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Introduction 

Worldwide, colorectal cancer (CRC) is one of the most frequent digestive disorders [1]. 

In terms of mortality and incidence, it has steadily ascended to the top 3 tumors [2]. 

CRC prognosis varies according to the stage at diagnosis. Compared to late-stage 

tumors, early-stage tumors have greater overall survival rates [3]. For improving quality 

of life and survival rates, timely diagnosis, regular follow-up care and suitable therapy 

are important [3]. 

Despite progress made in management and detection and the novel treatment 

options that improved disease survival, metastatic CRC continues to have poor long-

term prognosis and significant challenges still due to treatment failure and advanced 

stage diagnosis [4]. Thus, evaluating and searching for alternative optimal techniques 

Abstract 

Searching for clinical sensible biomarkers that can be 

served as an alternative tool for colorectal cancer (CRC) 

early diagnosis and prognosis is still a great challenge. 

This study aimed to evaluate serum amyloid A (SAA) 

potential role in CRC diagnosis and prediction of poor 

disease progression. Results revealed that elevated SAA 

was significantly (P<0.0001) associated with CRC 

(33.15 (30.1-35.5) ng/mL) compared to patients with 

benign polyps (14.2 (10.8-19.7) ng/mL) and healthy 

(5.0 (3.2-7.0) ng/mL) controls. It had a great ability 

(AUC=0.995) to differentiate CRC patients from all 

non-cancer individuals. SAA levels was significantly 

(P<0.05) impacted on CRC invasiveness as its elevated 

levels were associated with including tumor late stages, 

lymph node invasion, distant metastasis, high grades 

and large tumor size. Moreover, SAA was significantly 

correlated with CEA (r=0.644; P=0.0001) in CRC 

patients. In conclusion, SAA protein appears to be a 

reliable marker for CRC, which could be recommended 

for initial differentiation of CRC from benign polyps. It 

also could act in clinical routine as a non-specific tumor 

marker for monitoring CRC progression to prevent poor 

outcomes. 
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or more sensitive markers to assess tumor proliferation with potential prognostic 

significance seems very important [5]. 

A highly sensitive acute phase reactant is serum amyloid A (SAA) that is a 

family of proteins and is implicated and associated with a number of chronic 

inflammatory disorders including inflammatory bowel disease (IBD) [6, 7]. Besides 

IBD, these proteins also are related to other inflammation-related pathologies such as 

amyloidosis, rheumatoid arthritis, Crohn’s disease and diabetes mellitus [7]. Moreover, 

many reports also have demonstrated elevated SAA tissue expression and serum levels 

in various tumors, including CRC [8], pancreatic [9], breast [10] and lung [11] cancers. 

Although such mechanistic studies remain very limited, reports suggesting the 

possibility of SAA direct role in malignancy have suggested that SAA can promote 

tumor metastasis [12, 13]. In pre-operative CRC stage, a very interesting study of 

Glojnarić et al. reported that SAA showed the most powerful reaction compared to other 

acute phase reactants [14]. Also, they found that mean SAA levels were declining 

during the post-operative clinical course, but never returned to the normal values [14].  

This study aimed to evaluate the potential role of SAA levels as a reliable 

biomarker and parameter for CRC diagnosis and prediction of poor disease progression. 

We evaluated the association of SAA with tumor severity including advanced stages, 

lymph node invasion, large tumor size, high histological grades, distant metastasis and 

elevated levels of established tumor markers carcinoembryonic antigen (CEA).  

Material and methods 

Patients 

Serum samples from 125 Egyptian participants (70 CRC patients, 25 cases with benign 

colon diseases and 30 healthy controls) were collected. CRC patients were gender- and 
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age-matched with benign and healthy controls. All cases were recruited from Mansoura 

Oncology center, Mansoura University hospital, Egypt. Diagnosis of CRC and benign 

disorders was based on colonoscopy. Cancer features were registered 

based on the international Tumor-Node-Metastasis (TNM) classification system [15]. 

There were no one of healthy individuals or cases with benign disorder had a history of 

any tumors.  

Samples collection and laboratory tests 

After centrifugation (4000 rpm, 20 minutes), serum samples were obtained from blood 

samples collected from all participants. Fresh serum was used for testing alanine and 

aspartate aminotransferase (ALT and AST), total bilirubin, albumin, urea and creatinine 

using commercial kits and automated closed biochemistry analyzer (Hitachi, Tokyo, 

Japan). EDTA-K3 treated blood was used for complete blood count in an automated 

analyzer (Sysmex, Japan). By commercial ELISA assay kits, SAA (Bioneovan, Beijing, 

China) and CEA (MyBioSource, San Diego, USA) according to the industrial prescript. 

Statistical analysis  

Variables were expressed as mean±SD, median (interquartile range) or absolute 

numbers, appropriately. All analyses were carried out using SPSS version 20 and 

GraphPad version 6.0. ANOVA and t-test or the Kruskal-Wallis tests were used to 

evaluate differences in cases of parametric and nonparametric variables, respectively. 

