
131 Available Online at www.ijscia.com | Volume 5 | Issue 1 | Jan - Feb 2024
  
 

 

 
 

 
 
 

 

Correlation Between C-Reactive Protein (CRP) Level and 
Chemotherapy Response in Colorectal Cancer Patients Based on 

Carcinoembryonic Antigen (CEA) Levels in Post Definitive 
Operative and Adjuvant Chemotherapy Three Series  

at Prof. Dr. I.G.N.G Ngoerah Denpasar Hospital 
 

Anak Agung Ngurah Bayu Putra1*, Made Agus Dwianthara Sueta2,  
and Tjokorda Gde Bagus Mahadewa3 

 

1Department of General Surgery, Faculty of Medicine, Udayana University,  
Prof. Dr. IGNG Ngoerah General Hospital, Denpasar, Indonesia (80113) 

 

2Division of Digestive Surgery, Department of Surgery, Faculty of Medicine,  
Udayana University, Prof. Dr. IGNG Ngoerah General Hospital, Denpasar, Indonesia (80113) 

 

3Division of Neurosurgery, Department of Surgery, Faculty of Medicine,  
Udayana University, Prof. Dr. IGNG Ngoerah General Hospital, Denpasar, Indonesia (80113) 

 

E-mail: aangurahbayuputra@gmail.com; agus_sueta@yahoo.com; 
tjokmahadewa@unud.ac.id 

 

*Corresponding author details: Anak Agung Ngurah Bayu Putra; 
aangurahbayuputra@gmail.com 

 

ABSTRACT 
Background: Colorectal cancer is the third leading cause of cancer-related deaths worldwide. Surgical therapy 
is the primary modality for early-stage cancer with curative goals; chemotherapy is the direct option in 
advanced cancer with palliative goals; radiotherapy is one of the primary therapy modalities for rectal cancer. 
The markers for chemotherapy response include CRP and CEA. Elevated CRP and CEA levels in CRC patients 
are associated with poor chemotherapy response. Objective: to determine the relationship between C-reactive 
protein (CRP) levels and chemotherapy response measured by Carcinoembryonic Antigen (CEA) levels in 
colorectal cancer patients at Prof. Dr. IGNG Ngoerah Hospital. Method: analytic observational study with a 
retrospective cohort study design. The sample in this study used the total consecutive sampling method. The 
analysis was carried out with the help of SPSS, including descriptive statistical tests, chi-square tests, and 
correlation tests with Spearman-Rho. Results: 58 patients were divided into 2 groups of 29 each for the group 
with high CRP levels (≥5 mg/dl) and low CRP levels (<5 mg/dl). The male subjects with the most age <60 years 
and stage III. Most duration of illness < 2 years. The relationship between CRP levels and chemotherapy 
response was based on CEA, RR 3.2 [95% CI 1.1-9.6; p 0.030], and the value of the positive correlation 
coefficient with strong strength is r = 0.722. Conclusion: high CRP levels are significantly associated with a 
strong correlation to worse chemotherapy response in colorectal cancer patients characterized by a high risk 
of increasing CEA levels 3.7 times after three series of FOLFIRI adjuvant chemotherapy. 
 

Keywords: colorectal cancer; C-reactive protein (CRP); carcinoembryonic antigen (CEA); adjuvant 
chemotherapy; definitive surgery
 

INTRODUCTION  
Colorectal cancer (CRC) is a malignant tumor that 
arises from the epithelial tissue of the colon, 
consisting of the colon and/or rectum, part of the 
large intestine in the digestive system called the 
gastrointestinal tract [1]. According to Global Burden 
Cancer (GLOBOCAN) data, there are 1.93 million 
newly diagnosed colorectal cancer cases, and 
according to World Health Organization (WHO) data, 
there are 0.94 million colorectal cancers that cause 
death in 2020 worldwide [2].  

 

 
Colorectal cancer is the third leading cause of cancer-
related deaths worldwide, with an estimated 
515,637 deaths among men and 419,536 deaths 
among women in 2020 [3] 
 
According to the American Cancer Society in the 
same year, there were 104,610 new cases of colon 
cancer and 43,340 cases of rectal cancer diagnosed 
in the United States. 

