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Abstract
AIM: To investigate the prognostic value of chromo-
some 18q microsatellite alterations (MA) in stage Ⅱ co-
lon cancer. 

METHODS: One hundred and six patients with sporadic 
stage Ⅱ colon cancer were enrolled in this study. DNA 
was extracted from formalin-fixed, paraffin-embedded 
tumor and adjacent normal mucosal tissue samples. 
MA, including loss of heterozygosity (LOH) and micro-
satellite instability (MSI), was analyzed by polymerase 
chain reaction, polyacrylamide gel-electrophoresis and 
DNA sequencing at 5 microsatellite loci on chromosome 
18q (D18S474, D18S55, D18S58, D18S61 and D18S64). 

RESULTS: Among the 102 patients eligible for MA in-
formation, the overall frequencies of LOH, high and low 
frequency MSI/microsatellite stable were 49.0%, 17.6% 
and 82.4%, respectively. The high frequency of 18q-LOH 
was significantly associated with the poor 5-year overall 
survival (OS) (P  = 0.008) and disease free survival (P  = 
0.006). High levels of MSI were significantly associated 
with a longer 5-year OS (P = 0.045) while the higher fre-
quency of 18q-LOH at the loci of D18S474 and D18S61 
was significantly associated with a poorer 5-year OS (P 
= 0.010 and 0.005, respectively). But multivariate analy-
sis showed that only the frequency of 18q-LOH was sig-
nificantly associated with the prognosis of the disease. 

CONCLUSION: High frequency of 18q-LOH is an inde-
pendent prognostic factor indicating poor prognosis of 
the patients with stage Ⅱ colon cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common ma-
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lignant cancer worldwide, with an estimate of  one million 
new cases and a half  million deaths annually[1]. Although 
the clinicopathological stage is currently the gold standard 
for prognosis, the molecular biological factors that deter-
mine the outcome of  patients exhibiting the same clini-
copathological stage are poorly understood, especially for 
stage Ⅱ and Ⅲ patients. 

In recent years, multiple tumor-related biomarkers 
have been proposed as prognostic factors for CRC, but 
their predictive value has not been consistently dem-
onstrated. Rapid advances in the molecular genetics of  
CRC have stimulated attempts to evaluate the prognostic 
significance of  specific genetic alterations in this tumor 
type. The American Society of  Clinical Oncology (ASCO) 
has published evidence-based clinical practice guidelines 
for the use of  tumor markers in CRC bi-annually from 
1996 to 2006[2]. Similarly, the European Group on Tumor 
Markers revised its recommendations for the use of  tu-
mor marker tests in the prevention, screening, treatment 
and surveillance of  CRC in 2007[3]. These recommenda-
tions described new tumor markers, such as microsatellite 
instability (MSI), loss of  heterozygosity (LOH) at chro-
mosome 18q, as well as the traditional markers such as 
carcinoembryonic antigen (CEA), CA19-9, p53, Ras, and 
DNA ploidy. 

It has been shown that CRC arises through at least 
two distinct pathways of  genetic instability pathways of  
microsatellite alteration (MA): one involving chromo-
somal instability presenting as LOH, and the other in-
volving MSI[4-6]. Although most studies have proven the 
prognostic value of  LOH at chromosome 18q (18qLOH) 
in CRC, the outcomes are controversial. To further de-
fine the clinical effect of  molecular genetic alterations on 
clinicopathological features and prognosis, we analyzed 
LOH and MSI at chromosome 18q in 106 patients retro-
spectively with stage Ⅱ colon cancer.

MATERIALS AND METHODS
This study consisted of  randomly selected 106 consecu-
tive patients who had undergone curative colon resec-
tion for sporadic stage Ⅱ colon cancer between 1996 
and 2001. All cases were deemed sporadic, based on the 
absence of  relevant family history in the initial patient in-
terview records. None of  the patients had additional syn-
chronous colon cancers or other evidence of  a heritable 
form of  CRC.