P<0.05 is defined as significant. SAA diagnostic utility was evaluated using area under 

the receiver operating characteristic (ROC) curve. Correlation between CEA and SAA 

was assessed by Pearson correlation coefficient.  

Results 
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Patients’ characteristics 

Healthy controls were age- and sex-matched to CRC cases and patients with benign 

diseases (P>0.05). The patient-related clinical and hematological parameters are 

summarized in Table 1. Due to the exclusion of any cases with other chronic diseases, 

there was no significant difference (P>0.05) between CRC patients and controls in 

hematological, liver functions and kidney functions related parameters. CRC patients 

were associated with significant (P<0.016) increased CEA levels (Table 1). All CRC 

patients were staged and classified according to the TNM staging system, tumor 

differentiation degree and tumor size, as illustrated in Table 2. 

 

 

 

Table 1. Clinical characteristics of colorectal cancer patients and controls 

Variables Colorectal cancer Benign Healthy P value 

Number 70 25 30 ــــــ 

Gender (males/females) 49/21 18/7 20/10 0.314 

Mean age ±SD, years 51.4±12.2 49.1±10.4 47.8±5.0 0.323 

Hemoglobin (g/dL) 11.52±1.8 11.51±2.13 11.65±1.81 0.240 

RBCs (×1012/L) 4.13±0.72 4.31±0.55 4.51±0.60 0.633 

WBCs (×109/L) 8.1±3.2 7.9±1.8 6.99±1.6 0.201 

Platelet count (×109/L) 240.2±51.1 255±65.1 270±61.6 0.193 

ALT (U/L) 26.7±10.1 24.5±4.2 25.2±8.1 0.426 

AST(U/L) 46.15±10.1 42.11±8.5 37.13±7.3 0.096 

Bilirubin (mg/dL) 0.8±0.21 0.71±0.15 0.66±0.19 0.591 

Albumin (g/dL) 3.73±0.41 3.92±0.44 4.1±0.35 0.123 

Creatinine (mg/dL) 0.88±0.28 0.78±0.15 0.76±0.13 0.398 

Urea (mg/dL) 27.12±5.30 24.8±5.9 23.6±4.7 0.621 

CEA (U/L) 3.66 (2.0-23.0) 2 (1.1-4.6) 2 (1-3.6) 0.016 
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Normally and non-normally distributed data were expressed as mean± SD and median 

(interquartile range), respectively. RBC: red blood cell; WBC: white blood cell; ALT: 

alanine aminotransferase; AST: aspartate aminotransferase; CEA: carcinoembryonic 

antigen. Significant differences were determined using ANOVA and Kruskal-Wallis 

test, appropriately. P<0.05 was significant. 

Table 2. Classification of colorectal cancer patients 

Clinicopathological features Number (%) 

Primary tumor stage 

Early stage (T1–T2) 30 (42.9%) 

Late stage (T3–T4) 40 (57.1%) 

Lymph node invasion 

Negative (N0) 21 (30%) 

Positive (N1) 49 (70%) 

Metastasis 

Negative (M0) 51 (72.9%) 

Positive (M1) 19 (27.1%) 

Histological grade 

Low grade (G1–G2) 29 (41.4%) 

High grade (G3) 41 (58.6%) 

Tumor size  

Small (≤ 5 cm) 30 (42.9%) 

Large (>5 cm) 40 (57.1%) 

Elevated SAA was associated with tumor development and severity 

Elevated SAA was related to CRC development (Figure 1A), as CRC patients (33.15 

(30.1-35.5) ng/mL) were associated (P<0.0001) with high SAA levels compared to 

patients with benign polyps (14.2 (10.8-19.7) ng/mL) and healthy (5.0 (3.2-7.0) ng/mL) 

controls. SAA had great ability (AUC=0.995) to differentiate CRC patients from all 

non-cancer individuals (Figure 1B). 
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Figure 1. Serum Amyloid A in colorectal cancer. (A) Elevated levels of SAA were 

significantly associated with CRC patients compared to cases with benign polyps and 

healthy individuals. (B) ROC curve analysis revealed the great diagnostic power of 

SAA in differentiating CRC from all non-cancer individuals (benign and healthy 

combined). 

In CRC patients, SAA levels (ng/mL) was significantly (P<0.05) affected the 

disease progression including tumor late stages (34.7 (32.0-47.8)), lymph node invasion 

(33.9 (32.1-42.5)), distant metastasis (34.2 (33.1-66.2)), high grades (40.2 (33.5-66.2)) 

and large size (34.1 (30.1-47.8)) (Table 3). Moreover, SAA was significantly correlated 

with CEA (r=0.644; P=0.0001; Figure 2) in CRC patients. 

 

Table 3. Impact of SAA levels on CRC progression. Data were expressed as median 

(inter quartile range). 

