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Use of the Systemic Immune Inflammation Index, TNM classification, and CEA in pre- and post-
prognostic evaluation of sporadic colorectal cancer.

AIM: The aim of this study was to investigate the correlation between preoperative systemic immune inflammatory index
(SII) and carcinoembryonic antigen (CEA) and postoperative lympho-vascular invasion and TNM stage in patients with
colorectal carcinoma.
MATERIAL AND METHODS: A total of 153 patients with colorectal cancer admitted to our tertiary hospital between 2014
and 2018 were included in the study. 
RESULTS: While 71.2% of the patients had low preoperative CEA values, 28.8% had high preoperative CEA values.
Lymphovascular invasion rate was found to be significantly higher in patients with high CEA levels than those in low
levels (70.4% vs. 39.4%, p=0.002). The percentage of patients with lymphovascular invasion with a high SII (60.0%)
was significantly higher than those without lymphovascular invasion (p=0.015).
CONCLUSION: In our study, serum CEA and SII index values   were found to provide critical information in terms of
showing lympho-vascular invasion, which is considered as an independent “bad” prognostic factor in patients with col-
orectal carcinoma. In conclusion, we consider that CEA and SII index values   can be used to determine the prognosis
of patients with colorectal cancer.
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is first described in 1965, is an important regulatory
protein involved in intracellular adhesion and aggrega-
tion. It also provides valuable information regarding the
success of the treatment and presence of the recurren-
ces 3. TNM staging is taken into consideration in both
treatment and estimation of the prognosis. However, it
is reported that the prognosis of patients in the same
stage occasionally shows heterogeneity in the clinic pre-
sentation 4,5.
Despite all tools including clinical staging, pathological
evaluation and serum biomarker levels, used to designate
the prognosis in colorectal cancer patients, inadequacies
in predicting prognosis reliably led researchers to search
for cheaper and simpler prognostic indicators. In recent
years, it has been suggested that there is a relationship
between tumor carcinogenesis and host inflammatory
response, which may play a role in the progression and
metastasis of cancer cells 2,6,7. It is stated that the sys-
temic immune inflammation index (SII) calculated by

Introduction

Colorectal carcinomas are one of the most common can-
cers in the world. It is the second most common can-
cer in women and the third among men 1,2. Clinicians
use some indicators pre- and postoperatively to predict
the prognosis of these cancers. Carcinoembryonic anti-
gen (CEA) is a common prognostic factor used to mon-
itor the prognosis of colorectal carcinoma. CEA, which
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using the systemic inflammation parameters such as neu-
trophil, platelet and lymphocyte can be used in the pre-
diction of prognosis in some solid malignancies includ-
ing colorectal carcinoma 8. 
The aim of this study was to investigate the correlation
between preoperative SII and carcinoembryonic antigen
(CEA) and postoperative lymphovascular invasion and
TNM stage in patients with colorectal carcinoma.

Methods

PATIENTS

A total of 153 elective, resectable, sporadic colorectal
cancer patients admitted to our tertiary hospital between
2014 and 2018 were included in the study. Written
informed consent was obtained from all subjects. The
study was approved by the Institutional Review Board
and was performed in accordance with the Helsinki dec-
laration. Patients with a history of abdominal surgery,
emergency cases with signs of oppression, and previous
tumor history and those with unresectable tumors due
to diffuse metastasis were excluded from the study.
Peripheral blood samples were obtained for measuring
preoperative and postoperative CEA levels and for com-
plete blood counts. Lymphovascular invasion positivity
and TNM stage were determined for each patient.
Patients with stage 1-2 in the TNM classification were
considered to be the low stage, and those with a 3-4
TNM stage were regarded as high stage 9.

TESTS

Blood samples obtained from patients were tested for
CEA (Abbott, Germany) and hemogram levels (Midray,
China) according to the recommendations of the kit
manufacturer. The CEA threshold value was accepted as
5 ng/Ml 9. The following formula was used to calculate
the SII: SII =  neutrophil count x platelet count/lym-
phocyte count. The threshold value for the SII was
accepted as 340 ng/mL 8.