International Journal of Scientific Advances 

ISSN: 2708-7972 

Volume: 5 | Issue: 1 |  Jan – Feb 2024 Available Online: www.ijscia.com  

DOI:  10.51542/ijscia.v5i1.22 

 

 

http://www.ijscia.com/
www.ijscia.com


132 Available Online at www.ijscia.com | Volume 5 | Issue 1 | Jan - Feb 2024
  
 

International Journal of Scientific Advances                                                                                                   ISSN: 2708-7972 
    

 

Although the majority of colorectal cancers occur in 
adults aged ≥50 years, 17,930 (12%) cases were 
diagnosed in individuals <50 years. There are an 
estimated 53,200 deaths from colorectal cancer, 
including 3,640 deaths in men and women under the 
age of 50 [4]. In 2018 colorectal cancer ranked 5th 
(8.6%) and 3rd (9.2%) cause of death in 
Indonesia[5]. The prevalence of colorectal cancer in 
Bali, especially at Prof. Dr. I.G.N.G Ngoerah Hospital 
in the period 2010 - 2014 based on research 
conducted by Yogi et.al reported a total of 64 cases in 
2010, 71 cases in 2011, 96 cases in 2012, 77 cases in 
2013 and in 2014 there were 127 cases. Based on 
these findings, it was found that the prevalence of 
colorectal cancer cases in Bali based on data at Prof. 
Dr. I.G.N.G Ngoerah Hospital has increased [6]. While 
in 2017 at Prof. Dr. I.G.N.G Ngoerah Hospital, 44 
cases were found with the youngest age being 23 
years old and the oldest age being 80 years old [7]. 
 
In the early stages of cancer growth, people who 
have colorectal cancer generally have no symptoms. 
Symptoms generally start to appear in advanced 
stages of cancer, which is a contributing factor to 
delayed diagnosis. A digital rectal examination in 
patients with anorectal symptoms and a colonoscopy 
are the most recommended methods. A fecal occult 
blood test can be performed as an initial screening. 
This test has high sensibility based on the Guaiac test 
or immunologic tests [8,9]. 
 
Tumor staging and prognosis are based on the 
American Joint Committee on Cancer (AJCC/UICC) 
TNM system, which also determines which patients 
receive additional chemotherapy after surgery. 
However, patients within the same TNM stage may 
show different recurrence and survival rates. For 
example, it was found that 20-25% of patients with 
cancer without lymph node (KGB) metastasis or 
distant metastasis still had recurrence (Galon et al., 
2018). This clearly shows that the TNM system alone 
is not sufficient and additional information is needed 
to improve prediction and outcomes [10]. 
 
Once a diagnosis of CRC is made, the selection of 
appropriate management is necessary to improve 
the patient's condition. Surgical therapy is the main 
modality for early-stage cancer with curative 
purposes. Meanwhile, chemotherapy is divided into 
3 types, namely neoadjuvant, adjuvant, and 
therapeutic/palliative chemotherapy. Neoadjuvant 
chemotherapy is the use of precursor drugs to shrink 
the size of the primary cancer so that additional 
treatments are more effective. This is different from 
adjuvant chemotherapy which is done after surgery 
or radiation with the aim of killing any remaining 
cancer cells. Palliative chemotherapy is a treatment 
designed to relieve symptoms and prolong survival. 
Radiotherapy is generally performed on rectal 
cancer types [11]. 
 
Some of the widely used colorectal cancer treatment 
regimens are the FOLFOX and FOLFIRI regimens. 
The FOLFOX regimen consists of folinic acid (FOL), 
fluorouracil (F), and oxaliplatin (OX). This regimen 
has been the standard adjuvant therapy for stage III 

colon cancer patients since 2004. Oxaliplatin works 
by intracellular hydrolysis which inhibits cell death 
DNA replication, and since oxaliplatin is known to 
cause neurotoxicity, a reduction in therapy cycles 
has been made. The FOLFIRI regimen consists of 
folinic acid (FOL), fluorouracil (F), and irinotecan 
(IRI). This regimen is used for the treatment of 
advanced and metastatic colorectal cancer. 
Irinotecan works by inhibiting the function of the 
topoisomerase I enzyme which results in the 
disruption of DNA replication [12]. 
 