A curative operation was defined as one in which no 
macroscopic tumor remained after surgery and histopath-
ological examination showed radical resection margins 
were free of  tumor at lines of  the operative specimen. 
The methods used to exclude distant metastases at the 
time of  resection included preoperative liver ultrasonog-
raphy, abdominal and pelvic CT scan, chest X-ray, and 
intraoperative exploration. The right colon was defined 
as the large bowel proximal to the right half  of  the trans-
verse colon; the left colon was defined as the large bowel 
between the right colon and the rectosigmoid junction. All 

specimens were histopathologically reviewed by a single 
gastrointestinal pathologist who was unaware of  the re-
sults of  molecular genetic testing. In accordance with the 
classification of  tumors by the World Health Organiza-
tion[7], we defined tumors as mucinous if  50% or more of  
the tumors displayed mucinous differentiation and as un-
differentiated if  features of  tumor cell differentiation were 
absent. Other tumors were classified as adenocarcinomas.

Twelve lymph nodes on average were examined per 
case. Tumors were staged according to the TNM clas-
sification system and based on pathological findings after 
operation. Adjuvant chemotherapy was administered to 
patients with (1) clinicopathological factors with emergent 
presentation and associated with high risk of  recurrence 
(i.e. bowel perforation or occlusion); (2) poorly differenti-
ated tumors (histological grade); (3) deep tumor invasion 
and adjacent organ involvement (T4); (4) venous invasion; 
and (5) peritoneal involvement. The drug regimen for 
chemotherapy was 5-fluorouracil-based adjuvant chemo-
therapy for nearly 6 mo. 

Patients were observed after the completion of  thera-
py every 3 mo for 2 years, every 6 mo for the next 3 years, 
and then annually, or until relapse. History and physi-
cal examination, complete blood cell and platelet count, 
blood biochemistries, ultrasound, CEA and CA19-9 mea-
surements were performed at each visit. The chest X-ray, 
colonoscopy, and CT scan were performed at least once a 
year. 

The overall survival (OS) time was calculated from the 
date of  surgery to the time of  the last visit or death. The 
disease-free survival time was calculated from the date of  
resection to the time of  relapse. 

DNA extraction, LOH and MSI analysis
DNA extraction: Three to four 8 μm-thick sections were 
obtained from archival blocks of  formalin-fixed, paraffin-
embedded tumor and adjacent normal mucosal tissues. 
One 8 μm-thick section of  each tumor sample was 
stained with HE, and the percentage of  tumor cells was 
estimated by visual examination by a pathologist. Repre-
sentative tumor samples contained a minimum of  80% 
of  tumor cells. Microdissection of  regions represent-
ing tumor and matching normal tissues was performed. 
Samples were selected and collected into Eppendorf  
tubes. The tissue samples were de-paraffinized with xy-
lene, and the DNA was extracted by incubating the sam-
ples overnight at 56℃ in lysis buffer [10 mmol/L Tris-
Cl (pH 8.0), 2.5 mmol/L MgCl2, 50 mmol/L KCl, 0.5% 
Tween 20] containing 0.2 mg/mL proteinase K (Invitro-
gen Inc., Carlsbad, CA). Digested products were boiled 
for 8 min at 95℃ to inactivate enzymes, centrifuged, 
and cooled on ice. The supernatant was used directly for 
polymerase chain reaction (PCR).

PCR: A panel of  five polymorphic microsatellite mark-
ers located in chromosomal regions potentially involved 
in colon carcinoma development and progression were 
interrogated. These regions were D18S474 (18q21.1), 
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D18S55 (18q23), D18S58 (18q23), D18S61 (18q22.2), 
and D18S64 (18q21.3). The primer sets were obtained 
from published sequences and purchased from Invitrogen 
Inc. (Carlsbad, CA). The target sequences in normal and 
tumor DNA were amplified by PCR in a 50 μL reaction 
mixture containing 5 μL of  DNA sample, 10 × buffer  
(10 mmol/L Tris-HCl pH 9.0, 50 mmol/L KCl, 0.1% Triton 
X-100), 3 mmol/L MgCl2, 5 U Taq Polymerase, 10 mmol/L  
of  each dNTP, and 10 mmol/L of  each primer. Each for-
ward primer was coupled with the fluorescent dye TET 
(4,7,2’,7’-tetrachloro-6-carboxyfluorescein; Invitrogen Inc., 
Carlsbad, CA). The reactions were submitted to 35 cycles 
of  amplification in a PTC-100™ thermal cycler (Bio-Rad 
Inc., America) at the following annealing temperatures: 
55℃ for D18S474, 57℃ for D18S55, 61℃ for D18S58, 
55℃ for D18S61, and 59℃ for D18S64. The presence 
and correct size of  all amplicons were determined using 
2% agarose gel electrophoresis (Biowest Inc., CA).

