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a b s t r a c t

Background and objective: Endometrial cancer (EC) is the most commonly diagnosed gyneco-

logic malignancy among women worldwide and may be classified on the basis of different

molecular, pathologic and genetic alterations, including microsatellite instability (MSI).

Although MSI is associated with a more favorable outcome in colorectal cancer, its relation-

ship with prognosis in EC cancer is not yet clear. The aim of our study is to identify whether

MSI correlates with survival of patients in EC.

Materials and methods: We examined MSI status and survival of 109 women. MSI was

detected by employing the Promega MSI Analysis System, which used 5 mononucleotides

markers (BAT-25, BAT-26, NR-21, NR-24, and MONO-27) to identify MSI in a tumor and

normal tissue DNA and 2 pentanucleotide markers (Penta C and Penta D) for specimen

identification. Median follow-up of patients was 40.4 months (range 5.2–47.9). Survival was

estimated by the Kaplan–Meier method and Cox regression analysis was used to assess the

effects of different variables on patient survival.

Results: MSI-high was detected in 15.6% EC cases, all of which were associated with

endometrioid type histology. Kaplan–Meier survival analysis showed no statistically signifi-

cant differences between patients with MSI-high and MSI stable tumors (P = 0.4) and

multivariate analysis concluded that MSI status remained insignificant after stage, histology

and tumor grade adjustment (P = 0.5).

Conclusions: Our study showed no statistically significant relationship between MSI-high

and survival of endometrial cancer patients.
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1. Introduction

Endometrial cancer is one of mostly widespread cancers (6th
place) among women worldwide, contributing to 290 000 new
cases in 2008, and a standardized incidence rate of 8 per
100 000 women [1]. In Europe, endometrial cancer is the fourth
most frequent cancer in women and the tenth most frequent
cancer among cancer deaths. About 81 500 women are affected
every year in the European Union and the incidence is
increasing [2]. In Lithuania endometrial cancer is the third
most common cancer and causes 4% of cancer deaths among
women [3]. According to the recent EUROCARE report 5-year
survival rate for endometrial cancer in Europe was more than
75% [4].

Based on the tumor histology, biology and clinical features,
endometrial cancers are classified into two clinicopathologic
types: type I or endometrioid cancer (70%–80% of all
endometrial cancers) and another, less common, is type II
or non-endometrioid cancer (20%–30% of all endometrial
cancers) which includes serous and clear cell histology [5].
Type I endometrial cancer is usually hormone sensitive, and
more commonly occurs in women exposed to estrogens. It is
usually associated with a high level of tumor differentiation,
low potential for myometrial invasion and favorable progno-
sis. 5-year overall survival for women with type-I endometrial
cancer is about 75% and for women with stage I disease is
approximately 90% [2]. On the contrary, type II endometrial
cancer is not hormone dependent. It is characterized by poor
level of differentiation, high probability of myometrial inva-
sion, aggressive clinical course and worse prognosis [6].
Patients with type II endometrial cancer have a very poor 5-
year overall survival of only 18%–27%. Survival is reported
35%–50% for patients with clinical or pathological stage I–II and
0%–15% in stage III–IV [7,8].

In addition to being classified into two types, endometrial
cancers can also be divided on the basis of specific genetic
alterations, which are thought to be significantly affecting the
development of cancer. One of the molecular alterations often
associated with type I (endometrioid) cancer is microsatellite
instability (MSI). Microsatellites are short repetitive nucleotide
sequences of DNA, consisting of 1–5 nucleotides [9]. Because of
their repeat structure, microsatellites are prone to slippage or
replication errors. Usually, such errors are repaired by the DNA
mismatch repair system (MMR); however, this system can fail
resulting in microsatellite instability. Microsatellites exhibit
the same number of nucleotide repeats in tumor and healthy
tissue of the same individual, however, loss of MMR can result
in widespread changes in the number of repeat sequences [10].
In 1998, the National Cancer Institute (USA) recommended a
panel of 5 mono/or dinucleotide markers for the determina-
tion of MSI. The tumor is classified as MSI-high (MSI-H) if it
shows instability in at least 2 of 5 markers; MSI-low (MSI-L) if 1
of 5 and microsatellite stable (MSS) if none of 5 [11].

