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Abstract

Purpose: A meta-analytic approach was used to estimate the frequency of: (a) microsatellite
instability-high (MSI-H) phenotype in unselected ovarian cancers and (b) various histologic
subtypes of mismatch repair (MMR)-deficient epithelial ovarian cancers.
Methods: A systematic search of the Medline electronic database was conducted to identify
articles published between January 1, 1966, and December 31, 2007, that examined MMR
deficiency in ovarian cancers. Data were extracted on the study population, sample size, MSI-H
frequency, and histology of MMR-deficient ovarian tumors.
Results: The pooled proportion of MSI-H ovarian cancers was 0.12 [95% confidence interval
(CI), 0.08-0.17] from 18 studies with 977 cases. The proportion of histologic subtypes in the
pooled analysis from 15 studies with 159 cases was serous at 0.32 (95% CI, 0.20-0.44), mucinous at 0.19 (95% CI, 0.12-0.27), endometrioid at 0.29 (95% CI, 0.22-0.36), clear cell at 0.18
(95% CI, 0.09-0.28), and mixed at 0.24 (95% CI, 0.07-0.47).There was significant heterogeneity
between studies.
Conclusions: The frequency of the MSI-H phenotype in unselected ovarian cancers approximates 12%. MMR-deficient ovarian cancers also seem to be characterized by an overrepresentation of nonserous histologic subtypes. Knowledge of histologic subtype may aid clinicians in
identifying the relatively large proportion of ovarian cancers due to MMR defects; such knowledge has potential implications for medical management.

Ovarian cancer ranks fifth in both cancer incidence and
mortality in U.S. women, and has the highest mortality rate
among gynecologic cancers (1). Overall, an estimated 5% to
12% of invasive ovarian cancers may be attributed to hereditary
susceptibility (2). Of the inherited cases, f10% to 15% are
believed to be due to germline mutations in genes involved in
the mismatch repair (MMR) pathway, which lead to hereditary
nonpolyposis colorectal cancer (HNPCC; ref. 3).
The MMR pathway is well defined in both inherited (4 – 9)
and sporadic (10 – 12) cancer pathogenesis. Data suggest that
identification of MMR-deficient ovarian cancers may be of
diagnostic, prognostic, and therapeutic utility (10, 13 – 15).
One molecular marker that is useful in the identification of
HNPCC-associated and/or MMR-deficient tumors is microsatellite instability (MSI). Microsatellites are short, polyAuthors’ Affiliation: H. Lee Moffitt Cancer Center and Research Institute,Tampa,
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morphic DNA sequences distributed across the genome (16).
MSI is caused by an underlying defect in the MMR pathway
(17 – 19). Initial studies that sought to estimate the prevalence
of MSI in ovarian cancer used varying definitions of MSI,
making interstudy comparisons difficult. To standardize the
definition of MSI, the National Cancer Institute (NCI) in 1997
introduced guidelines for the detection of MSI in colorectal
cancer (20). The NCI recommended that a panel of five
microsatellite loci including two mononucleotide repeats
(Bat25 and Bat26) and three dinucleotide repeats (D2S123,
D5S346, and D17S250) be investigated in tumors. Tumors
were classified as having high-level MSI (MSI-H) if two or more
of the five markers exhibited variations in microsatellite
sequence length.
The reported prevalence of MSI-H status (defined by
instability in two or more markers studied) in unselected
ovarian cancers has ranged from 0% to 37% (10, 11, 21 – 36;
Table 1). This wide variation reflects differences in several
factors, including sample size, number and type of microsatellite loci investigated, and criteria used to define MSI
phenotype. Because MSI-H status is an indicator of MMRdeficient ovarian tumors, a more precise frequency estimate of
this phenomenon is needed.
Classification of ovarian cancers by histologic subtype may
also be important in identifying MMR-deficient ovarian
cancers. In developed countries, f90% of malignant ovarian
tumors are epithelial, and 10% are nonepithelial (37). Most
epidemiologic studies have focused on epithelial ovarian
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Materials and Methods

Translational Relevance
This systematic review and meta-analysis estimates the
frequency of high-level microsatellite instability (MSI-H) in
unselected ovarian cancers as 12%, suggesting that defects
in the mismatch repair (MMR) pathway account for a relatively large proportion of ovarian cancers. In the era of personalized medicine, MSI-H status may provide valuable
etiologic and diagnostic information, which may eventually
be of prognostic and therapeutic utility, as seen in MSI-H
colorectal cancers. The results of this meta-analysis
also reveal an overrepresentation of nonserous histologies
in MMR-deficient tumors. The clinical relevance of these
findings is that they may increase clinical awareness of
MMR-deficient tumors; such awareness may aid in the identification of this subtype of tumors, having potential implications for medical management.

