Patients harboring pathogenic mutations for 1 of 4 MMR genes
in a germline mutation analysis and those who fulfilled the
Amsterdam criteria were diagnosed with Lynch syndrome. A
germline mutation for the APC gene was analyzed to diagnose
familial adenomatous polyposis. Body mass index (BMI) was
calculated as an individual's body mass (kg) divided by the
square of height (m?). BMI > 25 kg/m’ was defined as obese
based on the Asia-Pacific criteria.

Differential WBC counts, platelet, and albumin measured
at CRC diagnosis were collected for analyses. The systemic
inflammatory markers analyzed were the NLR, LMR, PLR,
dNLR, and prognostic nutritional index (PNI). The dNLR
and PNI were calculated with the following equations,
respectively: dNLR = absolute neutrophil count/WBC count-
absolute neutrophil count [17], PNI = albumin (g/L) + (5 X
total lymphocyte count X 10%/uL) [24]. Cut-off levels for the
systemic inflammatory markers were determined on the basis
of previously reported thresholds: NLR > 5 [25], dNLR > 3 [17],
LMR < 2, PLR > 150 [19], and PNI < 45 [24].

Patients were divided into 2 groups (young vs. old) to
examine the association of systemic inflammatory markers
with OS and PFS. The chi-square test and t-test were employed
to compare clinical characteristics between young and old age
groups. Differences in OS and PFS were analyzed using clinical
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parameters: age (>50 years); tumor stage; anatomical location
of tumors (right vs. left); BMI (=25 kg/m?); MSI (MSI-H vs. MSI-L
and MSS); histologic features: differentiation of tumors (well-
differentiated, moderately differentiated, poorly differentiated,
mucinous adenocarcinoma, and unspecified differentiation);
lymphatic invasion; perineural invasion; venous invasion of
tumors; and the systemic inflammatory markers with cut-off
levels described above. Initially recorded continuous laboratory
variables were dichotomized for ease of statistical analysis. OS
was defined as the period from the date of curative resection
to the date of death from any cause. PFS was calculated from
the date of curative resection to the date of documentation of
progressive disease or death from any cause. The Kaplan-Meier
method was used to estimate OS and PFS, and the log-rank
test was used to compare OS and PFS according to the selected
parameters. Significant risk factors found in logrank test were
included in multivariate analyses. A multivariate analysis was
performed with a Cox proportional hazards regression model
to address independent significant factors for OS and PFS. The
results are described as hazard ratios (HRs) and 95% confidence
intervals (CIs). P < 0.05 was considered statistically significant.
Statistical analyses were performed using IBM SPSS Statistics
ver. 20 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS

The characteristics of the 965 patients with resectable CRC
are summarized in Table 1. The median age at diagnosis was 46
years (range, 30-50 years) and 67 years (range, 51-93 years) in
the young and old groups, respectively. The number of patients
with a family history of CRC in a first- or second-degree relative
was 8 and 3, respectively, in the young group. In the old group,
18 of 20 patients had a family history of CRC in a first-degree
relative. Tumors harboring MSI-H were found in 8 young and 40
old patients. Lynch syndrome was diagnosed in 21 (2.4%) and
7 patients (6.9%) in the old and young groups, respectively (P =
0.011). A germline mutation of the APC gene was documented
in 2 young patients. Tumors were more frequently found in
the left colon in both groups. Moderately differentiated CRC
was the most common histology type in both age groups. The
proportion of patients with synchronous CRC was comparable
between the young (3.0%) and old groups (3.8%) (P = 0.670).
Almost 1/3 of the patients in each group were diagnosed at
stage . Minimal differences were observed between the 2
groups in the proportion of patients with venous (3.0% in
the young group and 3.1% in the old group, P = 0.932) and
perineural (9.9% in the young group and 11.5% in the old group,
P = 0.640) invasion. Lymphatic invasion was documented
in 16.8% of the patients in each age group (P = 0.990). Young
patients (54.5%) received adjuvant therapy more frequently than
old patients (39.9%) did (P = 0.005). Patients in stage I received

