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Abstract

AIM: To investigate the impact of systemic inflammation-
based prognostic markers on overall survival in relapsed/
refractory metastatic colorectal cancer (mCRC) patients.

METHODS: To investigate prognostic markers in
mCRC patients, this study was performed with patients
who have experienced relapsed/refractory mCRC
with standard chemotherapy or were inapplicable
to conventional treatment modality because of poor
performance status, age, or comorbidity. We reviewed
the medical records of 177 mCRC patients managed
with Korean Medicine (KM) treatment modality using
an anticancer agent of Rhus verniciflua Stokes extract
from June 2006 to April 2013. The clinicopathologic
characteristics, laboratory test, the systemic inflammation
markers including the modified Glasgow prognostic
score (mGPS), neutrophil lymphocyte ratio (NLR),
platelet lymphocyte ratio (PLR), lymphocyte monocyte
ratio (LMR), and prognostic nutritional index (PNI) were
analyzed. The overall survival of patients was calculated
with the Kaplan-Meier method and the statistical
significance was compared using with the log-rank test.
To compare the impact of systemic inflammation based
markers, the hazard ratio (HR) of mGPS, NLR, PLR, LMR,
and PNI for overall survival were evaluated with the Cox
proportional hazards regression.
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RESULTS: The majority of mCRC patients had
relapsed/refractory to standard chemotherapy; 128
patients (72.3%) had undergone more than second
line chemotherapy, and the median time from diagnosis
of mCRC to initiation of KM was 9.4 mo. The median
overall survival of enrolled patients was 8.3 mo. On
univariate analyses, the inflammation markers of higher
mGPS (P < 0.001), NLR = 5 (P < 0.001), PLR > 300 (P
= 0.004), LMR < 3.4 (P < 0.001), and PNI < 45.3 (P
= 0.001) were significantly associated with decreased
survival time. On stepwise multivariate proportional
hazards model, mGPS at 2 vs 0 (HR = 3.212, 95%CI:
1.437-7.716, P = 0.004), and LMR < 3.4 (HR = 1.658,
95%CI: 1.092-2.518, P = 0.018) as independent
predictors associated with poor overall survival along
with carbohydrate antigen 19-9 (HR = 1.482, 95%CI:
1.007-2.182, P = 0.046), AST = 40 (HR = 2.377,
95%CI: 1.359-4.155, P = 0.002), and the treatment
duration for KM less than 2.9 mo (HR = 1.718, 95%CI:
1.160-2.543, £ = 0.007).

CONCLUSION: These results indicate that the
inflammatory markers, mGPS and LMR are independent
prognostic factors for predicting overall survival in
relapsed/refractory mCRC patients.

Key words: Colorectal neoplasm; Inflammation; Modified
Glasgow prognostic score; Lymphocyte monocyte ratio;
Prognosis

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to compare the
systemic inflammation based prognostic markers in
relapsed or refractory metastatic colorectal cancer
(mCRC) patients. We reviewed the medical records
of 177 mCRC patients and analyzed the impact of
systemic inflammation markers including modified
Glasgow prognostic score (mGPS), neutrophil lym-
phocyte ratio, platelet lymphocyte ratio, lymphocyte
monocyte ratio (LMR), and prognostic nutritional index
on survival time. The mGPS and LMR were the best
inflammatory markers for predicting overall survival
time in relapsed or refractory mCRC patients.

Song A, Eo W, Lee S. Comparison of selected inflammation-
based prognostic markers in relapsed or refractory metastatic
colorectal cancer patients. World J Gastroenterol 2015; 21(43):
12410-12420 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12410.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12410

INTRODUCTION

Colorectal cancer is the third most common cancer
in South Korea, and it is usually diagnosed at an
advanced stage'!. The precise prediction of survival
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in relapsed/refractory metastatic colorectal cancer
(mCRC) patients is important to determine proper
management modalities in clinical practice. Over
the last couple of decades, there has been a focus
on identifying host-related factors, which associated
with cancer outcomes. And they have proven to be
potential determinants to predict prognosis, guide
decisions related to treatment modality, and evaluate
treatment efficacy'®. Studies on inflammation markers
and host inflammatory responses in cancer have been
actively carried out since 2000%*,

Systemic inflammation is known to elevate the
C-reactive protein (CRP) and change the relative
proportion of white blood cells, raising the neutrophil
count and lowering the lymphocyte count™®. Reflecting
the distinct feature of inflammation and cancer, several
indices such as the Glasgow prognostic score (GPS),
neutrophil lymphocyte ratio (NLR), platelet lymphocyte
ratio (PLR), lymphocyte monocyte ratio (LMR), and
Onodera’s prognostic nutritional index (PNI) have been
consistently studied for potential application in cancer
prognosist” ™,