Fragment analysis: Amplicons were separated in a 6% 
polyacrylamide denaturing gel (Bio-Rad Inc., CA) using 
the ABI 377 DNA Sequencer (ABI Inc., CA). A total of  
0.5 μL PCR product was mixed with 0.5 μL blue dextran 
loading solution (Bio-Rad Inc., CA). After 5 min of  dena-
turation at 95℃, the sample was loaded onto the gel and 
subsequently run for two h at 2750 V, 125 W, and 50℃. 
After electrophoresis, the fluorescent signals were auto-
matically collected by a gene scanner. Analysis of  these 
signals with the Genotyper (Version 2.0) image analysis 
software (ABI Inc., CA) generated electropherograms, 
which displayed alleles as peaks. The height and area of  
the peaks calculated by the software were proportional to 
the concentration of  the alleles in the sample.

LOH: The presence of  two distinctly sized alleles in nor-
mal tissues was the necessary condition for evaluation of  
allelic losses. Cases in which the normal DNA sample was 
homozygous were classified as non-informative. The ratio 
of  allele peak areas calculated for each tumor sample was 
divided by the allele peak area ratio of  the normal match-
ing control. If  this quotient was greater than 1.00, the 
quotient was converted to give a result ranging from 0.00 
to 1.00. Ratios below 0.6, indicating at least a 40% reduc-
tion of  a tumor allele, were indicative of  LOH[8,9].

MSI: The unique appearance of  one or more alleles in the 
tumor DNA but not in its paired normal DNA, such as 
new peaks in the electropherogram, indicated the MSI[10]. 
To ensure the reproducibility of  the results, DNA analysis 
of  the first 20 samples was repeated and 99% concor-
dance was recorded. Tumors were classified as demon-
strating a high frequency of  MSI (MSI-H) if  instability 
was detected in more than two loci of  the five interpre-
table microsatellite markers investigated. Tumors were 
deemed as low frequency MSI (MSI-L) if  instability was 
found in one of  the five markers according to the inter-
national criteria. Tumors without MSI were considered to 
be microsatellite stable (MSS)[11]. In our study, MSI-L and 

MSS tumors were considered as a single group in compar-
ison with MSI-H tumors. However, further studies of  the 
significance of  MSI-L[12] are needed, which may represent 
a biologically and clinically distinct entity[13,14] (Figure 1).

Statistical analysis
Statistical analysis was performed using the SPSS 12.0 
package. The main factors compared in this study were 
frequency of  MA and survival. Contingency tables and 
the χ2 test were used to evaluate differences between 
percentages. The association of  disease-free and OS with 
prognostic factors was evaluated by means of  multivariate 
logistic regression.

Disease-free intervals in patients with recurrence were 
measured as the interval between the date of  resection 
and the date of  diagnosis of  recurrence. Duration of  
survival was measured from the date of  resection until 
the date of  death from any cause or until the censoring 
date of  June 30, 2008. In the survival analysis, deaths 
caused by postoperative complications within 30 d were 
excluded. Survival curves were drawn according to the 
Kaplan-Meier method, and differences in disease-free and 
OS were evaluated by means of  log-rank test. The simul-
taneous effects of  more than one prognostic factors were 
estimated by the Cox’s proportional hazards regression 
model. Mortality rate ratios were used to assess the differ-
ence in deaths caused by colon cancer. The significance 
level was set at 0.05; the confidence interval was 95%; and 
all P values reported were two-sided. 