STATISTICAL ANALYSIS

All statistical analyses were performed using SPSS 25.0
software (IBM SPSS, Chicago, IL, USA). Descriptive
data were given as numbers and percentages. The suit-
ability of the parameters to normal distribution was eval-
uated by the Shapiro Wilk test. Comparisons between
the groups in terms of categorical variables were made
by Chi-square test and Fisher’s Exact Test and
Continuity (Yates) Correction was used. Results were
evaluated in 95% confidence interval and p <0.05 was
considered significant. 

Results

A total of 153 patients were enrolled in the study (mean
age 67.68 ± 11.09 years, 62 % male).
While 71.2% of the patients had low preoperative CEA
values (<5 ng/mL), 28.8% had high preoperative CEA
values (>5 ng/mL). 16.3% of the patients had TNM
stage 1, 43.1% had TNM stage 2, 35.3% had TNM
stage 3 and 5.2% had TNM stage 4 tumors. The tumor
T stage was 1 in 4.6% of the patients, 2 in 13.7%, 3
in 69.9% and 4 in 11.8% of the subjects. 59.5% of the
patients had a low stage (TNM Stage 1-2), and 40.5%
had high stage (TNM Stage 3-4) tumors. The lymph
node stage was 0 in 58.2%, 1 in 26.1% and was 2 in
15.7% of the subjects. Microsatellite instability was
observed in 33.3%, and lymphovascular invasion and
perineural invasion was noted in 48.7%, and 22.2% of
the subjects, respectively. SII   ranged between 8.97 and
20045.9 with a mean value of 1370.04 ± 2165.57 and
a median value of 764.6. When the patients were clas-
sified according to the SII, 49.7%had low SII, and
50.3% had high SII. Tumor differentiation was low in
5.2%, moderate in 83%, and good in 11.8% (Table I).
Lymphovascular invasion was detected in 70.4% of
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TABLE I - Distributions of the variables of the study.

Variables n %

Preop CEA (threshold: 5 ng/mL) Low 109 71.2
High 44 28.8

TNM stage (n=153) 1 25 16.3
2 66 43.1
3 54 35.3
4 8 5.2

Tumor T stage (n=153) 1 7 4.6
2 21 13.7
3 107 69.9
4 18 11.8

TNM stage (n=153) Low (1-2) 91 59.5
High (3-4) 62 40.5

Lymph node metastasis (n=153) 0 89 58.2
1 40 26.1
2 23 15
3 1 0.7

Microsatellite instability (n=153) Present 51 33.3
Absent 103 66.9

Lymphovascular invasion (n=153) Present 74 48.4
Absent 79 51.6

Perineural invasion (n=153) Present 34 22.2
Absent 119 77.8

High SII (n=153) (threshold: 340) Low 76 49.7
High 77 50.3

Location (n=153) Right 38 24.8
Left 66 43.1
Right-Left 2 1.3
Rectum 46 30.1
Total 1 0.7

Differentiation (n=153) Bad 8 5.2
Middle 127 83
Good 18 11.8
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patients with high preoperative serum CEA levels and
39.4% of patients with low CEA levels, and lympho-
vascular invasion rate was found to be significantly high-
er in patients with high CEA levels compared to those
with low CEA levels (p=0.002). The sensitivity and speci-
ficity of high preoperative CEA was 41.9% to identify
the subjects with lymphovascular invasion were 41.9%,
and 82.1%, respectively. The positive and negative pre-
dictive values for a high CEA to determine the lym-
phovascular invasion 68.9%, and59.8%, respectively, and
the accuracy was 62.8%. The percentage of patients with
lymphovascular invasion with high SII (60.8%) was sig-
nificantly higher than those without lymphovascular
invasion (p=0.015). The sensitivity and specificity of high
SII to identify the subjects with lymphovascular invasion
60.8%, and 59.0%, respectively. The positive and neg-
ative predictive values of SII to determine the lympho-
vascular invasion 58.4%, and 61.3%, respectively, and
the accuracy were 59.9%. Patients with lymphovascular
invasion had higher SII and CEA values   (28.4%) than
those without lymphovascular invasion (6.4%)
(p=0.001). The sensitivity and specificity of the combi-
nation of the high SII and high CEA for identifying