Based on several studies of GPS, hypoalbuminemia
without CRP elevation was found to show no significance
as a prognostic factor. Thus, recent research has
used modified GPS (mGPS) as a potential prognostic
factor'*®, The mGPS and NLR were studied as
independent prognostic factors in advanced colorectal
cancer and PLR in pancreatic cancer’*¥. There have
also been studies showing a correlation between LMR
and prognoses of Hodgkin’s lymphoma, and PNI and
prognoses of gastrointestinal malignancy™*>*¢,

So far, most studies have focused on the efficacy
of inflammatory markers for newly diagnosed ad-
vanced cancer patients who were naive to cancer
treatment, and inflammation markers have been used
as prognostic markers for the initial treatment, which
could be surgery or chemotherapy. However, systemic
inflammation is rare in newly diagnosed patients with
early conditions of advanced cancers. To enhance the
clinical meaning of inflammatory markers as prognostic
markers of survival, it is necessary to evaluate far-
advanced patients, who relapse after undergoing
standard treatments and who show cancer-related
symptoms.

Therefore, the aim of this study was to identify
the clinical efficacy of systemic inflammation as a
prognostic factor to predict overall survival (OS) in
mCRC patients who relapsed from standard therapy
and to identify which markers from among mGPS,
NLR, PLR, LMR, and PNI are useful for identifying
patients who should receive palliative care.

MATERIALS AND METHODS

This study was performed with review of medical
records and it was approved by the Institutional
Review Board of Kyung Hee University Hospital at
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Assessed for eligibility
(n = 380)

Excluded (7 = 203)
Double primary (7 = 5)

Operation (7 = 16)

Prior to treatment within four weeks (7 = 176)

Chemotherapy (7 = 149)
Radiation therapy (7 = 11)
Combined with infectious disease (7 = 22)

Study patients
(n=177)

Figure 1 Flow chart of patients’ dispositions.

Gangdong (KHNMC-OH-IRB 2013-010).

Patients

We reviewed the medical records of mCRC patients
aged over 20 years who were examined by laboratory
tests from June 2006 to April 2013. From 380 cases,
we excluded patients with double primary cancers (n
= 5), and patients who underwent surgery (n = 16),
chemotherapy (n = 149), or radiotherapy (n = 11)
within four weeks of the initial laboratory examination
to avoid the possible influence of treatment modality
on inflammation markers. Also, we excluded cases (n
= 22) that showed comorbidity with specific signs and
symptoms of inflammation at the initial examination.
Finally, 177 patients with mCRC were included in the
study (Figure 1).

Overall survival

0OS was defined as the time from the first day of
treatment to the time of death from any cause. When
the patient was lost to follow-up or the death was not
recorded, the patient was censored. The survival time
of censored patients was defined by the period from
the initiation of treatment to the last day of follow-
up or to September 29, 2013, the date on which the
survival was investigated.

Systemic inflammation markers

Before initiation of treatment, patients were examined
for complete blood count with differential and blood
chemistry tests including CRP, albumin, tumor markers,
and other laboratory tests.

The mGPS was evaluated with CRP and albumin,
and it was based on the previous study demonstrating
that hypoalbuminemia without elevated CRP has no
significant relationship with OS"®, Patients with CRP
greater than 10 mg/L and albumin lower than 3.5
g/dL were assigned a score of 2. Patients with only
CRP elevation were assigned a score of 1. Patients
with a normal value for both CRP and albumin or only
low albumin levels were assigned a score of 0. NLR
was defined as the absolute neutrophil to absolute
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lymphocyte ratio, and PLR was defined as the platelet
to absolute lymphocyte ratio. NLR was categorized
into two groups based on the cut-off points (= 5 or <
5), and PLR was classified into three groups ( < 150,
150-300, > 300)”. LMR was defined as the absolute
lymphocyte to absolute monocyte ratio, and PNI was
comprised of albumin and lymphocytes. There was no
validated cut-off point for the LMR and PNI, so cut-off
points of LMR and PNI in this study were presented by
the receiver operating characteristic (ROC) curve and
the area under the ROC curve (AUC).