RESULTS
We investigated 66 male and 40 female patients. The mean 
age of  this group was 57 years (range, 19-84 years). Of  
the 106 primary tumors, 47 were located in the right colon 
and 59 were located in the left colon. A total of  88 (83.0%) 
patients with the high recurrent clinicopathological fac-
tors mentioned above underwent adjuvant chemotherapy 
(Table 1).

Microsatellite alteration
The number of  tumors that could be evaluated for mic-
rosatellites (MA) varied in region because the polymor-
phic markers were non-informative for some patients. 
18qLOH was observed in 50 (49%) of  the 102 patients. 
The incidence of  18qLOH was 30.2% (26 of  86), 23.4% 
(18 of  77), 28.6% (20 of  70), 35.0% (28 of  80), and 
20.8% (15 of  72) at D18S474, D18S55, D18S58, D18S61 
and D18S64, respectively. Of  the 102 tumor specimens 
evaluated for MSI, 42 (41.2%) cases were identified as 
MSI in at least one locus. Furthermore, seven cases were 
MSI at three loci, 11 cases at two loci, and 24 cases at one 
locus. According to the criteria mentioned above, 18 cases 
(17.6%) that showed MSI in at least two loci were defined 
as MSI-H. The remaining 84 cases (82.4%) were defined 
as MSI-L/MSS (Table 2).

Poorly differentiated (P = 0.023) nonmucinous (P = 
0.005) tumors located in the left colon (P = 0.023) more 
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likely displayed chromosome 18qLOH. No association 
was found between 18qLOH, age, and gender. MSI-H 
was more likely to be displayed by well/moderately differ-
entiated (P = 0.047) mucinous (P = 0.004) tumors located 
in the right colon (P < 0.001). No association was found 
between MSI-H, age and gender (Table 3).

Survival analysis
Of  the molecular markers tested, 18qLOH was signifi-
cantly associated with a reduced 5-year OS (P = 0.019) 
and a disease-free survival (P = 0.010) during the follow-
up period. High levels of  MSI were moderately associated 
with an improved 5-year OS during the follow-up period (P 
= 0.045). However, the rates of  disease-free survival were 
not significantly different between patients with MSI-H 
and MSI-L/MSS tumors (Table 4, Figure 2). When the 
status of  chromosome 18q was evaluated according to 
each microsatellite locus, the D18S474 and D18S61 loci 
were associated with a poor 5-year OS (P = 0.010 and 
0.005, respectively) (Table 5, Figure 3). 

Cox’s proportional hazards regression model was 
adjusted for gender, age, T stage and chemotherapy, and 

multiple markers were analyzed. Only 18qLOH was in-
dependently associated with the OS rate (RR = 2.679, P 
= 0.021). However, when 18qLOH was excluded from 
the proportional hazards regression model, MSI-H status 
was found to be associated with the OS (RR = 3.149, P = 
0.039) (Tables 6 and 7).

DISCUSSION
In 2006, the ASCO published evidence-based clinical 
practice guidelines for the use of  tumor markers in CRC 
to update the recommendations for the use of  tumor 
marker tests in the prevention, screening, treatment, and 
surveillance of  gastrointestinal cancers. As part of  the up-
date, 18q-LOH and MSI were mentioned in CRC for the 
first time[2]. In this publication, there were 16 series fo-
cusing on the LOH at 18q in the prognosis of  early-stage 
CRC[15-30]. Of  the 16 studies, 8 found that CRC patients 
with harbored LOH at 18q had a significantly lower sur-
vival than those who were heterozygous[15,19,20,22,25,28-30]. 
Four of  the eight positive series also found that 
18qLOH tumors had a significantly worse prognosis in a 
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multivariate analysis with hazard ratios for death of  2.0, 2.75 
and 7.30[19,22,25], or for recurrence of  9.60[15]. Three reports 
did not find 18qLOH to be independently prognostic[20,28,30] 
and one did not perform multivariate analysis[29]. In two 
studies where 18qLOH was not found to be prognostic in 
a univariate or multivariate analysis[20,21], LOH at 18q did 
yield a poor prognosis in stage Ⅱ disease. 