The majority of MSI in colorectal and endometrial cancers
is caused by defects in DNA mismatch repair genes, mainly
MLH1, MSH2, MSH6 and PMS2 [12].

Although MSI is an independent prognostic marker of a
favorable outcome in colorectal cancer [13–15], it is feasible that
MSI may also influence endometrial cancer survival. Evidence of
MSI association with prognosis in endometrial cancer is
controversial. Some studies have shown that MSI is associated
with a more favorable outcome [16], whereas others have
reported the opposite – a worse prognosis [17,18]. However,
some studies have reported that MSI has no prognostic value at
all [19].

The objective of our study is to identify, whether MSI
correlates with survival of endometrial cancer patients.

2. Materials and methods

2.1. Data collection

One hundred nine primary patients (109 women) who were
treated for endometrial cancer during the period between April
2010 and June 2011 at the Institute of Oncology, Vilnius
University were included in the study and written informed
consent was obtained from all participants. The Regional
Ethical Committee approval was obtained before initiation of
this study (Protocol No. 158200-05-180-43). Samples for this
study were collected during the surgical treatment (hysterec-
tomy) and later examined by an expert pathologist. The
histological type was classified using World Health Organiza-
tion criteria and surgical staging were determined using the
standards of the International Federation of Obstetrics and
Gynecology (FIGO 2009). The vital status of the study group was
assessed as of March 30, 2014.

2.2. DNA extraction and MSI analysis

Specimens of the tumor tissue were extracted from formalin
fixed, paraffin-embedded sample tissue. Tumor tissue DNA was
purified by organic extraction, and DNA clean up was
performed. Normal tissue (peripheral blood) DNA was obtained
using DNA extraction kit (QIAamp Blood Midi, QIAGEN)
according to standard procedures. The microsatellite pheno-
type of each endometrial tumor was analyzed by employing the
Promega MSI Analysis System (version 1.2, Promega Madison,
WI, USA). This system uses 5 mononucleotide markers to
identify MSI in a tumor and normal tissue DNA (BAT-25, BAT-26,
NR-21, NR-24, and MONO-27), and 2 pentanucleotide markers
(Penta C and Penta D) to identify whether the tumor and normal
DNA specimens are from the same patient. Some studies have
shown that the Promega method is better than the traditional
one, which was suggested by the National Cancer Institute in
1998. The reason behind this is that in order to detect MSI-high
phenotype, using only mononucleotide markers produce
results with higher sensitivity and specificity than using a
combination of both mononucleotide and dinucleotide mar-
kers, as suggested by the traditional method (2 mononucleotide:
BAT-25 and BAT-26, 3 dinucleotide: D2S123, D5S346 and
D17S250) [20,21]. MSI analysis was performed according to the
manufacturer's instructions (Promega). ABI Prism 3100 Genetic
Analyzer (Applied Biosystems) was used to separate the
products obtained from fluorescently labeled polymerase chain
reaction, and the data were analyzed using GeneMapper 3.0
Software (Applied Biosystems).

Tumors were classified by the following method: if more
than 2 out of 5 markers demonstrated size alterations or shifts



Table 1 – Demographic and clinical characteristics of a study group by MSI status (n = 109 patients).

Variable No. of
patients

% of
total

No. of patients,
MSI stable

% of
total

No. of patients,
MSI-high

% of total

Total 109 100.00 92 100.00 17 100.00

Age, years
<64 53 48.62 45 48.91 8 47.06
≥64 56 51.38 47 51.09 9 52.94

Menopause
No 7 6.42 7 7.61 0 –

Yes 102 93.58 85 92.39 17 100.00

FIGO stage
I 88 80.73 75 81.52 13 76.47
II 8 7.34 9 9.78 –

III 9 8.26 5 5.43 3 17.65
IV 4 3.67 3 3.26 1 5.88

Tumor grade
G1 41 37.61 39 42.39 2 11.76
G2 50 45.87 37 40.22 13 76.47
G3 14 12.84 12 13.04 2 11.76
Not applicable 4 3.67 4 4.35 0 –

Tumor histology
Endometrioid
adenocarcinoma

100 91.74 83 90.22 17 100.00

Other (including serous
adenocarcinoma,
clear cell carcinoma,
adenosarcoma)

9 8.26 9 9.78 0 –

Table 2 – Observed survival and results of univariate
survival analysis.