Table 1. Characteristics of patients with colorectal cancer (n
=965)

Age group (yr)

Characteristic P-value

<50 (n=101) =51 (n = 864)

Age (yr) 46 (30-50) 67 (51-93)
Sex 0.170

Male 63 (62.4) 477 (55.2)

Female 38 (37.6) 387 (44.8)

Body mass index (kg/mz) 23.8+4.0 24.0+3.3 0.662
Family history

Colorectal cancer 11(10.9) 20 (2.3)

Other cancer 12 (11.9) 57 (6.6)

None 63 (62.4) 385 (44.6)

Unknown 15 (14.9) 402 (46.5)

Lynch syndrome 7 (6.9) 21(2.4) 0.011
MSI-H 8(7.9) 40 (4.6) 0.150
Tumor location 0.374

Cecum 4 (4.0) 55 (6.4)

Ascending colon 15(14.9) 118 (13.7)

Transverse colon 3(3.0) 43 (5.0)

Descending colon 3(3.0) 32 (3.7)

Sigmoid colon 31(30.7) 318 (36.8)

Rectum 45 (44.6) 298 (34.5)
Histology 0.260

Well differentiated 23 (22.8) 172 (19.9)

Moderately differentiated 65 (64.4) 618 (71.5)

Poorly differentiated 2 (2.0 20 (2.3)

Mucinous 7 (6.9) 26 (3.0)

Unspecified 4 (4.0) 28 (3.2)
Synchronous lesion 3 (3.0 33(3.8) 0.670
Tumor stage 0.457

0 8 (7.9) 6 (6.5)

| 34 (33.7) 309 (35.8)

lla 28 (27.7) 241 (27.9)

b 2(2.0) 0(2.3)

llc 1(1.0) 8 (2.1)

Illa 4 (4.0) 9(2.2)

1lIb 15 (14.9) 163 (18.9)

Illc 9 (8.9) 8 (4. 4)
Lymphatic invasion 17 (16.8) 145 (16.8)  0.990
Perineural invasion 10 (9.9) 9(11.5) 0.640
Venous invasion 3(3.0) 7 (3. 1) 0.932
Surgical procedure

Open 74 (73.3) 529 (61.2)

Laparoscopic 20(19.8) 263 (30.4)

Robot 2(2.0) 15(1.7)

Endoscopic 3 (3.0 43 (5.0)

Transanal excision 2(2.0) 14 (1.6)

Adjuvant therapy 55 (54.5) 345 (39.9) 0.005

Stage O 0 (0) 0 (0)

Stage 1 4(11.8) 22 (7.1)

Stage 2 25 (80.6) 162 (58.1)

Stage 3 26 (92.9) 161 (73.2)

Values are presented as median (range), number (%), or mean +
standard deviation.
MSI-H, microsatellite instability-high.
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adjuvant therapy for the following reasons; lymphatic, venous,
perineural invasion of tumors, physicians’ concern, or a patient
wanted to receive the adjuvant therapy.

Clinical parameters (age, cancer stage, location, BMI, and
MSI status), histologic features (differentiation of tumors
and lymphatic/perineural/venous invasion) and systemic
inflammatory markers were evaluated on the association with
the prognosis of patients with resectable CRC. Six-year OS
was 88.6% (95% Cl, 80.4%-96.8%) with a median follow-up of
1015 months in the young group. No clinical parameters were
associated with OS or PFS in the univariate analyses. Venous
invasion of tumors was significantly associated with OS (P <
0.001). Among the systemic inflammatory markers, NLR > 5,
LMR < 2, and PNI < 45 were significantly associated with OS
(P < 0.05). The multivariate analysis found no inflammatory
markers or clinical parameters independently significantly
associated with OS. Among histologic features, venous invasion
was independently, significantly associated with OS (HR, 12.67;
05% CI, 2.21-72.58; P = 0.004). Six-year PFS was 82.2% (95%
Cl, 73.4%-91.0%) in the young group. Lymphatic (P = 0.010),
perineural (P = 0.007), and venous (P = 0.008) invasion were
significantly associated with PFS in the univariate analyses.
NLR > 5, dNLR > 3, LMR < 2, and PNI < 45 were significant
systemic inflammatory markers associated with PFS (P < 0.05).
Lymphatic invasion (HR, 4.81; 95% CI, 1.29-17.95; P = 0.019)
and perineural invasion (HR, 3.99; 95% CI, 1.07-14.93; P =
0.040) were independently, significantly associated with PFS
in the multivariate analyses. LMR < 2 remained a significant
prognostic factor among systemic inflammatory markers