cancers because they are the predominant subtype. Approximately 55% to 70% of all epithelial ovarian cancers are serous,
3% to 9% are mucinous, 8% to15% are endometrioid, 7%
to13% are clear cell, 4% to 6% are mixed, and some are
undifferentiated (38, 39).
Information regarding the histologic subtypes of MMRassociated ovarian cancers is derived from studies that
identified MMR-deficient cases based on (a) clinical criteria
and/or germline mutation analysis or (b) MSI or MMR protein
expression analyses. Such studies suggest that MMR-deficient
ovarian cancers are characterized by an overrepresentation of
the less common nonserous histologies (i.e., endometrioid,
mucinous, and clear cell; refs. 3, 10, 11, 13, 25, 26, 29, 35,
40 – 47; Table 2).
To provide a reliable estimate of MSI-H frequency (aim 1),
we conducted a meta-analysis of studies of unselected ovarian
cancers. Furthermore, to characterize the histologic profile
of MMR-deficient ovarian cancers, we did a meta-analysis of
studies that investigated histologic subtypes in subgroups of
MMR-deficient ovarian cancers (aim 2).

Identification of relevant studies. A systematic search of the
Medline (PubMed) electronic database was conducted to identify
articles published in English between January 1, 1966, and December
31, 2007 that examined MMR deficiency in ovarian cancers. The
following search terms were used: ‘‘ovarian cancer,’’ ‘‘microsatellite
instability’’ or ‘‘MSI-H,’’ ‘‘immunohistochemistry’’ or ‘‘IHC,’’ ‘‘hereditary nonpolyposis colorectal cancer syndrome’’ or ‘‘HNPCC,’’ and
‘‘mismatch-repair.’’ Additionally, references in each article were
searched to identify potentially missed studies. When multiple articles
were published by the same authors or groups, the most recent article
was selected. Review articles without original data and single case
reports were excluded.
Study selection. For aim 1, case series of unselected ovarian cancers
in which MSI analysis was done were included. Eligible studies defined
MSI-H status on the basis of instability of two markers. Case series of
ovarian cancers that investigated MSI in selected subgroups were
excluded. Because epithelial ovarian cancers make up the majority of
ovarian cancers (37), we sought to only include data regarding
epithelial subtypes. For studies that investigated both epithelial and
nonepithelial subtypes (23, 29), only data pertaining to epithelial
subtypes were included in the pooled analysis. For studies that did not
clearly delineate the type of ovarian cancers that were investigated
(epithelial versus nonepithelial; refs. 22, 27, 30, 31), attempts were
made to contact the authors to verify the respective distributions.
For aim 2, case series of ovarian cancer that reported the histologic
characteristics of MMR-deficient epithelial ovarian cancers were
included. Studies that only categorized histologic subtype as serous or
nonserous, without further classification of nonserous subtypes were
excluded (35). For studies that reported data on both epithelial and
nonepithelial subtypes (3, 10, 11, 13, 15, 29, 40, 41, 43, 45), only data
pertaining to epithelial subtypes were included in the overall pooled
analysis.
Data extraction. All reports considered for inclusion in the analysis
were reviewed jointly by two reviewers (T.P. and J.P.W.) to ensure the
accuracy of all recorded information. Discrepancies in data abstraction
were resolved by consulting a third reviewer. For both aims, the
following information was abstracted from eligible studies: first author,
publication year, type of case series, and sample size. For aim 1, the
number of markers investigated and the number and percentage of
MSI-H cases were abstracted. For aim 2, the numbers and percentages of
histologic subtypes were extracted.