lymphovascular invasion was 28.4%, and 93.6%, respec-
tively, whereas the positive predictive value, negative pre-
dictive value and accuracy were 80.8%, 58.0%, and
61.8%, respectively (Table II)
.
TNM staging was found to be similar in patients with
high preoperative CEA levels and in those with low pre-
operative CEA levels (p=0.174). In addition, no signifi-
cant difference was found between the patients with high
and low SII with respect to the TNM stage (p=0.114).
The specificity, and positive and negative predictive val-
ues for CEA to determine the TNM stage were 74.73%,
48.89%, and 62.96%, respectively, and the accuracy was
52.82%. The sensitivity, specificity, and positive and neg-
ative predictive values for SII to determine the TNM
stage were 58.06%, 54.95%, 46.75%, and 65.79%,
respectively, and the accuracy was 56.21%. There were
no significant differences between the low and high
TNM stage in terms of the distribution rates of high
SII and CEA (p> 0.082). The sensitivity, specificity and
positive and negative predictive values of the combina-
tion of the high SII and high CEA for identifying sub-
jects with a high TNM stage were 24.19%,87.91%,
57.69%, and62.99%, respectively, and the accuracy was
62.09% (Table III).
No significant differences were found between patients
with and without lymphovascular invasion in terms of
the presence of microsatellite instability (p=0.567). There
were no significant differences in terms of TNM stage
elevation distribution rates between stable and unstable
microsatellite (p=0.415) (Table IV).

Discussion

Colorectal carcinoma is a common type of cancer, which
is associated with high morbidity and mortality rates.
Early diagnosis may improve prognosis and increase sur-
vival in patients with colorectal carcinoma. Therefore,
predicting the prognosis in subjects with colorectal car-
cinoma is critical. Many prognostic indicators continue
to be investigated in this regard 10-12. In our study, the
prognostic value of the SII and CEA levels in colorec-
tal patients were evaluated. In this study, TNM stage
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TABLE IV - Evaluation of the presence of lymphovascular invasion and
TNM stage elevation among microsatellite groups.

Microsatellite instability
Present % Absent % p

Lymphovascular 
invasion Present 27 35.2 48 64.9 0.567

Absent 24 30.8 54 69.3
TNM stage Low 28 30.8 63 69.3 0.415

High 23 37.1 39 63

Chi square test

TABLE II - The performance of SII and CEA in identification of the
subjects with lymphovascular invasion.

Lymphovascular invasion
Present % Absent % p

HighCEA Low 43 39.4 66 60.6 0.0021

High 31 70.4 13 29.6
High SII Low 29 38.7 46 61.4 0.0152

High 45 60.0 30 40.0
High SII 
and High CEA Low 21 80.8 5 19.3 0.0011

High 53 41.7 74 58.3

CEA: Carcinoembryonic antigen, SII: Systemic immune inflamatory
index.
1Continuity (yates) correction
2Chi square test

TABLE III - The performance of SII and CEA in determination of TNM
stage.