for poor PFS (HR, 5.81; 95% CI, 1.33-25.42; P = 0.020) (Table
2). In the old group, 6-year OS and PFS were 93.1% (95% Cl,
00.9%-95.3%) and 80.0% (95% CI, 76.9%-83.1%), respectively,
with a median follow-up of 84.9 months. AJCC cancer stage,
differentiation of tumors, and all inflammatory markers (NLR
> 5, dNLR > 3, LMR < 2, PLR > 150, and PNI < 45) were
significantly associated with OS and PFS (P < 0.05) in the
univariate analyses. Lymphatic, perineural, and venous invasion
of tumors were significantly associated with PFS (P < 0.05). The
multivariate analysis revealed that LMR < 2 (HR, 2.66; 95% CI,
1.20-591; P = 0.016) and PNI < 45 (HR, 2.14; 95% CI, 1.15-3.97;
P = 0.016) were independently, significantly associated with
OS. Lymphatic invasion (HR, 2.09; 95% CI, 1.43-3.05; P < 0.001)
and perineural invasion (HR, 2.26; 95% CI, 1.50-3.40; P <
0.001) were independently, significantly associated with PFS.
PLR > 150 (HR, 1.45; 95% CI, 1.02-2.04; P = 0.036) and PNI <
45 (HR, 1.73; 95% CI, 1.23-2.43; P = 0.002) were significant
inflammatory markers for PFS (Table 3).

A comparison of OS and PFS between young and old patients
was performed for the controversial prognosis of young patients
with CRC. We observed no significant difference in OS (P =
0.772, Fig. 1A) or PFS (P = 0.327, Fig. 1B) between the 2 age
groups. Our analysis of the stage-stratified survival of patients
with stage 0-1 (Fig. 2A), II (Fig. 2B), and III (Fig. 2C) CRC also
showed no significant difference in OS or PFS according to
age. We also looked for differences in OS or PFS according to
the age of patients with under or beyond the cut-off values of
inflammatory markers (Supplementary Fig. 1). In patients with
an NLR < 5, we found no significant differences in OS or PFS

Table 2. Prognostic factors for OS and PFS in the young group (n = 101)

oS PFS
Parameter Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
P-value HR 95% Cl  P-value P-value HR 95% Cl  P-value
Stage (0, I, 11, and 11I) 0.680 0.063
Tumor location (right vs. left) 0.893 0.684
Body mass index (>25 kg/m’) 0.269 0.901
MSI (MSI-H vs. MSI-L and MSS) 0.390 0.223
Differentiation” 0.786 0.602
Lymphatic invasion 0.115 0.010 4.81 1.29-17.95 0.019
Perineural invasion 0.773 0.007 3.99 1.07-14.93 0.040
Venous invasion <0.001 12.67 2.21-72.58 0.004 0.008
NLR > 5 0.026 0.001
dNLR > 3 0.082 0.006
IMR <2 0.019 <0.001 5.81 1.33-25.42 0.020
PLR > 150 0.701 0.556
PNI < 45 0.014 0.006

OS, overall survival; PFS, progression-free survival; HR, hazard ratio; Cl, confidence interval; MSI, microsatellite instability; MSI-H,
MSI-high; MSI-L, MSI-low; MSS, microsatellite stable; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived NLR; LMR, lymphocyte-to-
monocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.