Treatment

The applied treatment modality for relapsed/refractory
mCRC patients who had no choice of conventional
standard treatment was Korean Medicine (KM).
Herbal medication and acupuncture were the major
modality for patients underwent KM treatment. The
Rhus verniciflua stokes (RVS) extract was used as a
main anticancer agent. RVS extract was originated
from the lacquer tree, which grows in East Asia. RVS
has been shown to have an anti-proliferative effect,
apoptotic activity, an anti-angiogenic effect, and an
anti-tumor migration effect™™”*%), RVS was extracted
by the standardized method with water at 95 °C, then
concentrated and lyophilized in powdered form. After
being depleted of toxic allergens, the extract was
examined for quality with concentrations of the main
compounds. Each capsule contained 500 mg of RVS
extract, and patients were typically prescribed 1500
mg of RVS extract daily.

Statistical analysis

The clinicopathologic features, laboratory tests, and
systemic inflammation markers were recorded for
the potential prognostic factors. OS was calculated
with the Kaplan-Meier method and the statistical
significance was compared using the log-rank test.
The prognostic factors for survival were identified
with the proportional hazards regression. Univariate
analysis was performed with each potential prognostic
factor and stepwise multivariate proportional hazards
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Table 1 Baseline characteristics of patients

Variable n %

Clinicopathological factors
Age (yr) <65/= 65 123/54 69.5%/30.5%
Sex Male/female 83/94 46.9%/53.1%
ECOG-Ps 0-1/2-4 105/72 59.3%/40.7%
Tumor site Colon/rectum 125/52 70.6%/29.4%
Liver metastasis No/yes 69/108 39.0%/61.0%
Prior surgery No/yes 33/144 18.6%/81.4%
Prior chemotherapy None/1% line/2™ line/ = 3" line 21/28/54/74 11.9%/15.8%/30.5% /41.8 %
Prior radiotherapy No/yes 126/51 71.2%/28.8%
BMI (kg/m’) <18.5/18.5-22.9/= 23 22/88/64 12.6%/50.6%/36.8%
KM treatment duration (mo) <29/=29 89/88 50.3%/49.7%

Laboratory factors
CEA (ng/mL) <5/>5 31/140 18.1%/81.9%
CA19-9 (U/mL) <27/>27 59/78 43.1%/56.9%
Hb (g/dL) >121/<121 95/82 53.7%/46.3%
AST (IU/L) <40/= 40 147/30 83.1%/16.9%
ALT (IU/L) <40/= 40 157/20 88.7%/11.3%
eGFR (mL/min) =60/< 60 139/36 79.4% /20.6%
albumin (g/dL) <35/=35 13/164 7.3%/92.7%
CRP (mg/L) <10.0/=10.0 114/63 64.4% /35.6%
PLT (x 10°/uL) <400/ = 400 161/16 62.7%/37.3%
WBC (x 10°/ L) <10.0/=10.0 161/16 91.0%/9.0%
Neutrophil (%) < 68.2/>68.2 92/85 52.0%/48.0%
Lymphocyte (%) <243/>243 111/66 62.7%/37.3%
Monocyte (%) <6.6/>6.6 59/118 33.3%/66.7%
ANC (cells/uL) < 4505.7/> 4505.7 104/73 58.8%/41.2%
ALC (cells/uL) < 1651.3/>1651.3 123/54 69.5%/30.5%
AMC (cells/uL) < 460.8/> 460.8 83/94 46.9% /53.1%
mGPS 0/1/2 114/52/11 64.4%/29.4%/6.2%
NLR <5/=5 144/33 81.4%/18.6%
PLR <150/150-300/> 300 73/78/26 41.2%/44.1%/14.7%
LMR <34/>34 113/64 63.8%/36.1%
PNI <45.3/>45.3 52/125 29.4%/70.6%

ECOG-PS: Eastern cooperative oncology group performance status; BMI: Body mass index; KM: Korean Medicine; CEA: Carcinoembryonic antigen;
CA19-9: Carbohydrate antigen 19-9; Hb: Hemoglobin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; eGFR: Estimated glomerular
filtration rate; CRP: C-reactive protein; PLT: Platelet; WBC: White blood cell; ANC: Absolute neutrophil count; ALC: Absolute lymphocyte count; AMC:
Absolute monocyte count; mGPS: Modified Glasgow prognostic score; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; LMR:

Lymphocyte to monocyte ratio, PNI: Prognostic nutritional index.

models were analyzed with statistically significant
factors with P value less than 0.05 from univariate
analysis for predicting survival. For the precision of
model prediction without the complication caused
by overlapped factors from univariate analysis, the
factors with high priority were entered for multivariate
analysis removing the factors with low priority.