TNM stage
Low (1-2) (%) High (3-4) % p

High CEA Low 68 63 40 37.1 0.1741

High 23 51.2 22 48.9
High SII Low 50 65.8 26 34.3 0.1141

High 41 53.3 36 46.8
High SII
and high CEA High 11 42.4 15 57.7 0.0822

Not high 80 63 47 37.1

CEA: Carcinoembryonic antigen, SII: Systemic immune inflamatory
index.
1Chi square test
2Continuity (yates) correction
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and lymphovascular invasion positivity and microsatellite
instability, which are independent prognostic indicators
in colorectal carcinoma were used in the assessment of
the prognosis.
CEA is believed to play a significant role in tumor inva-
sion and metastasis. It can be found at low levels in the
embryonic and fetal small intestine or adult human cells.
However, serum levels increase in 90% of primary col-
orectal carcinomas 13-18. Serum CEA level has been used
for decades as a tumor marker for detecting colorectal
carcinomas and determining prognosis in patients with
colorectal carcinomas. Despite its prognostic value, it
remains controversial due to its low sensitivity and sus-
picious effects on mortality 10. In addition, high CEA
levels observed in a variety of different types of malig-
nancies such as stomach, pancreas and lung cancers
decrease the specificity of CEA for diagnosing colorec-
tal carcinomas. Therefore, it is recommended to be used
in patient follow-up rather than early diagnosis 10,12,13.
Sørensen et al. conducted a meta-analysis of 42 studies
investigating the sensitivity and specificity of CEA val-
ues   for detecting colorectal carcinoma 10. They stated
that different values   between 2.5 ng/mL and 40 ng/mL
were used as the serum CEA threshold in their analy-
sis. However, 27 of the studies included in their analy-
sis reported that 5 ng/mL was an acceptable threshold.
They stated that sensitivity rates were reported to be
between 43-86%, and specificity rates were reported to
be between 66-98% in studies where the threshold val-
ue was accepted as 5 ng/mL. In our study, the CEA
cut-off value was, therefore, accepted as 5 ng/ml to deter-
mine the relationship between CEA and patients’ prog-
nosis. In our study, lymphovascular invasion was detect-
ed in 70.4% of patients with high preoperative serum
CEA levels and 39.4% of patients with low CEA lev-
els, and lymphovascular invasion rate was found to be
significantly higher in patients with high CEA levels.
Lim et al. 19 reported that lymphovascular invasion pos-
itivity is an independent predictor of poor prognosis and
tumor aggression in sporadic colorectal cancer. With this
in mind, we speculate that preoperative CEA level can
provide valuable information regarding the prognosis of
patients with colorectal carcinoma.
Several scoring systems have been introduced to predict
the prognosis in colorectal carcinomas 8,20. Neutrophil
lymphocyte ratio and serum lactate dehydrogenase levels
have a predictive and prognostic role in many disorders,
including colorectal carcinomas. With the combination
of these markers, a scoring system called the colonic
inflammatory index was established 20. Chen et al. used
the systemic immune-inflammation index for the first
time in their study with 1383 patients with colorectal
carcinomas 8.They stated that the SII, which is calculat-
ed by dividing the product of serum neutrophil and
platelet numbers by lymphocyte number, is a very pow-
erful tool for predicting survival rate in patients with
colorectal carcinoma. They also reported that the SII