Chemotherapy in CRC can be influenced by several 
factors such as age, location of metastases, and the 
presence of inflammatory factors [13]. There are 
several signs of systemic inflammation in colorectal 
cancer patients that are acute in nature, most notably 
C-reactive protein (CRP) [10]. The potential of CRP 
as a marker to predict survival, chemotherapy 
response, and tumor progression in patients with 
CRC has been widely evaluated. Recently, markers of 
systemic inflammation have been reported to 
correlate with survival in patients with different 
types of cancer [14–16]. CRP is secreted by 
hepatocytes in the acute phase after proinflammatory 
stimulus, especially IL-6, IL-1, and tumor necrosis 
factor-α (TNF-α). IL-6 induces CRP from MMP-9 via 
Cox-2-dependent and Cox-2-independent mechanisms, 
which are directly linked to the pathogenesis of 
chronic inflammatory diseases and cancer [8,17]. 
 
Several previous studies have shown an association 
between the expression of inflammatory markers 
such as CRP and chemotherapy response in 
colorectal cancer. Partl et al's 2020 study found that 
increased pre-treatment CRP levels in patients with 
locally advanced rectal cancer were associated with 
a worse prognosis, especially in patients who 
received neo-adjuvant radiochemotherapy [11]. 
Another study evaluating the inflammatory marker 
CRP on chemotherapy response showed that 
patients with low CRP levels tended to have a better 
chemotherapy response rate than the high CRP 
group (36.0% vs. 11.8%, p=0.085). In addition, there 
was a significantly higher disease control rate in the 
low CRP group than in the high post-chemotherapy 
CRP group (81.4% vs. 47.1%, p=0.005). Evaluation of 
prognosis based on CRP levels showed that the 
overall survival rate was significantly worse in the 
group of patients with high CRP levels (p<0.0001). 
Similarly, progression-free survival rate was found 
to be significantly worse in post-chemotherapy 
patients with high CRP levels (p=0.0402). Both pre-
chemotherapy and post-chemotherapy CRP levels 
have been shown to correlate with survival and 
chemotherapy response [18].  
 
Tumor markers CEA, absolute lymphocyte count, 
platelet count, NLR, and fibrinogen can also be used 
as pre-CRT (chemoradiotherapy) biomarkers to 
predict oncological outcomes in CRC patients treated 
with CRT followed by total mesolectal excision 
(TME). A study showed that elevated pre-CRT levels 
of CRP, NLR, and CEA in CRC patients treated with 
preoperative CRT were predictors of worse OS 
Multivariate analysis revealed that elevated CRP and
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ypN-positive (pathologic TNM stage III) were 
significant independent prognostic factors 
associated with poor OS, while elevated pre-CRT CRP 
and CEA levels also predicted early recurrence [19]. 
 
Therefore, elevated CRP and CEA levels in CRC 
patients are associated with poor chemotherapy 
response  [10,20]. Thus, this study aims to determine 
the relationship between CRP and CEA levels with 
post-adjuvant chemotherapy response in three 
series of CRC patients at Prof. Dr. I.G.N.G Ngoerah 
Hospital. 
 
This study is an analytic observational study with a 
cross-sectional design. This study assesses the 
relationship of C-reactive protein (CRP) levels to the 
chemotherapy response of colorectal cancer (CRC) 
patients assessed based on Carcinoembryonic 
Antigen (CEA) levels in patients who have received 
three series of FOLFIRI adjuvant chemotherapy.  
 