The ROC curve analysis was used to determine
the optimal cut-off values of the hemoglobin (Hb),
neutrophil%, lymphocyte%, monocyte%, absolute
neutrophil count (ANC), absolute lymphocyte count
(ALC), absolute monocyte count (AMC), LMR, and PNI.
The optimal cut-off values of each factor indicated the
discrimination on survival by the maximum joint of
sensitivity and specificity. All statistical analyses were
conducted using MedCalc Statistical Software (version
12.7.5; MedCalc Software, Ostend, Belgium) and SPSS
(version 18.0; SPSS Inc., Chicago, IL, United States).
A P value less than 0.05 was considered statistically
significant.
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RESULTS

The clinicopathological and biochemical characteristics
of enrolled patients are summarized in Table 1. Of
the 177 colorectal cancer patients, 94 were female
(53.1%), the median age was 52 (range, 25-81),
and the majority of patients (59.3%) had an ECOG
performance status of 0 or 1. There were 125 (70.6%)
colon cancer cases and 52 (29.4%) rectal cancer
cases, and most patients had liver metastases (61.0%).
In total, 171 patients (96.6%) had at least one prior
treatment, and 128 patients (72.3%) had experienced
more than second line chemotherapy. The median
time of KM treatment initiation was 9.4 mo after the
diagnosis of mMCRC (range, 0.1-81.0 mo).

The median OS was 8.3 mo (range, 0.8-70.0 mo)
for all patients (Figure 2). The median follow-up period
of patients was 3.1 mo (range, 0.1-33.3 mo), and the
median treatment duration of KM was 2.9 mo (range,
0.1-33.3 mo).

The optimal cut-off values, AUCs, and significances
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Figure 2 Overall survival of enrolled patients according to the systemic inflammation markers. Overall survival of total enrolled patients (A), overall survival
according to modified Glasgow prognostic score (B), neutrophil lymphocyte ratio (C), platelet lymphocyte ratio (D), prognostic nutritional index (E), and lymphocyte

monocyte ratio (F).

of Hb, neutrophil%, lymphocyte%, monocyte%, ANC,
ALC, AMC, LMR, and PNI analyzed by ROC curve are
shown in Figure 3. The ROC curves demonstrated that
LMR of 3.4 was the optimal cut-off for predicting OS
(sensitivity = 68, specificity = 62.5, AUC = 0.647, P
= 0.005) and PNI of 45.3 was the optimal cut-off for
predicting OS (sensitivity = 34.0, specificity = 95.8,
AUC = 0.559, P = 0.256).

The univariate analysis of the proportional hazards
regression was performed to determine predictable
factors for multivariable analyses, adjusting for
other factors to influence survival. Among the
clinicopathological factors, poor ECOG performance
status and presence of liver metastasis showed a
relationship with poor survival. Regarding biochemical
factors, several lab tests showed survival impact,
such as tumor markers of carcinoembryonic antigen
(CEA) and carbohydrate antigen 19-9 (CA19-9), liver
enzymes of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), albumin, C-reactive
protein (CRP), Hb, neutrophil %, lymphocyte %, ANC,
and AMC and treatment duration for KM. The survival
of patients was significantly affected by the level of
systemic inflammation markers of mGPS, NLR, PLR,
and LMR, and the nutrition marker of PNI (Table 2). On
mGPS, survival time and hazard were incrementally
influenced in accordance with the level of mGPS.
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The median OS of mGPS 0, mGPS 1, and mGPS 2
was 11.2 mo, 4.5 mo, and 2.6 mo, respectively (P <
0.001). The hazard of mGPS 1 (HR = 1.998, 95%CI:
1.403-2.844) and mGPS 2 (HR = 4.741, 95%CI:
2.418-9.297) increased level-dependently (P < 0.001).

The median OS of patients with low NLR (NLR <
5) was 9.4 mo, and the high NLR (NLR = 5) was 4.3
mo (P < 0.001), and high NLR (NLR = 5) reduced the
survival period (HR = 2.388, 95%CI: 1.609-3.545,
P < 0.001). The median OS of patients with low PLR
(PLR < 150), medium PLR (PLR between 150 and
300), and high PLR (PLR > 300) was 11.2 mo, 6.8
mo, and 5.3 mo respectively (P = 0.012), and high
PLR significantly resulted in poor survival (HR =
1.989, 95%CI: 1.253-3.157, P = 0.004), whereas
the medium PLR showed no significant influence on
survival. The median OS of patients with low LMR (LMR
< 3.4) and high LMR (LMR > 3.4) was 5.9 mo and
12.4 mo respectively (P < 0.001), and the low LMR
group was associated with shortened survival (HR =
2.045, 95%CI: 1.450-2.884, P < 0.001). The median
OS of patients with low PNI (PNI < 45.3), and high
PNI (PNI > 45.3) was 6.0 mo and 9.4 mo respectively
(P = 0.001), and low PNI was highly associated with a
short survival time (HR = 1.785, 95%CI: 1.271-2.507,
P = 0.001) (Figure 2).