Table 1. Frequency of MSI-H phenotype in unselected ovarian cancers
Reference

Study location

Allen et al., 2000 (21)
Alvi et al., 2001 (22)
Buller et al., 2001 (23)
Codegoni et al., 1999 (24)
Dellas et al., 2004 (25)
Fujita et al., 1995 (36)
Geisler et al., 2003 (10)
Gras et al., 2001 (11)
Han et al., 1993 (27)
Iwabuchi et al., 1995 (28)
King et al., 1995 (29)
Kobayashi et al., 1995 (30)
Krajinovic et al., 1998 (31)
Osborne et al., 1994 (32)
Shih et al., 1998 (33)
Sood et al., 1996 (34)
Sood et al., 2001 (35)
Tangir et al., 1996 (36)

Buffalo, NY
St. Louis, MO
Iowa City, IA
Milan, Italy
Basel, Switzerland
Osaka, Japan
Iowa City, IA
Barcelona, Spain
Seoul, Korea
New Haven, CT
New Haven, CT and Friedburg, Germany
Hokkaido, Japan
Montreal, Canada
Cambridge, United Kingdom
Queensland, Australia
Iowa City, IA
Iowa City, IA
Boston, MA
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No. markers

Sample size

No. MSI-H

4
5
6
8
5
4
6
5
4
66
2
5
8
9
69
10
14
13

26
43
116
31
66
47
107
42
19
95
41
68
12
25
31
68
109
31

1 (4%)
3 (7%)
24 (20%)
8 (26%)
20 (30%)
8 (17%)
21 (20%)
2 (5%)
1 (5%)
6 (6%)
7 (17%)
2 (3%)
2 (17%)
2 (8%)
0 (0%)
25 (37%)
13 (12%)
0 (0%)
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Statistical analysis. For the purpose of meta-analysis, the proportions were transformed into quantities according to the Freeman-Tukey
variant of the arcsine square root transformed proportion (48). The
pooled proportion was calculated as the back-transformation of the
weighted mean of the transformed proportions, using the random
effects model proposed by DerSimonian-Laird (49).
A formal statistical test for heterogeneity using the I 2 test (50) was
done. The heterogeneity and robustness of pooled proportions were
explored by conducting sensitivity and subgroup analyses.
For aim 1, MSI-H frequency study-specific estimates were pooled and
are reported as proportions and 95% confidence intervals (95% CI). For
aim 2, the histologic characteristics of MMR-deficient epithelial ovarian
tumors were pooled and reported as proportions and 95% CI.
The possibility of publication bias was assessed for both aims using
the Begg-Mazumdar adjusted rank correlation test and Egger funnel plot
tests (51, 52). The meta-analysis was conducted using StatsDirect
statistical software (53), and was done according to the guidelines for
Quality of Reporting of Meta-analyses (54, 55).

Results
MSI frequency. Overall, there were 18 studies with 977 cases
that investigated MSI-H phenotype in unselected ovarian
cancers. The characteristics of these 18 studies are summarized
in Table 1. The proportional meta-analysis showed a pooled
proportion of 0.12 (95% CI, 0.08-0.17; Fig. 1). There was
significant heterogeneity between studies (I 2 = 81%). The
P value for the Begg-Mazumdar test was of borderline significance (P = 0.06), suggesting the possibility of publication bias.
Sensitivity analyses were conducted to explore the robustness
of this observation. After removing those studies (n = 4;
refs. 25, 28, 30, 34) whose proportion and 95% CI were outliers,
and the studies that had 0% proportion of MSI-H phenotype in
unselected ovarian cancers (n = 2; refs. 33, 36), the recalculated
pooled proportion of MSI-H phenotype in unselected ovarian
cancers was 0.14 (95% CI, 0.10-0.18). The I 2 was 44%,
indicating no significant heterogeneity between studies.
Additionally, to determine a more precise estimate of the
pooled proportion of epithelial ovarian cancers with MSI-H, a
separate sensitivity analysis was done by only removing those
studies (n = 4; refs. 22, 27, 30, 31) that did not specify the
histopathologic characteristics (epithelial versus nonepithelial)
of the study sample. The recalculated proportion of MSI-H
phenotype in unselected epithelial ovarian cancers was 0.13
(95% CI, 0.08-0.20). Finally, a sensitivity analysis was done by
removing the four studies conducted at the same center (n = 4;
refs. 10, 23, 33, 34), and the recalculated proportion of MSI-H
phenotype was 0.10 (95% CI, 0.05-0.15).
Histology of MMR-deficient tumors. Fifteen studies covering
a total of 159 patients investigated histologic subtype in MMRdeficient epithelial ovarian cancers (Table 2). The pooled
estimates for the various proportions of histologic subtypes
were serous at 0.32 (95% CI, 0.20-0.44), mucinous at 0.19
(95% CI, 0.12-0.27), endometrioid at 0.29 (95% CI, 0.220.36), clear cell at 0.18 (95% CI, 0.09-0.28), and mixed at 0.24
(95% CI, 0.07-0.47). These proportions were similar when
analyzing HNPCC-associated ovarian cancers (as defined by
positive family history or germline mutation status) and MSI-H
ovarian cancers (Table 3). However, the proportion of nonserous cancers was much higher for ovarian cancers with loss of
MMR protein expression, due to a lack of serous cancers
observed within the very limited number of studies in this
category (i.e., 3 studies comprising a total of 16 cases).
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Nevertheless, the data suggest that the skewed distribution
across histologic types also occurs within this subgroup, but the
limited sample size within this category precludes a definitive
statement to this effect. Significant between-study heterogeneity
was seen for the serous and mixed subtypes. However, a
sensitivity analysis could not be done due to a lack of distinct
quality of reporting standards as well as the limited sample size,
particularly of the group comprising ovarian cancers with loss
of MMR protein expression. The P value for the BeggMazumdar test was not significant (P = 0.76), indicating an
absence of publication bias.
Additional pooled analyses for the 10 studies that investigated both epithelial and nonepithelial MMR-deficient ovarian
cancers were done (3, 10, 11, 13, 15, 29, 40, 41, 43, 45). The
results of the pooled analyses from these studies revealed that
nonepithelial subtypes made up 10% of cases, and the
distribution of epithelial subtypes was similar to the overall
pooled estimate in aim 2 (data not shown). Further analysis
was done to include all studies of epithelial ovarian cancers that
could be stratified based on serous and nonserous histologic
subtypes. This comprised the 15 studies included in aim 2, as
well as 1 additional study (35). Results showed that 60% of
cases were of nonserous histologies (data not shown), which is
similar to the overall pooled results.