The study was conducted at the Department of 
Surgery and Medical Records Installation of Prof. Dr. 
I.G.N.G Ngoerah Hospital Denpasar. The study will be 
conducted in February-December 2022. Inclusion 
criteria: CRC patients based on histopathological 
examination; Patients age ≥40 years; Patients who 
have undergone definitive surgical procedures such 
as ultra-low resection, low anterior resection, 
right/left hemicolectomy, and Hartman procedure; 
Patients who received 3 series of FOLFIRI 
chemotherapy; Patients already have CRP and CEA 
examination data. Exclusion criteria: Patients 
experiencing loss to follow-up; Incomplete patient 
medical record data;  

Patients who did not undergo definitive surgery; 
Patients who did not receive chemotherapy; and 
Patients who did not receive FOLFIRI chemotherapy. 
 
The sample in this study used the total consecutive 
sampling method, namely all patients suffering from 
CRC who fit the inclusion criteria.  
 
Data analysis using the Windows SPSS 24.0 
(Statistical Package for Social Science) program with 
the following stages: Descriptive statistical analysis, 
chi-square test, and spearam rho test. 
 
RESULTS  
Data characteristics obtained by gender were not 
significantly different in the two groups, the group 
with high CRP found 16 men (55.2%) and 13 women 
(44.8%) while the group with low CRP found 15 men 
(51.7%) and 14 women (48.3%). Age did not differ 
in the two groups with a mean ± SD of 52.9 ± 7.2 
years in the high CRP group and 58.1 ± 8.8 years in 
the low CRP group with the most age < 60 years 25 
people (86.2%) in the high CRP group and 18 people 
(62.1%) in the low CRP group. The type of surgery 
performed most in the high CRP group was with 
Hartman Procedure 12 people (41.4%) while in the 
low CRP group the most surgery with Hemicolectomy 
9 people (31.1%). The stage of cancer in both groups 
was the same, namely at stage III, with 26 people in 
the high CRP group (89.6%) and 24 people in the low 
CRP group (82.8%). The length of disease was mostly 
< 2 years in both groups, in the high CRP group 24 
people (82.8%), and low CRP 17 people (82.8%) 
(Table 1).

 
TABLE 1: Characterization of study subjects (n=58). 

 

Characteristics 

CRP levels 

P-value High 
(n-29) (%) 

Low 
(n=29) (%) 

Gender    

Male 16 (55,2) 15 (51,7) 
0,599 

Female 13 (44,8) 14 (48,3) 

Age (years) mean±SD 52,9±7,2 58,1±8,8 0,116 

< 60 years 25 (86,2) 18 (62,1) 

0,103 60-69 years 3 (10,3) 7 (2,4) 

≥ 70 years 1 (3,4) 4 (13,8) 

Operation Type    

Ultra-Low Resection 3 (10,3) 7 (24,1) 

0,120 
Low Anterior Resection 4 (13,8) 6 (20,7) 

Hemicolectomy D/S 10 (34,5) 9 (31,1) 

Hartman Procedure 12 (41,4) 7 (24,1) 

Cancer Stage    

II 3 (10,1) 5 (17,2) 
0,446 

III 26 (89,9) 24 (82,8) 

Duration of Disease    

< 2 years 24 (82,8) 17 (82,8) 
0,043* 

2-4 years 5 (17,2) 12 (17,2) 

Age at menopause (mean ± SD) years 50,24 50,38 0,820 
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Characteristics 

CRP levels 

P-value High 
(n= 29) (%) 

Low 
(n= 29) (%) 

Nutritional status (mean±SDS) kg/m2 21,69 21,70 0,789 

Less 1 (3,4) 2 (6,9) 

0,689 Normal 27 (93,1) 25 (86,2) 

Obesity 1 (3,4) 2 (6,9) 

CRP (Median (Min-Max)) * mg/dL 7,8 (1-10,9) 3,5 (1,2-4,8) <0,001* 

CEA (Median (Min-Max)) * µg/L 16,2 (3,7-78,5) 4,7 (1,8-10,9) 0,002* 
 

*Significant; SD: Standard Deviation.
 
The age of menopause in both groups did not have a 
significant difference with the results in high and low 
CRP levels at the age of 50 years. Gixi status was 
found to be not significantly different in the two 
groups with the results of undernutrition in the high 
CRP group only 1 person (3.4%) while in the low CRP 
group 2 people (6.9%), the most normal nutrition in 
the high CRP group was 27 people (93.1%) and low 
CRP as many as 25 (86.2%). 
 