e oderate oor, mucinous, and unspecified.
“Well, moderately, poor, m , and unspecified
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Table 3. Prognostic factors for OS and PFS in the old group (n = 864)

oS PFS
Parameter Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
P-value HR 95% Cl  P-value P-value HR 95% Cl  P-value
Stage (0, I, 11, and 11I) <0.001 <0.001
Tumor location (right vs. left) 0.131 0.892
Body mass index (=25 kg/m’) 0.526 0.270
MSI (MSI-H vs. MSI-L and MSS) 0.198 0.267
Differentiation” 0.002 <0.001
Lymphatic invasion 0.599 <0.001 2.09 1.43-3.05 <0.001
Perineural invasion 0.144 <0.001 2.26  1.50-3.40 <0.001
Venous invasion 0.474 0.002
NLR > 5 0.015 0.007
dNLR > 3 0.015 0.015
LMR < 2 <0.001 2.66 1.20-5.91 0.016 0.020
PLR > 150 0.011 <0.001 1.45 1.02-2.04 0.036
PNI < 45 0.002 2.14 1.15-3.97 0.016 <0.001 1.73  1.23-2.43  0.002

OS, overall survival; PFS, progression-free survival; HR, hazard ratio; Cl, confidence interval; MSI, microsatellite instability; MSI-H,
MSI-high; MSI-L, MSI-low; MSS, microsatellite stable; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived NLR; LMR, lymphocyte-to-
monocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.

“Well, moderately, poor, mucinous, and unspecified.
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Fig. 1. (A) Overall survival (OS) and (B) progression-free survival (PFS) of colorectal cancer patients. OS and PFS did not differ
significantly between the young (<50 years) and old (>50 years) groups.

according to age (Supplementary Fig. 1A). OS and PFS between
the 2 age groups did not differ significantly in patients with
NLR > 5, either (Supplementary Fig. 1B). Among the patient
groups with dNLR > 3 (Supplementary Fig. 1C) or dNLR < 3
(Supplementary Fig, 1D), LMR < 2 (Supplementary Fig, 1E) or
LMR = 2 (Supplementary Fig. 1F), PLR >150 (Supplementary
Fig. 1G) or PLR < 150 (Supplementary Fig. 1H), and PNI < 45
(Supplementary Fig. 11) or PNI = 45 (Supplementary Fig, 1J), age
difference did not significantly affect prognosis in terms of OS
or PES.

DISCUSSION

Our results show that LMR usefully predict the prognosis
of patients with resectable CRC younger than 50 years. The
crucial role of systemic inflammation in tumorigenesis has
been discussed for many years [11]. The inflammatory markers
examined are ratios of immune cells involved in innate
and adaptive immunity. Our results suggest that systemic
inflammatory markers play a consistent, significant role in
predicting the prognosis of young patients with resectable
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CRC. Intriguingly, no clinical parameters, including MSI-H,
were associated with OS or PFS with multivariate analyses
in both age groups. A germline mutation in an MMR gene
results in a high mutation burden leading to the generation
of numerous neoantigens, which subsequently activates the
adaptive immune system. Therefore, MSI-H and a diagnosis of
Lynch syndrome have been regarded as parameters indicating
a favorable prognosis, but we found no significant difference
in OS or PFS between patients with tumors harboring MSS
and those with MSI-H tumors in both age groups. This could
be explained by the small number of patients with MSI-H,
considering a nonsignificant tendency toward improved
survival in patients with MSI-H. Another possible explanation is
that the ratio of immune cells involved in innate and adaptive
immunity might be superior to MSI status in predicting the
prognosis of resectable CRC. As a matter of fact, van Herk et al.
[26] investigated the immunophenotypes of early-onset CRC,
specifically the expression of human leukocyte antigen (HLA)
class I and programmed death-ligand 1, and found that reduced
expression of HLA class I was associated with liver metastases,
suggesting not only an increased mutation burden but also the
activation of lymphocytes by antigen presentation with retained
HLA-I function is important in activating adaptive immunity in
young patients.