As for MSI, 17 series focusing on MSI in the prog-
nosis of  early stage CRC were considered in this re-
view[15-17,19,31-43]. Six of  the series were analyzed in patients 
on randomized therapeutic trials[16,17,19,31,40,41]. The remain-
ing studies selected patients treated in defined time peri-
ods. Interestingly, 11 of  the 17 series found that patients 
with MSI-H colon or rectal cancers had a significantly bet-
ter survival than those with MSI-L/MSS[15,17,31,33-40,43]. Two 
series found no association of  MSI-H with a better surviv-
al from randomized trials of  adjuvant chemotherapy[16,19]. 
One study did find a statistically significant association 
of  MSI-H status with a better disease-free survival[19]. Of  

the 11 positive series, six also found that MSI-H tumors 
had a significantly better prognosis in a multivariate analy-
sis[17,33,37,38,40,43]. However, four did not find MSI-H to be 
independently prognostic[15,31,34,39]. Multivariate analysis was 
not done in one series[35]. 

Although there is evidence suggesting an association 
of  18qLOH and MSI with the prognosis of  CRC, the 
ASCO expert panel determined that the data was insuf-
ficient and controversial to recommend using the two tu-
mor markers as independent prognostic tests in the clinic. 

Our study in patients with stage Ⅱ colon cancer con-
firms some previous findings of  a lower survival in pa-
tients with 18qLOH and a longer survival in patients with 
MSI-H to some extent. Our present study showed that 
stage Ⅱ sporadic colon cancer patients with 18qLOH were 
associated with a significantly shorter OS and a disease-free 
survival as compared with 18qLOH-negative patients. This 
association was independent of  other clinicopathological 
variables. According to other investigators, tumors with 
18qLOH were more frequently located in the left colon. 
This observation, together with that of  the worse progno-
sis of  colon cancers with 18qLOH, may account for the 
findings that patients with tumors in the left side of  the 
colon have a worse prognosis than those in the right side. 

The reasons why some studies did not find that 
18qLOH can predict survival in stage Ⅱ CRC may have 
several explanations. First, different loci and number of  
18q markers were used by various investigators. Second, 
variation in surgical techniques, regimens of  chemothera-
py or radiotherapy, and methods of  histopathologic analy-
sis of  the tumor (i.e. electrophoresis or DNA sequencing 
directly) could create significant differences. Third, differ-
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Table 1  Clinical features of patients and survival status after surgery  n (%)

Characteristics Patients Survival (mo) 
(mean ± SE)

3-yr overall 
survival (%)

5-yr overall 
survival (%)

P  value

Gender 0.753
   Male 66 (62.3) 104 ± 3 90.7 83.2
   Female 40 (37.7) 100 ± 3 91.6 84.1
Age (yr) 0.011
   ≤ 60 60 (56.6) 107 ± 2 93.5 89.7
   > 60 46 (43.4)   97 ± 4 88.0 77.4
Tumor site 0.467
   Right colon 47 (44.3) 100 ± 3 89.5 82.9
   Left colon 59 (55.7) 104 ± 3 92.2 84.8
Tumor size (cm) 0.213
   < 5 48 (45.3) 108 ± 3 93.8 91.8
   ≥ 5 58 (54.7) 101 ± 3 90.1 80.6
Grade 0.220
   Well/moderately differentiated 81 (76.4) 103 ± 2 92.0 85.3
   Poorly differentiated 25 (23.6) 104 ± 4 90.7 82.7
Histologic features 0.246
   Adenocarcinoma 79 (74.5) 104 ± 2 91.6 83.9
   Mucinous 27 (25.5) 101 ± 4 87.6 78.3
pT stage 0.090
   T3 63 (59.4) 106 ± 2 93.9 85.8
   T4 43 (40.6)   96 ± 4 87.0 78.5
Chemotherapy 0.114
   No 18 (17.0)   99 ± 3 83.3 69.8
   Yes 88 (83.0) 103 ± 4 90.9 84.8