 

 
The value of CRP levels (Median (Min-Max)) was 
obtained in the high CRP group 7.8 (1-10.9) mg/L 
and in the low CRP group 3.5 (1.2-4.8) mg/L. The 
value of CEA levels (Median (Min-Max)) in the high 
CRP group was 16.2 (3.7-78.5) µg/L and in the low 
CRP group was 4.7 (1.8-10.9) µg/L. 
 
The results of the analysis of the relationship 
between CRP levels and adjuvant chemotherapy 
response in CRC patients based on CEA levels are 
presented in Table 2.  

 
 

TABLE 2: Chi-Square Analysis. 
 

CRP levels 

CEA levels 

RR 95% IK P-value High 
(≥5 µg/L) 

(n= 34) (%) 

Low 
(<5 µg/L) 

(n=24) (%) 

High 
(≥5 mg/L) 

21 (61,7) 8 (33,3) 

3,231 1,081-9,656 0,030 
Low 

(< 5 mg/L) 
13 (38,3) 16 (66,7) 

 
The results of Table 5.2 show that high CRP levels ≥5 
mg/L have an RR of 3.2 [IK 95% 1.1-9.6; p 0.030] on 
adjuvant chemotherapy response in CRC patients 
based on CEA levels, which means that high CRP ≥5 
mg/L has a risk factor for an increase in CEA levels 
≥5 µg/L 3.2 times compared to low CRP levels <5 

mg/dL with a range of 1.1-9.6 times which is 
statistically significant (p=0.030). 
 
Correlation analysis using the Spearman Rho test 
between CRP levels and CEA levels results are shown 
in Table 3 and the scatter plot in Figure 1. 

 
 

TABLE 3: Correlation test of CRP levels with CEA levels. 
 

Variables CEA levels 

CRP levels 

Correlation (r) 0,722 

P-value <0,001* 

Number (n) 58 
 

 *Significant when p<0.05; correlation analysis with Spearman Rho test. 
 
In Table 3, the positive correlation coefficient value 
with strong strength is r = 0.722. This means that 
there is a strong positive relationship between CRP  
 
 
 
 

levels and CEA levels. The greater the CRP level, the 
higher the CEA level. 
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FIGURE 1: Scatter plot of CRP levels with CEA levels.

 
 

DISCUSSION 
The results of this study obtained the number of 
subjects involved as many as 58 patients with a 
division of 2 groups of 29 people each for the high 
CRP level group and low CRP levels. The results of 
gender were found to be not significantly different in 
the two groups, the group with high CRP was found 
to be 16 men (55.2%) and 13 women (44.8%) while 
the group with low CRP was 15 men (51.7%) and 14 
women (48.3%). The results of gender were also not 
found to be associated with CEA levels.  
 
Colorectal cancer affects most men and is the third 
leading cause of cancer-related deaths worldwide, 
with an estimated 515,637 deaths among men and 
419,536 deaths among women in 2020 [3]. The 
results of this study are the same as those of [21] 
where there were 44 (55.7%) more men, [22] men 
41 (58.6%), and in Fauzia (2018) men 23 (69.7%), 
and data from previous research at Prof. Dr. I.G.N.G 
Ngoerah Hospital CRC patients in 2016-2017 were 
also dominated by men 73 (53.3%) [23]. 
 
Hormonal factors are said to be less influential 
although external use of estrogen and progestin has 
a protective effect against colorectal cancer. Many 
studies suggest that the risk of colorectal cancer is 
increased in people with obesity, a high-fat diet (fat 
is associated with the development of bacterial flora 
that degrades bile salts into potentially carcinogenic 
N-nitroso components), high calories, and lack of 
fiber, consuming a lot of red meat, (meat cooked at 
high temperatures triggers the production of 
heterocyclic amino and polycyclic aromatic 
hydrocarbons, which are carcinogenic ingredients), 
consuming less fruit, rarely exercising, and smoking 
[24]. 
 
The prevalence of CRC in Indonesia is 8.6% of all 
cancers with a male prevalence of 19.1 per 100,000 
and in women 15.6 per 100,000 population with 
most cases experienced by individuals with 
advanced age [25].  
 