Multivariate analysis using the Cox proportional
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Figure 3 Receiver operating characteristic curves for lymphocyte monocyte ratio (A), prognostic nutritional index (B), hemoglobin (C), neutrophil% (D),
lymphocyte% (E), monocyte% (F), absolute neutrophil count (G), absolute lymphocyte count (H), and absolute monocyte count (I) of total enrolled patients.
Lymphocyte to monocyte ratio: sensitivity 68.0%, specificity 62.5%, area under the ROC curve (AUC) 0.647, P value 0.0048, cut-off 3.4; Prognostic nutritional index:
sensitivity 34.0%, specificity 95.8%, AUC 0.559, P value 0.2557, cut-off 45.3; Hemoglobin: sensitivity 58.8%, specificity 79.2%, AUC 0.668, P value 0.0077, cut-off
12.1g/dL; Neutrophil%: sensitivity 51.6%, specificity 75.0%, AUC 0.578, P value 0.1748, cut-off 68.2%. Lymphocyte%: sensitivity 66.7%, specificity 62.5%, AUC 0.620,
P value 0.0325, cut-off 24.3%. Monocyte%: sensitivity 69.3%, specificity 50.0%, AUC 0.583, P value 0.1707, cut-off 6.6%; Absolute neutrophil count: sensitivity 44.4%,
specificity 79.2%, AUC 0.614, P value 0.0506, cut-off 4505.7; Absolute lymphocyte count: sensitivity 71.2%, specificity 41.7%, AUC 0.516, P value 0.8047, cut-off
1651.3; Absolute monocyte count: sensitivity 56.9%, specificity 70.8%, AUC 0.641, P value 0.0239, cut-off 460.8.

hazards models with stepwise selection process was adjusting for confounders, the predictors of survival in
performed to identify the independent predictors of the stepwise multivariate proportional hazards model
survival. The models were analyzed with all significant were LMR, mGPS, CA19-9, AST, and treatment duration
factors removing overlapped factors. The key potential (Table 3). Among the systemic inflammatory markers,
predictors of hypothesis of this study, mGPS, NLR, PLR, mGPS and LMR were independently associated with
LMR, and PNI of the systemic inflammation markers survival time in relapsed/refractory mCRC patients.
were calculated with absolute counts of white blood cells The risk of death was remarkably increased according
and platelet, CRP, and albumin, which was described to the level of mGPS score (P = 0.017), the hazard
with detailed formulas in the method section. After ratio of mGPS 2 (HR = 3.212, 95%CI: 1.437-7.176,
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Table 2 Univariate analyses of factors related to overall survival

Variable Hazard ratio (95%CI) P value
Clinicopathological factors
Age (yr) <65vs = 65 1.295 (0.922-1.821) 0.136
Sex Female vs male 0.897 (0.653-1.233) 0.504
ECOG-PS 0-1vs 2-4 1.528 (1.107-2.109) 0.010
Tumor site Colon vs rectum 0.823 (0.575-1.177) 0.286
Liver metastasis No vs yes 1.469 (1.056-2.044) 0.023
Prior surgery No vs yes 0.797 (0.525-1.211) 0.288
Prior chemotherapy None vs 1% or 2™ line 0.670 (0.392-1.145) 0.143
None vs = 3 line 0.897 (0.526-1.529) 0.689
Prior radiotherapy No vs yes 0.991 (0.698-1.409) 0.962
BMI (kg/m’) <185v518.5-22.9 0.697 (0.425-1.144) 0.154
<185vs =23 0.700 (0.420-1.169) 0.173
KM treatment duration (mo) =290vs<29 1.966 (1.425-2.711) <0.001
Laboratory factors
CEA (ng/mL) <50vs>5 1.576 (1.016-2.444) 0.042
CA19-9 (U/mL) < 27vs>27 1.654 (1.139-2.402) 0.008
Hb (g/dL) >1210s <1211 1.721 (1.246-2.378) 0.001
AST (IU/L) <40vs = 40 2.547 (1.678-3.867) <0.001
ALT (IU/L) <40vs = 40 1.845 (1.139-2.991) 0.013
eGFR (mL/min) = 60 vs < 60 0.942 (0.634-1.399) 0.766
albumin (g/dL) =>35vs<35 2.202 (1.214-3.993) 0.009
CRP (mg/L) <10.0 vs = 10.0 2.202 (1.577-3.076) <0.001
PLT (x 10°/uL) <400 vs = 400 0.618 (0.367-1.042) 0.071
WBC (x 10°/uL) <10.0 vs = 10.0 1.595 (0.945-2.691) 0.080
Neutrophil (%) <6820vs>682 1.576 (1.146-2.168) 0.005
Lymphocyte (%) >243vs <243 1.923 (1.369-2.700) <0.001
Monocyte (%) <6.60vs>6.6 1.316 (0.931-1.860) 0.120
ANC (cells/pL) < 4505.7 vs > 4505.7 1.832 (1.328-2.527) <0.001
ALC (cells/pL) < 1651.3 vs > 1651.3 0.779 (0.549-1.107) 0.164
AMC (cells/pL) < 460.8 vs > 460.8 1.830 (1.325-2.527) <0.001
Systemic inflammation markers
mGPS Ous1 1.998 (1.403-2.844) <0.001
0vs2 4.741 (2.418-9.297) <0.001
NLR <5vs=5 2.388 (1.609-3.545) <0.001
PLR <150 vs 150-300 1.204 (0.849-1.708) 0.297
<150 vs > 300 1.989 (1.253-3.157) 0.004
LMR >34vs<34 2.045 (1.450-2.884) <0.001
PNI >453vs < 45.3 1.785 (1.271-2.507) 0.001