Variable 3-year
survival,

%

95%
confidence
intervals

Log-rank,
P

Age
<64 92.45 81.13–97.10 0.89
≥64 90.96 79.63–96.14

Menopause
No 85.71 33.41–97.86 0.82
Yes 92.09 84.80–95.97

FIGO stage
I 95.40 88.34–98.27 0.003
II 66.67 28.17–87.83
III 87.50 38.70–98.14
IV 75.00 12.79–96.05

Tumor grade
G1 100.00 – <0.001
G2 95.87 84.46–98.95
G3 64.29 34.33–83.31
Not applicable 50.00 5.78–84.49

Tumor histology
Endometrioid
adenocarcinoma

95.93 89.52–98.46 <0.001

Other (incl. serous
adenocarcinoma,
clear cell
carcinoma,
adenosarcoma)

44.44 13.59–71.93

MSI
MSI stable 90.15 81.92–94.75 0.40
MSI-high 100.00 –
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in the tumor DNA with respect to the normal tissue DNA this
cancer was identified as MSI-high. Tumors with only one
marker showing instability were classified as MSI-low while
tumors with none of the markers showing instability were
classified as microsatellite stable. In statistical analysis, MSI-
low and microsatellite stable tumors were both regarded as
MSI stable.

2.3. Statistical analysis

Demographic and clinical data are summarized descriptively
as proportions. Survival was estimated by the Kaplan–Meier
method and Cox regression analysis was used to assess the
effects of different variables on patient survival. Survival
curves were compared using the log-rank test. P < 0.05
indicated a significant statistical difference. All statistical
analyses were performed using Stata Statistical Software
version 11.0 (StataCorp. 2009, Stata Statistical Software:
Release 11.0, College Station, TX, USA).

3. Results

Demographic and clinical characteristics of the study group
are presented in Table 1. The average age of patients was
64.3 � 9.9 years (median 64; range 40–83 years). Median follow-
up was 40.4 months (range 5.2–7.9). 100 of 109 (91.7%) cases of
endometrial cancers showed endometrioid type histology and
only 9 (8.3%) non-endometrioid types. Microsatellite instability
analysis was successful for all the tumors of the patients
involved in the study with 15.6% (17/109) of the cases
being classified as MSI-high. MSI-high was only found in
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Figure – Kaplan–Meier survival analysis of endometrial carcinoma by stage, histology, grade of differentiation and MSI status.

Table 3 – Results of multivariate survival analysis.

Variable Hazard
ratio

95% confidence
intervals

P

FIGO stage
I 1.00 Ref.
II 3.52 0.89–13.88 0.07
III 3.60 0.62–20.67 0.2
IV 3.68 0.39–34.48 0.3

Tumor grade
G1 1.00 Ref.
G2 1.02 0.18–5.54 0.9
G3 4.78 1.02–22.45 <0.05
Not applicable 1.39 0.16–11.92 0.8

Tumor histology
Endometrioid

adenocarcinoma
1.00 Ref.

Other 4.53 0.97–21.07 0.05

MSI
MSI stable 1.00 Ref.
MSI-high 0.46 0.05–4.77 0.5
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endometrioid type cancers: there were 17 out of 100 (17.0%)
cases for endometrioid type and 0 out of 9 (0%) for non-
endometrioid type.

The results of Kaplan–Meier univariate survival analysis as
well as 3-years survival are presented in Table 2. Better
survival was related to the earlier cancer stage, higher level of
tumor differentiation and endometrioid histology. Statistically
significant results are presented in Figure as well as survival
curves by MSI status. Kaplan–Meier survival analysis showed
no statistically significant differences between patients with
MSI-high and MSI stable tumors (P = 0.4), however, survival of
patients with MSI stable tumors was lower.