 
 
 
The results of this study showed that age was not 
different in the two groups with a mean ± SD of 52.9 
± 7.2 years in the high CRP group and 58.1 ± 8.8 years 
in the low CRP group with the most age < 60 years 25 
people (86.2%) in the high CRP group and 18 people 
(62.1%) in the low CRP group. Age was found to have 
no effect on CRP and CEA levels. 
 
The results of this study are the same as the research 
(Fernanda and Wisnaningsih, 2018) in 70 sample 
patients, the most age results were obtained in> 50 
years [22]. The results of this study are also in 
accordance with the results of this study Sitorus, 
2010 [21] where the most age was also at the age of 
40-60 years 47 patients (59.49%) and Fauza's 
research (2018) also stated that the most age was 
<60 years as many as 22 (66.7%) [26]. 
 
The results are different from Pestana, 2016 where 
CRC is a disease that is often found in the elderly, 
occurring more frequently in the sixth and seventh 
decades of life, although an increase in incidence in 
younger individuals has been observed in recent 
decades. Previous research conducted by Myers 
where in his research Myers used a sample of 180 
patients under the age of 50 years [27]. 
 
The type of surgery performed most in the high CRP 
group was with Hartman Procedure 12 people 
(41.4%) while in the low CRP group the most surgery 
with Hemicolectomy 9 people (31.1%). The Hartman 
procedure was found to have an incidence of 
morbidity of 23%-69% and mortality of 1%-28%. 
[28]. Hemicolectomy has an incidence of 
complications of 42.8%-83.3% which include 
infection, sepsis, abscess, anastomosis leakage, and 
obstruction, with morbidity of 12.5-28.1%, and 
mortality of 13% [29]. 
 
The incidence of CRC is complex because it has a high 
mortality rate. 
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The high mortality rate is influenced by prognostic 
factors of CRC patients, clinicians use clinical 
indicators including clinical stage, histopathological 
grade, and tumor location (Sutrisna, 2018). 
According to the American Society of Clinical 
Oncology (ASCO) recommendations in 2006, 
Carcinoembryonic Antigen (CEA) is checked before 
surgery to assist in staging or action plans as well as 
in monitoring therapy response during active 
treatment. The prognostic of the patient is good if it 
comes at an early stage so that therapy can be carried 
out curatively. Unfortunately, most patients in 
Indonesia present at an advanced stage, resulting in 
low life expectancy, regardless of the therapy given. 
Patients come to the hospital often in an advanced 
stage due to unclear initial symptoms and do not 
know or consider the importance of early symptoms 
that occur [30]. The results showed that the stage of 
cancer in both groups was the same, namely at stage 
III, the most people, were 26 people in the high CRP 
group (89.6%) and 24 people in the low CRP group 
(82.8%). Stage in this study was not significantly 
associated with CRP levels or CEA levels. The results 
of this study are different from Koike et al., (2008) 
who found that CRP ≥ 5 mg/dl is associated with a 
higher stage. High CRP levels found in stages I and II 
would be predictive of early disease recurrence, even 
when the CEA test was found to be a modest value <6 
µg/L. High CRP levels were significantly associated 
with higher stage and incidence of metastasis 
p<0.001 [31]. 
 
The length of disease was mostly < 2 years in both 
groups, in the high CRP group 24 people (82.8%), 
and low CRP 17 people (82.8%). The 3-year survival 
of CRC patients is only 55% without adjuvant 
chemotherapy and will increase to 90% with 
adjuvant chemotherapy [32]. Disease duration is not 
associated with CEA and CRP levels.  
 
The ASCO Tumor Marker Expert Panel recommends 
postoperative CEA screening every 3 months for 
stages II and III for 3 years. CEA is the only biomarker 
that should be routinely measured in patients with 
CRC [33,34]. Postoperative CEA is important because 
it is an independent prognostic factor for disease-
free survival (DFS) of colorectal cancer. At a CEA 
relevance score of 5 ng/ml, the sensitivity of CEA is 
37% for diagnosing colorectal cancer, 37% for 
patients with Dukes stage B, 66.6% for patients with 
stage C, and 75% for patients with stage D. The 
specificity of CEA for colorectal cancer at 5 ng/ml is 
76.98% and at 10 ng/ml is 86% [35]. 
 