ECOG-PS: Eastern cooperative oncology group performance status; BMI: Body mass index; KM: Korean Medicine; CEA: Carcinoembryonic antigen;

CA19-9: Carbohydrate antigen 19-9; Hb: Hemoglobin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; eGFR: Estimated glomerular
filtration rate; CRP: C-reactive protein; PLT: Platelet; WBC: White blood cell; ANC: Absolute neutrophil count; ALC: Absolute lymphocyte count; AMC:
Absolute monocyte count; mGPS: Modified Glasgow prognostic score; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; LMR:

Lymphocyte to monocyte ratio; PNI: Prognostic nutritional index.

Table 3 Stepwise multivariate proportional hazards model for predictors of overall survival

Variable Hazard ratio (95%CI) P value
mGPS 0.017
Owvs1 1.135 (0.717-1.797) 0.588
Ovs2 3.212 (1.437-7.716) 0.004
LMR >34vs <34 1.658 (1.092-2.518) 0.018
CA19-9 (U/mL) <27vs>27 1.482 (1.007-2.182) 0.046
AST (IU/L) <40vs = 40 2.377 (1.359-4.155) 0.002
KM treatment duration (mo) =29vs<29 1.718 (1.160-2.543) 0.007

mGPS: Modified Glasgow prognostic score; LMR: Lymphocyte to monocyte ratio; CA19-9: Carbohydrate antigen 19-9; AST: Aspartate aminotransferase;

KM: Korean Medicine.

P = 0.004) were increased compared with mGPS 0.
The patients with low LMR level showed significantly
increased risk of death than patients with high LMR level
(HR = 1.658, 95%CI: 1.092-2.518, P = 0.018). Of the
biochemical markers, the level of CA19-9 and AST were
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independent predictors for survival. The high level of
CA19-9 (CA19-9 > 27) was associated with increased
risk of death (HR = 1.482, 95%CI: 1.007-2.182, P
= 0.046), and the high level of AST (AST = 40) was
significantly associated with poor survival time (HR
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= 2.377, 95%CI: 1.359-4.155, P = 0.002). Besides,
treatment duration less than 2.9 mo was significantly
associated with shortened survival time (HR = 1.718,
95%CI: 1.160-2.534, P = 0.007).

DISCUSSION

The systemic inflammation response of the host
is one of the representative biomarkers of host-
related factors that predict the prognosis of cancer.
We investigated the relationship between systemic
inflammation markers of GPS, NLR, PLR, LMR, and
OS in relapsed/refractory mCRC patients. Besides
systemic inflammation markers, the clinicopathologic
indexes of the performance status, tumor markers,
presence of liver metastasis, and nutritional status
were also evaluated to determine their impact on the
survival time of mCRC patients.

The mGPS is an inflammation marker comprised
of CRP and albumin. A previous study reported that
mGPS increases with weight loss and low performance
status in colon and lung cancer patients, which
seemed to be associated with survival®®. Several
studies compared mGPS 0 with mGPS 1-2 or mGPS 0-1
with mGPS 2 for statistical significance™**, but mGPS
was compared without further grouping in our study.
The levels of mGPS were identified as independent
prognostic factors for survival. Specifically, patients
with a score of mGPS 2 were significantly associated
with poor survival, and this result was due to the
fact that albumin was one of the highly associated
nutritional markers. A high mGPS score before
initiation of treatment can predict a poor survival
outcome, which may influence the choice of an
appropriate treatment modality.