Cox multivariate survival analysis was conducted to
determine the prognostic value of the significant clinical
and pathological features (Table 3). In the multivariate
analysis MSI status remained insignificant after stage,
histology and tumor grade adjustment (P = 0.5).

4. Discussion

Modern research in the mechanisms of carcinogenesis
stimulates the search for molecular biomarkers which would
help to provide better prognosis for disease development. One
such biomarker detected in colorectal cancer is microsatellite
instability (MSI), which was found to be as an independent
prognostic indicator for this cancer. MSI correlation with
clinicopathological features and disease prognosis in cancers
of different types was reviewed in detail in the article in the
press [22]. In recent years MSI was intensively studied as a
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prognostic marker in endometrial cancer, but the results were
contradictory.

In endometrial cancer the majority of data is collected
describing the relationship between MSI and clinicopatholog-
ical tumor characteristics [16,23,24]. Most of the research
conclude that MSI-high phenotype is related with type I or
endometrioid cancer, higher tumor grade, deep myometrial
invasion and more advanced stage of the disease [23,25]. It
must be noticed, that only a few studies observed the
relationship between MSI and earlier stages of the disease
[26]. However, according to the other studies, no correlation
between MSI and tumor clinicopathological characteristics
was found [27,28].

In colorectal cancer MSI is associated with older age of
patients, female sex, and such tumor clinicopathological
parameters as a prevalence in proximal colon, mucinous
differentiation, lymphocytic infiltration and low pathologic
stage [14,15,29]. A number of studies showed that MSI-high
tumors have a more favorable prognosis and are less prone to
lymph node metastasis, and systemic metastasis than MSI
stable tumors [13,29]. MSI-high is an independent favorable
prognostic marker for overall survival in colon cancer. Several
studies support this further by confirming that MSI-high tumors
were strongly correlated with longer disease free survival and
overall survival than MSI stable tumors in colon cancers [29,30].

There are a limited number of studies done on the MSI and
survival in endometrial cancer and the data is controversial.
Karamurzin and Rutgers [31] stated that MSI is one of the
molecular characteristics associated with endometrioid type of
cancer, however, MSI has not been demonstrated to have an
independent prognostic significance. It was confirmed by a
previously done study [19] which includes 446 patients only
with type I or endometrioid cancer. In contrast, some studies
[16] found MSI to be associated with a more favorable outcome.
However, other authors [17] detected the association of MSI with
poor prognosis for the disease.

In the present study, we investigated MSI status in
endometrial cancer using mononucleotide MSI detection
markers and the frequency of MSI-high was detected in 15.6%
of cases (17 out of 109). Data from different studies showed that
frequency of MSI in endometrial cancer ranged from 9% to 43%
[16,19]. Such differences might be due to several reasons:
quantitatively small study groups, retrospective analysis,
different panels of markers for MSI detection and failure to
account the influence of histological type.

In our study MSI-high phenotype was only found in
endometrioid type of cancer (17/100), while in non-endome-
trioid type MSI-high was not detected (0/9). Similar results
were reported by the other researchers – MSI-high was found
to be more frequent in endometrioid cancers [16,23].

Although MSI is correlated with a favorable prognosis in
colorectal cancer patients, the MSI overall impact to endome-
trial cancer survival is still controversial. According to ours and
other studies, MSI-high phenotype is related to higher tumor
grade, deep myometrial invasion and higher stage of the
disease, thus it might be also related to worse survival in
endometrial cancer. However, in our study after adjusting for
other known prognostic variables MSI was not identified as a
significant prognostic factor for survival of endometrial cancer
patients. This, though, could be explained by the study
limitation – a small sample size. The conflicting results
showed that it is necessary to continue the investigation
including a greater number of patients with MSI-high tumors.

5. Conclusions

In our study 109 endometrial cancer cases were analyzed and
15.6% were detected with MSI-high tumors. There was no
statistical significance for MSI-high relationship with survival
of endometrial cancer patients.

Conflict of interest statement

The authors state no conflict of interest.

r e f e r e n c e s

[1] Weiderpass E, Labreche F. Malignant tumors of the female
reproductive system. Saf Health Work 2012;3:166–80.