The value of CRP levels (Median (Min-Max)) was 
obtained in the high CRP group 7.8 (1-10.9) mg/L 
and in the low CRP group 3.5 (1.2-4.8) mg/L. The 
value of CEA levels (Median (Min-Max)) in the high 
CRP group was 16.2 (3.7-78.5) µg/L and in the low 
CRP group was 4.7 (1.8-10.9) µg/L. The cut-off limit 
value of CEA was 5 µg/L with a sensitivity of 79.3% 
and a specificity of 82.8%. 
 
Research results [36] The results of CRP levels 
(Median (Min-Max)) in CRC were 11.3 (0-152.4) 
while CEA levels were 4.2 (0-4488.9) µg/L. In stage 

III, the CRP level was found to be 6.2 (2.3-60.8) 
higher than the CRP level in stage II which was 4.0 
(1.6-191.5) while the CEA level was found to have the 
same median between stages II and III, in stage II 2.8 
(0-116.3) while stage III 2.2 (0.5-366.6). Patients 
who are still alive within 3 years have CRP levels 
with a Median (Min-Max) of 8.3 (0-152.4) while 
those who died are 75.3 (2-147.6), while the CEA 
results are obtained in those who are still alive with 
a Median (Min-Max) of 2.2 (0.2-366.6) while those 
who died with a result of 3.1 (0.6-1982). The limit of 
increasing CRP levels was found to be 9.7 mg/dL 
with a sensitivity of 82.1%, while the CEA limit with 
a cut-off point of 5 µg/L had a sensitivity of 79.4%. 
[36]. 
 
Serum CRP levels above 140 mg/L have a sensitivity 
of 80%, specificity of 81%, and a positive predictive 
value of 85.7% in predicting postoperative 
complications of CRC. [37]. The results of Koike's 
research, 2008 mentioned that CRP levels ≥5 mg/dl 
can be used as a predictor of worse in patients with 
CRC. In the study of Nikiteas et al., 2005 serum CRP 
levels in CRC patients were obtained (median value: 
6.79 mg/L, range 0.3-182 mg/L), the limit of pre-
operative CRP ≥7 mg/dl increase can be an indicator 
of potential tumor malignancy and a predictor of 
poor prognosis in CRC patients. 
 
Elevated CEA showed an increased potential for 
recurrence with an HR of 7.91 (CI 95% 3.43-18.24,). 
In univariate analysis adjusted for baseline 
characteristics, elevated CEA was associated with 
disease free-survival (DFS) (HR 7.23, CI95% 3.85-
13.58 with a 10-year DFS rate of 6% in elevated CEA 
vs 63% in normal CEA). In multivariate analysis, it 
was found that elevated CEA was associated with 
poor DFS (HR 8.63, CI 95% 3.82-19.50) and overall 
survival (OS) (HR 10.17, CI 95% 4.35-23.79). 
Elevated pre-treatment CEA (>9 µg/mL) was 
associated with poor response to long-term 
chemoradiotherapy compared with CEA <3 ng/mL. 
Decreased CEA after neoadjuvant chemoradiotherapy 
has prognostic significance in CRC, with CEA 5 ng/mL 
correlating with improved clinical and pathologic 
response and better overall survival and DFS [38,39].  
 