In the tumor microenvironment, it is known that
neutrophils affect proliferation, angiogenesis, and
metastases by interacting with tumor cells producing
cytokines and chemokines®?*, Also, there has been a
study reporting that elevated neutrophil and monocyte
counts are associated with poor survival in metastatic
melanoma®. Lymphocytes play a key role in human
immunity. Lymphopenia is frequently observed
in advanced cancer patients, and the decrease in
lymphocyte count is strongly associated with a poor
prognosis of progression-free survival and OS in
advanced cancer patients™®. Our study demonstrated
that an increased percentage of neutrophils and
monocytes and a decreased percentage of lymphocytes
were related to a short OS. LMR has been studied
in Hodgkin’s lymphoma patients, and this study
indicated that it is a possible prognostic factor along
with International Prognostic Score'”. In this study,
LMR was found to be an independent prognostic factor
for mCRC. Chua et al'™ reported that NLR before
chemotherapy is an independent prognostic factor of
survival in mCRC, but in this study NLR showed an
impact on survival only with univariate analysis. PLR
was also assessed for its relationship with survival, and
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it did not show any impact on survival as shown in the
previous study™”,

We also evaluated whether PNI could be an
effective variable for survival in mCRC patients. Until
recently, PNI has been studied for gastric cancer
patients who underwent a gastrectomy, and the OS of
those patients was mostly dependent on the nutritional
status and the immune system™**). Few studies have
researched the significance of PNI as a prognostic
factor for survival in mCRC.

The efficacy of CA19-9 as a prognostic factor of
survival in the previous studies has been reported with
diverse outcomes according to the cut-off value of the
study™®?®], The optimal cut-off value of CA19-9 of this
study was 27 U/mL by the reference value, and it was
an independent prognostic marker for survival.

To evaluate the relationship between survival and
hepatic or renal function, AST, ALT, and eGFR were
also analyzed with the proportional hazards regression.
Fahmueller et a/*” reported that elevated AST and
CRP before selective internal radiation therapy in CRC
patients with liver metastases were prognostic factors
for survival, and concluded that liver tissue damage
before treatment and treatment-induced ischemia
resulted in poor survival of CRC patients. In this study
liver metastasis was shown in 108 patients and the
elevations of AST and ALT were observed in 30 and
20 patients, respectively. The liver metastasis and
elevated levels of AST and ALT from univariate analysis
showed strongly associated with the short survival
time (Table 2).

Based on the results of univariate analyses, the
factors that showed a significant effect on OS were
ECOG performance status of patients, the presence
of liver metastasis, tumor markers CEA and CA19-9,
the Hb, AST, and ALT in serum, and the nutrition index
of PNI, as well as measured systemic inflammation
markers of mGPS, NLR, PLR, and LMR. Interestingly
all the systemic inflammation markers were revealed
to have significant associations on survival time in
univariate analysis. On the basis of this result, we
could verify that the survival time of mCRC patients
was strongly associated with systemic inflammation.

On multivariate analysis using Cox proportional
hazards model in forward and backward stepwise
manners, the same predictors from analysis results
were obtained that mGPS and LMR of systemic
inflammation markers, CA19-9, AST, and treatment
duration were independent prognostic predictors for
survival time. The prognostic factors to predict survival
time in relapsed/refractory mCRC patients were
mGPS and LMR to reflect the systemic inflammatory
condition of host, CA19-9 of colorectal cancer marker,
AST of liver enzyme to indicate the hepatic function.
Regarding the treatment duration of KM, the pro-
longation of survival was seemed to be associated with
the length of treated time.

Most of studies on mCRC patients have focused
on the prognosis of initial treatment after diagnosis.
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The standard regimen of chemotherapy on mCRC
is FOLFOX, FOLFIRI, CapeOX, and FOLFOXIRI with
the addition of biologic agents such as bevacizumab,
cetuximab, and panitumumab in the case of patients
who were appropriate for intensive care®®. Cancer
patients often consider another approach for ma-
nagement after experiencing a relapse in spite of
conventional treatment. Patients who can’t undergo
radical treatment because of age, performance status,
and/or comorbidities also consider cancer management
based on traditional medicine in East Asia. In this
study, we aimed to focus on relapsed/refractory mCRC
patients. The majority, 72.3% of enrolled patients, had
received our management after undergoing second- or
third-line chemotherapy. It took 9.4 mo to initiate our
management after diagnosis of mCRC, demonstrating
the status of enrolled patients. Therefore, this study
result could be a guide for mCRC patients who relapsed
with standard therapy.