[2] Plataniotis G, Castiglione M, Group EGW. Endometrial
cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol 2010;21(Suppl. 5):
v41–5.

[3] Vilniaus universiteto Onkologijos institutas. Vėžys
Lietuvoje 2010 m;Cancer in Lithuania, 2010 Vilnius. 2013.

[4] De Angelis R, Sant M, Coleman MP, Francisci S, Baili P,
Pierannunzio D, et al. Cancer survival in Europe 1999–2007
by country and age: results of EUROCARE-5 – a population-
based study. Lancet Oncol 2014;15:23–34.

[5] Sherman ME. Theories of endometrial carcinogenesis: a
multidisciplinary approach. Mod Pathol 2000;13:295–308.

[6] Hamilton CA, Cheung MK, Osann K, Chen L, Teng NN,
Longacre TA, et al. Uterine papillary serous and clear cell
carcinomas predict for poorer survival compared to grade
3 endometrioid corpus cancers. Br J Cancer 2006;94:642–6.

[7] Acharya S, Hensley ML, Montag AC, Fleming GF. Rare
uterine cancers. Lancet Oncol 2005;6:961–71.

[8] Marchetti M, Vasile C, Chiarelli S. Endometrial cancer:
asymptomatic endometrial findings characteristics of
postmenopausal endometrial cancer. Eur J Gynaecol Oncol
2005;26:479–84.

[9] Ellegren H, Microsatellites:. simple sequences with complex
evolution. Nat Rev Genet 2004;5:435–45.

[10] Coleman WB, Tsongalis GJ. Molecular mechanisms of
human carcinogenesis. EXS 2006;321–49.

[11] Boland CR, Thibodeau SN, Hamilton SR, Sidransky D,
Eshleman JR, Burt RW, et al. A National Cancer Institute
Workshop on Microsatellite Instability for cancer detection
and familial predisposition: development of international
criteria for the determination of microsatellite instability in
colorectal cancer. Cancer Res 1998;58:5248–57.

[12] Broaddus RR, Lynch HT, Chen LM, Daniels MS, Conrad P,
Munsell MF, et al. Pathologic features of endometrial
carcinoma associated with HNPCC: a comparison with
sporadic endometrial carcinoma. Cancer 2006;106:87–94.

[13] Popat S, Hubner R, Houlston RS. Systematic review of
microsatellite instability and colorectal cancer prognosis.
JClin Oncol 2005;23:609–18.

[14] Boland CR, Goel A. Microsatellite instability in colorectal
cancer. Gastroenterology 2010;138. 87-2073 e3.

[15] Sanchez JA, Krumroy L, Plummer S, Aung P, Merkulova A,
Skacel M, et al. Genetic and epigenetic classifications define

http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0005
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0005
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0010
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0015
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0015
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0015
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0020
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0025
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0025
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0030
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0035
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0035
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0040
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0045
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0045
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0050
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0050
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0055
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0060
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0065
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0065
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0065
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0070
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0070
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0075
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0075


m e d i c i n a 5 0 ( 2 0 1 4 ) 2 1 6 – 2 2 1 221
clinical phenotypes and determine patient outcomes in
colorectal cancer. Br J Surg 2009;96:1196–204.

[16] Black D, Soslow RA, Levine DA, Tornos C, Chen SC,
Hummer AJ, et al. Clinicopathologic significance of
defective DNA mismatch repair in endometrial carcinoma.
JClin Oncol 2006;24:1745–53.

[17] Mackay HJ, Gallinger S, Tsao MS, McLachlin CM, Tu D,
Keiser K, et al. Prognostic value of microsatellite instability
(MSI) and PTEN expression in women with endometrial
cancer: results from studies of the NCIC Clinical Trials
Group (NCIC CTG). Eur J Cancer 2010;46:1365–73.

[18] Fiumicino S, Ercoli A, Ferrandina G, Hess P, Raspaglio G,
Genuardi M, et al. Microsatellite instability is an
independent indicator of recurrence in sporadic stage I–II
endometrial adenocarcinoma. J Clin Oncol 2001;19:1008–14.