In the results of bivariate analysis, it was found that 
high CRP levels ≥5 mg/L had an association with the 
chemotherapy response of CRC patients based on the 
increase in CEA levels ≥5 µg by 3.2 times [IK 95% 1.1-
9.6; p 0.030]. The results of this study are not different 
from those conducted by Koike et al., (2008) who 
found that high CRP levels ≥5 mg/L can be used as a 
significant predictor (p<0.01) of a worse 
chemotherapy response in colorectal cancer patients, 
and the results of multivariate tests also found that 
CRP is an independent factor in post-chemotherapy, 
chemoradiotherapy and postoperative prognostics 
[32]. The average survival after undergoing curative 
resection of the tumor in the presence of CRP ≥5 
mg/L with CRP <5 mg/L results were found to be 14 
months with 40 months; p=0.0002. CRP levels ≥5 
mg/L and CEA levels ≥6 µg/L preoperatively were 
found to be the same as predictors of poor survival 
with p values in CRP 0.01 and CEA 0.03. 
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Whereas in the study of Nikiteas (2005) [40] showed 
that CRP ≥7 mg/L before surgery can be used as a 
worse prognostic marker even though there is no 
increase in CEA levels. This increase in CRP 
concentration reflects acute phase protein synthesis 
during tumor progression. In the study by Groblewska 
et al.'s (2008), it was found that CRP ≥9.7 mg/dL was 
a predictor of chemotherapy response with p < 0.001 
by 82.1%, while in this study, the effect of CRP was 
66.9%, this result was lower because the subjects in 
the study were limited to stages II and III, while 
Groblewska's study was conducted at all stages. The 
value of CRP levels was found to increase in stage IV, 
namely with a median (min-max 16.9 (2-147.6))[36]. 
 
In a study conducted by Hermunen 2020, an increase 
in CRP ≥5 mg/L had a sensitivity of 20% to predict 
recurrence (CI95% 12-30%), specificity of 96% 
(CI95% 89-99%), and PPV of 77% (CI95% 44-93%). 
Elevated CRP was also associated with DFS (HR 2.53; 
CI 95% 1.10-5.81), but was not associated with OS as 
with CEA (HR 2.49; CI 95% 0.95-6.51) [41].  
 
The correlation between CRP levels and CEA levels 
obtained a positive correlation coefficient value with 
a strong strength of r = 0.722, this result is not 
different from the research conducted by Yu, 2021 
[42] with the results of a strong correlation of p = 
0.745, research by Li 2019 [43] with the results of a 
strong correlation p = 0.760 and research by 
Dabbous et al., (2019) also proved a strong 
correlation of 0.733.  While a very strong correlation 
was found in the research of Kwon et al., (2010) with 
the results of p = 0.824 [44]. The strong correlation 
is due to the same marker of malignancy response in 
CRC. CRP and CEA levels respond to postoperative 
chemotherapy. Increased levels of CRP and CEA in 
CRC patients are associated with poor chemotherapy 
response this is because both markers respond to the 
effects of chemotherapy, the results show that the 
higher the value of both levels, the worse the survival 
in CRC patients [10,20].   
 
In Indonesia, the FOLFERI regimen given in 4 series 
is the most frequently used option as first-line 
therapy for CRC patients. In this study, only 3 series 
were given because according to the evaluation of 
several patients, the most patients were obtained in 
the 3rd series. After giving the 3rd series there will 
be an increase in DFS and OS of stage III patients 
obtained with DFS 66% and OS 73% with laboratory 
results obtained can reduce the levels of 
inflammatory markers, one of which is CRP and also 
CEA markers, the decrease that occurs is statistically 
significant with the results of RR 1.76 (IK 95% 0.6-
5.6 p=0.002) for CRP and the difference in the 
decrease in CEA levels with 2.3 (IK95% 0.7-7.8, 
p=0.013) (Pectasides et al, 2015). In a study 
conducted by Ishizuka, 2013, CRP levels decreased 
significantly in 108 patients with colorectal cancer (p 
= 0.18), the results showed this decrease occurred in 
63 patients with the initial CRC results of all patients 
> 1 mg/dL. Patients after the 3rd series of FOLFOX 
chemotherapy in 236 patients with stage III CRC 
found a decrease in CEA levels ≤2 ng/ml (OR 2.891 p 
0.0233) (Huang et al, 2020). 

CONCLUSION  
From the results and discussion in this study, it can 
be concluded that high CRP levels are significantly 
associated with worse chemotherapy response with 
a strong positive correlation in colorectal cancer 
patients characterized by a high risk of increasing 
CEA levels 3.7 times after three series of FOLFIRI 
adjuvant chemotherapy. 
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