Categories Amyloid A (ng/mL) P value 

Primary tumor stage  

Early stage (T1-T2)  31.2 (29.6-33.4) 
0.0010 

Late stage (T3-T4)  34.7 (32.0-47.8) 

Lymph node invasion  

Negative (N0)  30.5 (29.2-34.1) 
0.0045 

Present (N1)  33.9 (32.1-42.5) 

Metastasis  

Negative (M0)  31.6 (29.8-34.0) 
0.0105 

Present (M1)  34.2 (33.1-66.2) 

Tumor histological grade  

Low grade (G1-G2)  31.6 (29.8-34.0) 0.0009 
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High grade (G3)  40.2 (33.5-66.2) 

Tumor size  

Small (≤ 5 cm)  31.8 (30.0-33.9) 
0.0401 

Large (>5 cm)  34.1 (30.1-47.8) 

 

 

 

 

 

 

 

 

Figure 2. Correlation between serum amyloid A and CEA serum levels in colorectal 

cancer patients. 

 

Discussion 

It was recently reported that most of the CRCs start from non-cancerous or benign form, 

called polyps [16]. If these polyps are diagnosed at an early stage and removed from 

the body, it can prevent CRC development [16]. Moreover, CRC prognosis is stage 

dependent and disease early-stages have higher overall survival compared to advanced 

stages [3]. Thus, it is precisely important to evaluate alternative biomarkers, particularly 

blood markers, to detect CRC at an early stage and also to evaluate their association 

with tumor severity to prevent poor progression of the disease [17]. As a reliable 

biomarker, this study revealed the potential role of SAA levels in CRC early 
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differentiation from benign colonic diseases and its role in prediction of poor disease 

progression. 

Our results showed that elevated SAA (ng/mL) was significantly (P<0.0001) 

related to CRC (33.15 (30.1-35.5)) development compared to patients with benign 

polyps (14.2 (10.8-19.7) and healthy (5.0 (3.2-7.0)) controls. It had great power 

(AUC=0.995) to differentiate CRC patients. Moreover, great SAA levels significantly 

(P<0.05) affected CRC severity including tumor late stages (34.7 (32.0-47.8)), lymph 

node invasion (33.9 (32.1-42.5)), distant metastasis (34.2 (33.1-66.2)), high grades 

(40.2 (33.5-66.2)) and large size (34.1 (30.1-47.8)). Moreover in CRC patients, SAA 

was significantly correlated with CEA (r=0.644; P=0.0001). 

SAA persistent activation is widely related to inflammation-related pathologies, 

including IBD such as Crohn’s disease and ulcerative colitis [18, 19]. Furthermore, 

many reports also have demonstrated elevated SAA tissue expression and serum levels 

in many solid tumors [20], including CRC [8], pancreatic [9], breast [10] and lung [11] 

cancers. In pre-operative CRC stage and compared to other major acute phase reactants: 

alpha1-acid glycoprotein, alpha1-antichymotrypsin and C-reactive protein, SAA 

protein exhibited the most powerful reaction [14]. During the post-operative clinical 

course, SAA protein concentration was declining until the 6th chemotherapy cycle [14]. 

Among all mentioned acute phase proteins, SAA showed the best specificity for CRC 

(83-100%) [14]. 

In a trial to unravel molecular mechanism underlying early CRCs invasiveness, 

Sudo et al., using both RNA-sequencing and immunohistochemical analysis, recently 

found a significant upregulation of SAA in poorly differentiated components (PORs) 

isolated from T1 CRC tissues and at the invasive front of T1b CRCs [21]. In CRC cells, 
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SAA upregulation promoted cell invasion and migration [21]. By coculture 

experiments using CRC cell lines, they demonstrated that SAA expression is induced 

by interleukin (IL)-1β generated from tumor-associated macrophages [21]. In another 

important study for the same authors, they found using immunohistochemical analysis 

neutrophils accumulation at the SAA-positive invasive front of T1 CRCs. This induced 

neutrophil migration and expression of matrix metalloproteinase-9 (MMP-9) and 

chemokine CXC motif ligand 8 (CXCL8) in neutrophils and consequently promote 

CRC cell invasion and migration. Immunohistochemistry confirmed accumulation of 

CXCL8- or MMP-9-positive neutrophils at the SAA1-positive invasive front of T1 

CRCs [22].  

In consistent of these findings, in a mouse model of colitis-related tumor, Davis 

et al. reported that SAA stimulates inflammation-related damage and tumorigenesis [7]. 

In mice deficient for SAA, they reported attenuated disease activity as confirmed by 

declined colitis-associated tissue damage, reduced rectal bleeding, elevated stool 

consistency and reduced weight loss [7]. In the distal colon of SAA knockout mice, 

levels of IL 4 and 10 and tumor necrosis factor-ɑ were reduced and macrophage 

infiltration was attenuated [7]. These models also showed a reduced tumor burden, and 

cancers were reported to have reduced proliferation markers and elevated apoptotic 

activity [7]. Similar to our findings, former studies reported significant correlation 

between SAA and CEA in with sever COVID-19 [23] and gastric cancer [24]. 

Conclusions 

Although SAA is not a tumor-specific biomarker, our obtained results revealed that 

SAA has a potential power in the early initial differentiating CRC from benign polyps. 

Thus in a case with negative other available markers (such as CEA), it could be helpful 
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and may be added to a panel of other biomarkers to increase the diagnostic ability. Its 

elevated levels were associated with CRC severity and thus could be helpful in 

preventing poor disease progression. 
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