Cancer management in East Asian Medicine is
focused on host-based treatment to strengthen energy
through Qi and Blood, which is the same viewpoint
of palliative care, an approach to improve the quality
of life in physical, psychosocial, and spiritual ways
through the relief of symptoms, pain, and other
problems®,

The anticancer agent of this study, RVS, has been
traditionally used since the 15" century in Korea
for the treatment of abdominal masses because of
its reported ability to break up hardness. There has
been evidence for an anticancer effect of RVS based
on reported anti-proliferative and apoptotic activity
in various cancer cells of lymphoma, osteosarcoma,
breast cancer, and hepatoma'’**%, Furthermore,
RVS inhibited the cancer cell migration mediated by
matrix metalloproteinases, especially MMP-2 and
MMP-9, in human fibrosarcoma cells*®!. RVS has also
been shown to have antitumor activities involving
inhibition of proliferation and migration of human
umbilical vein endothelial cells induced by VEGF™".
RVS has been widely used for advanced cancer
patients who do not have any further choice in the
conventional standard therapies. The previous study
on RVS in mCRC patients reported a median OS of
10.9 mo in 2009,

This study is limited by the retrospective review of
medical records. Another limitation was the relatively
short duration of median treatment and follow-up
periods. However, considering that enrolled patients
had relapsed mCRC after undergoing second line
chemotherapy in 30.5% of cases and third line
chemotherapy in 41.8% of cases, the treatment
duration of 3 mo based on clinical practice was hardly
regarded as short term. We identified useful prognostic
factors at the initial treatment point. With regard to
far-advanced mCRC patients, evaluating repeated
points of inflammation markers during management
could lead to more confident results™ ',

In the management of cancer patients, determination
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of prognosis could be continuously required to make
decisions when undergoing adjuvant therapy, to consider
the adverse events of chemotherapy, to apply optimal
palliative care, and to determine the best time to initiate
supportive care. Especially host-based studies of cancer
are becoming a more important issue in various points
of cancer management, and research on host-based
factors at various cancer will develop to prolong survival
and to improve quality of life in cancer treatment.
The results of this study could be applied to clinical
judgments regarding survival prognosis for relapsed/
refractory mCRC patients.

COMMENTS

Background

The systemic inflammatory response has been recognized to associate with
the progression in cancer patients. In clinical practice C-reactive protein and
white blood cell counts has been measured for the assessment of systemic
inflammation.

Research frontiers

Recently, the identification of prognostic biomarkers to predict overall survival
and benefit of therapeutic modality is one of hot issues in cancer practice
because the prediction on prognosis for survival enables to decide the
treatment goal and to determine the treatment modality.

Innovations and breakthroughs

The value of this study was to compare all the available systemic inflammation
markers, modified glasgow prognostic score (mGPS), neutrophil lymphocyte
ratio, platelet lymphocyte ratio, lymphocyte monocyte ratio, and prognostic
nutritional index in metastatic colorectal cancer (nCRC) patients. Among
available markers, the mGPS and lymphocyte monocyte ratio were the
strongest prognostic factors to predict overall survival in mCRC patients.
Especially, the prediction on survival in relapsed or refractory mCRC patients
is important issue to determine the cancer treatment modality. There was none
study to compare the systemic inflammation markers for relapsed or refractory
mCRC patients.

Applications

Based on the result of this study, lymphocyte monocyte ratio (LMR) was the
powerful prognostic factors than well-known other systemic inflammation
markers. LMR showed consistent significance on the prediction for survival
after adjusting other markers. Calculating just with the counts of lymphocyte
and monocyte, LMR could be easily applied for the survival predictor in clinical
practice. The level of mGPS is also a significant predictor of overall survival,
especially mGPS 2 indicates the poor survival outcome.

Peer-review

Song et al reported, in 177 mCRC patients, the correlation between systemic
inflammation-based prognostic markers and overall survival. The authors
demonstrated the prognosis value of modified Glasgow Prognostic Score,
Lymphocyte Monocyte ratio, carbohydrate antigen 19-9, and aspartate
aminotransferase in stepwise modeling of multivariate proportional hazards
regression. Patients were mostly refractory mCRC. The strength of this study is
to have excluded patients with chemotherapy within 4 wk what could skew the
biological results. The results can help decision making in refractory mCRC and
selected patients for other chemotherapy regimen or best supportive care. The
results are well analyzed and described. All these prognostic markers can be
easy incorporated in everyday practice work.
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