Table 2  Informative cases, loss of heterozygosity and micro-
satellite instability (n  = 106)  n (%)

Marker Location Informative 
cases

LOH (+) MSI

D18S474 18q21.1   86 26 (30.2) 15 (17.4)
D18S55 18q23   77 18 (23.4) 11 (14.3)
D18S58 18q23   70 20 (28.6) 18 (25.7)
D18S61 18q22.2   80 28 (35.0) 13 (16.3)
D18S64 18q21.3   72 15 (20.8) 10 (13.9)
Overall 18q21-23 102 50 (49.0) 42 (41.2)

LOH: Loss of heterozygosity; MSI: Microsatellite instability.
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ences in TNM stage (stage Ⅱ or stage Ⅲ), T stage (T3 or 
T4), or tumor location (colon or rectum) could also con-
tribute to the controversial results. For these reasons, our 
study selected a relatively small range of  tumor locations 
(colon cancer) and TNM stage (stage Ⅱ) to investigate the 
frequency of  18qLOH and its prognostic value. 

In contrast to the unfavorable prognosis associated 
with 18qLOH, MSI-H is associated with a favorable 
prognosis. Patients with tumors exhibiting MSI-H had a 
better OS than patients with MSS tumors. The correlation 
between the MSI-H genotype and disease-free survival 
was not significant (P = 0.155). However, we hypothesize 
that this association lacks significance only as a result of  
the small sample size examined. The favorable effect of  

MSI on survival, however, resulted as being independent 
only when multivariate analysis did not consider 18qLOH. 
The survival advantage of  patients with MSI-H tumors 
compared to those with MSS tumors is not unanimously 
accepted. Thus, the outcome referred to this phenotype 
is controversial. In our study, the National Institute of  
Health consensus definition of  MSI has been used. 

The chromosome 18q contains several genes with po-
tential importance in colon cancer pathogenesis and pro-
gression. Deletion of  portions of  18q has been implicated 
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Table 3  Correlation between loss of heterozygosity at chromosome 18q, microsatellite instability and clinicopathologic variables of 
patients  n (%)

Characteristics Cases LOH (+) LOH (-) P  value MSI-H (%) MSI-L/MSS (%) P  value

Gender 0.662    0.272
   Male 63 (61.8) 27 36   9 54
   Female 39 (38.2) 23 16   9 30
Age (yr) 0.435    0.111
   ≤ 60 58 (56.9) 32 26 11 47
   > 60 44 (43.1) 18 26   7 37
Tumor site 0.023 < 0.001
   Right colon 46 (45.1) 13 33 15 31
   Left colon 56 (54.9) 37 19   3 53
Tumor size (cm) 0.232    0.327
   < 5 48 (47.1) 28 20   8 40
   ≥ 5 54 (52.9) 22 32 10 44
Grade 0.016    0.047
   Well/moderately differentiated 78 (76.5) 34 44 15 63
   Poorly differentiated 24 (23.5) 16   8   3 21
Histologic features 0.005    0.004
   Adenocarcinoma 77 (75.5) 44 33   5 72
   Mucinous 25 (24.5)   6 19 13 12
pT stage 0.126    0.272
   T3 61 (59.8) 33 28 11 50
   T4 41 (40.2) 17 24   7 34
Chemotherapy 0.650    0.782
   No 17 (16.7) 10   7   4 13
   Yes 85 (83.3) 40 45 14 71

LOH: Loss of heterozygosity; MSI-L: Low frequency microsatellite instability; MSI-H: High frequency of microsatellite instability; MSS: Microsatellite 
stable.

Table 4  Five-year overall survival and disease-free survival 
after surgery in relation to microsatellite alteration in patients 
with stage Ⅱ colon cancer

Parameter Cases 5-yr overall 
survival (%)

P  
value

5-yr disease-
free survival (%)

P  
value

18q-LOH 0.019 0.010
   (+) 50 71.3 70.5
   (-) 52 88.3 87.1
MSI 0.045 0.155
   MSI-H 18 94.4 88.5
   MSI-L/MSS 84 77.8 76.7

18q-LOH: Loss of heterozygosity at chromosome 18q; MSI: Microsatellite 
instability; MSI-L: Low frequency MSI; MSI-H: High frequency of MSI; 
MSS: Microsatellite stable.