[19] Zighelboim I, Goodfellow PJ, Gao F, Gibb RK, Powell MA,
Rader JS, et al. Microsatellite instability and epigenetic
inactivation of MLH1 and outcome of patients with
endometrial carcinomas of the endometrioid type. J Clin
Oncol 2007;25:2042–8.

[20] Murphy KM, Zhang S, Geiger T, Hafez MJ, Bacher J, Berg KD,
et al. Comparison of the microsatellite instability analysis
system and the Bethesda panel for the determination of
microsatellite instability in colorectal cancers. J Mol Diagn
2006;8:305–11.

[21] Wong YF, Cheung TH, Lo KW, Yim SF, Chan LK, Buhard O,
et al. Detection of microsatellite instability in endometrial
cancer: advantages of a panel of five mononucleotide
repeats over the National Cancer Institute panel of
markers. Carcinogenesis 2006;27:951–5.

[22] Didziapetriene J, Kanopiene D, Valuckas KP, Uleckiene S,
Atkocius V, Micke I, et al. Microsatellite instability and loss of
heterozygosity in cancer. Medicina (Kaunas) 2011;47:125–35.

[23] An HJ, Kim KI, Kim JY, Shim JY, Kang H, Kim TH, et al.
Microsatellite instability in endometrioid type endometrial
adenocarcinoma is associated with poor prognostic
indicators. Am J Surg Pathol 2007;31:846–53.

[24] Pijnenborg JM, Dam-de Veen GC, de Haan J, van Engeland
M, Groothuis PG. Defective mismatch repair and the
development of recurrent endometrial carcinoma. Gynecol
Oncol 2004;94:550–9.

[25] Hirasawa A, Aoki D, Inoue J, Imoto I, Susumu N, Sugano K,
et al. Unfavorable prognostic factors associated with high
frequency of microsatellite instability and comparative
genomic hybridization analysis in endometrial cancer. Clin
Cancer Res 2003;9:5675–82.

[26] Basil JB, Goodfellow PJ, Rader JS, Mutch DG, Herzog TJ.
Clinical significance of microsatellite instability in
endometrial carcinoma. Cancer 2000;89:1758–64.

[27] Buttin BM, Powell MA, Mutch DG, Rader JS, Herzog TJ,
Gibb RK, et al. Increased risk for hereditary nonpolyposis
colorectal cancer-associated synchronous and
metachronous malignancies in patients with
microsatellite instability-positive endometrial carcinoma
lacking MLH1 promoter methylation. Clin Cancer Res
2004;10:481–90.

[28] MacDonald ND, Salvesen HB, Ryan A, Iversen OE,
Akslen LA, Jacobs IJ. Frequency and prognostic impact of
microsatellite instability in a large population-based study
of endometrial carcinomas. Cancer Res 2000;60:1750–2.

[29] Hong SP, Min BS, Kim TI, Cheon JH, Kim NK, Kim H, et al.
The differential impact of microsatellite instability as a
marker of prognosis and tumour response between colon
cancer and rectal cancer. Eur J Cancer 2012;48:1235–43.

[30] Lin CC, Lai YL, Lin TC, Chen WS, Jiang JK, Yang SH, et al.
Clinicopathologic features and prognostic analysis of MSI-
high colon cancer. Int J Colorectal Dis 2012;27:277–86.

[31] Karamurzin Y, Rutgers JK. DNA mismatch repair deficiency
in endometrial carcinoma. Int J Gynecol Pathol 2009;28:
239–55.

http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0075
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0075
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0080
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0085
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0090
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0095
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0100
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0105
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0110
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0115
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0120
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0125
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0130
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0135
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0140
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0140
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0140
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0140
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0145
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0145
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0145
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0145
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0150
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0150
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0150
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0155
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0155
http://refhub.elsevier.com/S1010-660X(14)00067-6/sbref0155

	Impact of microsatellite instability on survival of endometrial cancer patients
	1 Introduction
	2 Materials and methods
	2.1 Data collection
	2.2 DNA extraction and MSI analysis
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Conflict of interest statement
	References