Discussion
Although there has been wide variation in the frequency of
the MSI-H phenotype in ovarian cancer based on previous
studies, our analysis confirms that the MMR pathway may be
etiologically important in a significant proportion of ovarian
tumors, with an expected frequency of 12%. Furthermore,
results from our pooled meta-analysis suggest an overrepresentation of nonserous histologies in MMR-deficient ovarian
tumors.
The results of our analyses suggest that the expected
frequency of MSI-H in unselected ovarian cancers is between
8% to 17%. However, of the 18 studies of unselected ovarian
cancer patients, 11 had a sample size <60 and 8 were done
before 1997. Of the seven studies with a sample size >60, one
was a Japanese study of 68 cases (30) with a MSI-H frequency
of 3%. This low estimate may reflect ethnic variation in the
frequency of alleles that influence MSI. Another U.S.-based
study had a sample size of 95 (28) and a MSI-H frequency of
6%. Because this was published before the development of the
five NCI-standardized markers, this may be an underestimate.
The remaining five studies (10, 23, 25, 34, 35) were U.S.-based;
four were conducted at the same center (10, 23, 34, 35) and
had sample sizes between 66 and 116 and MSI frequencies
between 12% and 37%.
Significant between-study heterogeneity was identified when
evaluating MSI-H frequency. Some degree of heterogeneity is
expected given differences in the characteristics of the populations studied and differences in the numbers and types of
markers used to evaluate MSI, especially in studies done before
the development of standardized markers. We attempted to
evaluate the characteristics of the populations studied (age
ranges, racial/ethnic background of cases), but the majority of
studies did not report this information. Additionally, although
it is theoretically possible that studies evaluating a higher
number of microsatellite markers may detect a higher
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Table 2. Histologic subtypes of MMR-deficient ovarian cancers
Reference

Sample size

Serous

Mucinous

Endometrioid

Clear cell

4
1
12
2
0
17

2
0
1
1
1
7

1
1
4
1
1
13

2
2
1
0
0
7

0
11
2
12
0
2
7

3
3
1
2
0
0
N/A

1
3
5
6
1
2
N/A

0
1
0
0
1
1
N/A

0
0
0

1
1
0

3
0
1

2
1
2

HNPCC-associated ovarian cancers
Aarnio et al., 1999 (40)
13
Bewtra et al., 1992 (3)
4
Crijnen et al., 2005 (13)
26
Ichikawa et al., 1999 (43)
4
Stratton et al., 1999 (46)
2
Watson et al., 2001 (47)
79
MSI-H ovarian cancers
Chiaravalli et al., 2001 (41)
4
Dellas et al., 2004 (25)
20
Fujita et al., 1995 (26)
8
Geisler et al., 2003 (10)
21
Gras et al., 2001 (11)
2
King et al., 1995 (29)
7
Sood et al., 2001 (35)
13
Ovarian cancers with loss of MMR protein expression
Domanska et al., 2007 (42 )
6
Malander et al., 2006 (44)
3
Rosen et al., 2006 (45)
7