LMR < 2 was an independent prognostic factor for poor
PFS in the young in this study. A recent study reported that
higher preoperative lymphocyte blood count to WBC count ratio
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3 ?
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Fig. 2. Stage-stratified survival of patients with colorectal
cancer (CRC). (A) No significant difference in overall survival
(OS, left) or progression-free survival (PFS, right) between the
young (<50 years) and old patients (>50 years) with stage O
and | CRC. (B) OS (left) and PFS (right) of stage Il CRC patients
did not differ significantly according to age. (C) Comparable
OS (left) and PFS (right) in stage Ill CRC patients regardless of
age.

correlated with longer survival in CRC patients younger than
50 years, consistent with our results [27]. Intriguingly, different
association of LMR < 2 with PFS or OS in young and old group,
respectively, was observed in multivariate analyses. This could
be attributed to functional heterogeneity of monocyte according
to different environmental stimuli exerting pro- or anticancer
immunity [28]. A recent study on immunohistochemical
profile of macrophage revealed proinflammatory macrophages
expressing CD 80 are mainly located at tumor-adjacent normal
mucosa in CRC. They were also reported to have protective
role from risk for relapse. On the other hand, the lower
ratio of CD 80 and CD 163 macrophage, functioning as anti-
inflammatory macrophages, was also reported to be related
to poor prognosis in stage III CRC [29]. Therefore, it would be
compelling to investigate if there is involvement of different
fraction of macrophage with different function according to
age groups. In addition, substantial numbers of patients in our
study were lost to follow-up due to the favorable prognosis of
patients with resectable CRC, giving rise to censored data in
our survival analyses. This, along with the small numbers of
patients analyzed, could have contributed to our finding that no
systemic inflammatory markers are independently significant
for OS in the young group, one of the limitations in this study.
On the other hand, PNI < 45 was a significant inflammatory
marker for OS and PFS only in the old age group, but not in
the young age group. PNI usually reflects nutritional and
immunologic status of patients. A previous study reported PNI



Suk-young Lee, et al: The systemic inflammatory markers in CRC patients

values had negative correlation with age, and the mean age of
patients with low-PNI values was significantly higher than that
of patients with high-PNI values [30]. In this study, we also
found significantly larger proportion in the old age group was
PNI < 45 (44.3%), comparing to proportion of young patients
with PNI < 45 (79%, P < 0.01). Therefore, we thought relatively
poorer nutritional status of old patients than that of young
patients could have contributed to significant association of PNI
< 45 with prognosis of old patients.

Although no consistent data on the prognosis of young CRC
patients have been reported, several recent studies have shown
improved outcomes in young patients than in older patients
despite aggressive disease features, suggesting that adverse
clinicopathologic features are not the major determinants of
prognosis in young CRC patients [7,8,27]. Our study found no
differences between the 2 age groups in OS or PFS, including an
analysis of stage-stratified survival. In addition, patients within
the same range of values of each inflammatory marker did not
show difference in OS or PFS according to ages despite clear
association of inflammatory markers with survival, suggesting
biologic factors involved in tumorigenesis rather than age
itself might be more important in prognosis of patients with
resectable CRC.

Our findings provide valuable new information about
biologic factors other than clinicopathologic characteristics
and their effects on the prognosis of young patients with
resectable CRC. As the number of young CRC patients increases,
efforts to discern who benefit from treatment have focused on
evaluation of prognosis. However, no obvious prognostic factors
affecting the survival of young CRC patients have been found.
The inconsistent thresholds for inflammatory markers used in
previous studies have often caused issues in applying research
data in the clinical setting to differentiate patients with a poor
prognosis from those with a positive prognosis. The thresholds
used for each inflammatory marker in this study were taken
from previous studies [17,19,24,25], which might help clinicians
choose optimal treatments for young patients.

In summary, LMR < 2 was significantly, independently

associated with PFS in young patients with resectable CRC.
In the old group, LMR < 2 and PNI < 45 were independently,
significantly associated with OS. PLR > 150 and PNI < 45 were
significant inflammatory markers for PFS. However, no clinical
parameters including age were significantly associated with
prognosis. Considering above results, systemic inflammation
might be one of potential factors which consistently affects on
prognosis of both young and old patients with resectable CRC.

SUPPLEMENTARY MATERIALS

Supplementary Fig. 1 can be found via https:/doi.org/10.4174/
astr.2021.100.1.25.
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