helps identify high-risk patients among those with the
same TNM stage. Chen et al. found the sensitivity and
specificity of SII > 340 for identifying patients with col-
orectal carcinomas who are under a high-risk for mor-
tality as 85.7%, and 52.4%, respectively. Tao et al. found
that mean SII was significantly higher in patients with
colorectal carcinoma compared to healthy subjects, and
reported a significant correlation between SII and serum
CEA levels 9. Therefore, we used the SII index in our
study and accepted the threshold as 340. In our study,
the rate of lymphovascular invasion was significantly
higher in patients with high SII compared to patients
with low SII. According to this data, preoperative SII
level provides valuable information in terms of patient’s
prognosis. In our study, lymphovascular invasion was
found as high as 80.8% in patients with high preoper-
ative CEA level and SII. Combined use of SII and CEA
level is more useful in the detection lymphovascular inva-
sion than the use of SII and CEA separately.
Although different markers have been investigated in
determining the prognosis of patients with colorectal car-
cinomas, TNM staging still remains the most reliable
one among them. It has been reported that there are
some limitations in the TNM staging system based on
tumor invasion depth and lymph node and distant organ
metastasis. In addition, TNM staging cannot provide as
much information about the course of the disease as
some new markers21. It has been stated that the use of
TNM staging may be sufficient for guiding the man-
agement, but it is emphasized that TNM staging does
not adequately define some of the risk factors affecting
the prognosis in colorectal carcinoma 21. Huh et al.
reported a significant correlation between high CEA lev-
els (> 5 ng/mL) and TNM stages in their study con-
ducted on 474 colorectal carcinoma patients with metas-
tasis 22. Lee et al. reported that TNM stage was signifi-
cantly higher in patients with high preoperative CEA
levels 23. However, Topdagi et al. did not find a sig-
nificant difference in TNM stages among patients with
colorectal carcinoma and a CEA value   above or below
5 ng/mL 18. In our study, TNM staging was similar in
patients with high and low preoperative CEA levels. In
addition, there were no significant differences in TNM
stages between patients with high and low SII. These
findings indicate that CEA and SII levels cannot pro-
vide definitive information regarding the TNM stage of
the subjects with colorectal carcinomas.
Microsatellite instability (MSI), which is the somatic
accumulation of length changes in repetitive DNA
sequences called microsatellite, is frequently seen in
hereditary and sporadic colorectal cancer 24. It has been
reported that colorectal cancers may occur in two dif-
ferent mutational ways, such as microsatellite instability
or chromosomal instability 25. Gryfe et al. demonstrat-
ed microsatellite instability in 17% of patients with col-
orectal carcinoma and found that microsatellite instabil-
ity significant survival advantage in colorectal carcinoma
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independent of all prognostic factors, including tumor
stage 25.In our study, microsatellite instability was detect-
ed in 33.3% of the study population. In addition, no
significant difference was found between patients with
and without lymphovascular invasion with regard to the
presence of microsatellite instability. Also, there were no
significant differences in the rates of microsatellite insta-
bility between subjects with high and low TNM stages.
These results indicate that the detection of lymphovas-
cular invasion and TNM stages are not informative in
terms of the presence of microsatellite instability.

Conclusions

In our study, serum CEA level and SII   were found to
provide critical information in terms of lymphovascular
invasion, which, is considered as an independent “bad”
prognostic factor in patients with colorectal carcinoma.
We believe that CEA and SII values   can be used to
determine the prognosis of patients with colorectal can-
cer. 

Riassunto

Lo scopo di questo studio è quello di indagare la cor-
relazione tra indice immunitario infiammatorio sistemi-
co preoperatorio (SII) e antigene carcinoembryonic
(CEA) con l’invasione linfo-vascolare postoperatoria e sta-
dio TNM in pazienti con carcinoma del colon-retto.
Sono stati inclusi nello studio 153 pazienti con carci-
noma del colon-retto ricoverati nel nostro ospedale
terziario tra il 2014 e il 2018.
RISULTATI: Mentre il 71,2% dei pazienti presentava
bassi valori CEA preoperatori, il 28,8% presentava alti
valori CEA preoperatori. Il tasso di invasione linfovas-
colare è risultato significativamente più alto nei pazien-
ti con livelli elevati di CEA rispetto a quelli con livelli
bassi (70,4% vs. 39,4%, p = 0,002). La percentuale di
pazienti con invasione linfovascolare con SII elevato
(60,0%) era significativamente più alta rispetto a quelli
senza invasione linfovascolare (p = 0,015).
In conclusione nel nostro studio, i valori sierici di indice
CEA e SII hanno dimostrato di fornire informazioni
critiche in termini di invasione linfo-vascolare, consider-
ata un fattore prognostico “cattivo” indipendente nei
pazienti con carcinoma del colon-retto.
In conclusione, riteniamo che i valori dell’indice CEA e
SII possano essere utilizzati per determinare la prognosi
dei pazienti con carcinoma del colon-retto.
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