Table 5  Five-year overall survival after surgery in relation to 
each microsatellite locus

Marker Cases 5-yr overall survival (%) P  value

D18S474 86 0.010
   LOH (+) 26 65.2
   LOH (-) 60 84.9
D18S55 77 0.504
   LOH (+) 18 77.8
   LOH (-) 59 81.6
D18S58 70 0.293
   LOH (+) 20 71.4
   LOH (-) 50 83.3
D18S61 80 0.005
   LOH (+) 28 64.3
   LOH (-) 52 87.0
D18S64 72 0.076
   LOH (+) 15 69.0
   LOH (-) 57 86.3

LOH: Loss of heterozygosity.
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as an important step in the development of  many CRCs. 
Among the genes located on 18q are the DCC gene that 
codes for a neutrin-1 receptor important in apoptosis, cell 
adhesion, and tumor suppression. SMAD-4 gene, which 
codes for a nuclear transcription factor in transforming 
growth factor-β1 signaling, is involved in tumor suppres-
sion and the SMAD22 gene is involved in endodermal 
differentiation[44]. 

MSI is a measure of  the inability of  the DNA nu-
cleotide mismatch repair system to correct errors that 
commonly occur during the replication of  DNA. It is 
characterized by the accumulation of  single nucleotide 

mutations and length alterations in repetitive microsatel-
lite nucleotide sequences. It is an alternative pathway to 
chromosomal instability with LOH in the pathogenesis of  
colon cancer[11].
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Figure 2  Kaplan-Meier estimates of overall survival and disease-free sur-
vival among patients with stage Ⅱ colon cancer according to microsatellite 
alteration. In our study, 18qLOH was significantly associated with reduced 5-year 
overall survival (P = 0.019) (A) and disease-free survival (P = 0.010) (B). High 
levels of microsatellite instability was moderately associated with improved 5-year 
overall survival during the follow-up period (P = 0.045) (C). LOH: Loss of hetero-
zygosity; MSI-L: Low frequency microsatellite instability; MSI-H: High frequency of 
microsatellite instability; MSS: Microsatellite stable.
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Table 6 Univariate analysis of prognostic factors for 5-year 
survival according to Cox’s proportional hazards regression 
model in patients with stage Ⅱ colon cancer

Variables B SE Wald value P  value RR

Age -0.837 0.404 4.290 0.038 0.433
pT stage 0.667 0.395 2.859 0.091 1.949
Chemotherapy -0.727 0.443 2.698 0.100 0.483
18q-LOH  0.903 0.425 4.509 0.014 2.467
MSI  1.147 0.736 2.428 0.039 3.149

18q-LOH: Loss of heterozygosity at chromosome 18q; MSI: Microsatellite 
instability.

Variables B SE Wald value P  value RR

18q-LOH  0.985 0.429 5.286 0.021 2.679

18q-LOH: Loss of heterozygosity at chromosome 18q.

Table 7  Multivariate analysis of prognostic factors for 5-year 
survival according to Cox's proportional hazards regression 
model in patients with stage Ⅱ colon cancer
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In conclusion, the results of  this study support the 
opinion that in colon cancer, genetic approaches may 
delineate subgroups of  patients who would benefit most 
from specific treatment or other investigative therapies. 
We found that 18qLOH is a very informative prognostic 
genetic marker that could lead to the identification of  
patients who should be subjected to different adjuvant 
therapy plans. In addition, our study demonstrated that 
MSI-H in colon cancer is a potentially favorable prog-
nostic genetic marker. This lends support to the hypoth-
esis that MSI-H is an index of  a less aggressive type of  
tumor growth and a heightened immunologic response. 
Although these results suggest that 18qLOH and MSI are 
prognostic genetic markers, the final verdict should de-
pend on large-scale prospective randomized control trials. 
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