Abbreviation: N/A, not applicable.
*Studies where only epithelial ovarian cancers were included, N/A (not applicable) is indicated in this column, as nonepithelial ovarian cancers
were not included in these studies.
cUnspecified adenocarcinomas and nonepithelial cancers were not included within the denominator.
bTwo histologic subtypes were unknown, thus not included in the percentage.

percentage of MSI-H ovarian cancers, the data suggest
otherwise. This is evidenced by the observation that two studies
that used >60 markers (28, 33) had MSI-H frequencies of 0%
and 6%, whereas one study that used 14 markers (including the
five NCI-recommended markers) reported that the NCIrecommended markers allowed identification of >90% of
MSI-H ovarian cancers, and the addition of only one marker,
NME1, would have allowed detection of all MSI-H cases in their
series (35).
Studies that have investigated MMR-associated ovarian
cancers based on family history or germline mutation status
have generally suggested an overrepresentation of nonserous
histologies (3, 13, 40, 43, 46, 47), but these studies have been
limited by small sample sizes. Specifically, of the six published
studies that reported histopathologic subtypes, five had sample
sizes <30. Watson et al. (47) have done the largest study to date
investigating HNPCC-associated ovarian cancers (n = 79), and
although there was a suggestion of overrepresentation of
nonserous histologies, 26 cases had unspecified adenocarcinoma, limiting the interpretation of results. Similarly, studies of
MMR-associated ovarian cancers detected through MSI or MMR
protein expression studies suggest overrepresentation of endometrioid, mucinous, and clear cell histologic subtypes. Specifically, most (11, 26, 29, 41), but not all (25, 35), studies of
MSI-H ovarian cancers found an overrepresentation of nonserous histologies. Although based on small sample sizes, all
studies of MMR protein expression in ovarian cancers that have
stratified on histopathologic subtypes (42, 44, 45) have
reported nonserous histologies in those with loss of expression.
Taken together, these data suggest an overrepresentation of
endometrioid, mucinous, and clear cell subtypes in ovarian
cancers with MMR defects, consistent with the findings of the
current meta-analysis.
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The two most common HNPCC-associated cancers are
colorectal and endometrial cancer. It is of interest that
histologic subtypes overrepresented in these HNPCC-associated
tumors are mucinous subtypes in colorectal cancer (56) and
endometrioid subtypes in endometrial cancer (57), which are
analogous to two overrepresented nonserous subtypes in
epithelial ovarian cancers (i.e., mucinous and endometrioid).
Thus, our results are consistent with studies investigating
histologic subtypes of other MMR-deficient tumor types.
Epithelial ovarian cancers themselves reflect a heterogeneous
group of diseases, as etiologic differences seem to exist
according to the histologic subtypes (58 – 64). It is possible
that the histologic subtypes overrepresented in MMR-deficient
ovarian cancers may be attributed to a particular combination
of genetic and environmental risk factors. It has been
postulated that factors that increase total ovulatory months,
thereby increasing overall hormone exposure, may serve as
promoters of tumorigenesis for all histologic subtypes, whereas
those having other mechanisms of action may serve as initiators
of tumorigenesis for certain histologic subtypes (60). Specifically, evidence suggests that endometriosis may increase the risk
for both endometrioid and clear cell tumors (65 – 67), whereas
hormone replacement therapy may increase the risk for only
endometrioid tumors (68, 69). Furthermore, smoking may
increase the risk for the invasive mucinous tumors but not
other subtypes (60, 61, 70). Future efforts should be placed
toward further characterization of the hormonal and environmental factors of women with MMR-deficient ovarian cancers
to better understand the gene-environment interactions that
may have contributed to these cancers. Similar studies that have
been conducted to investigate established and hypothesized
risk factors for MMR-deficient colorectal cancers have suggested that lack of estrogen (71 – 73) and cigarette smoking
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Table 2. Histologic subtypes of MMR-deficient ovarian cancers (Cont’d)
Undifferentiated

Unspecified

Mixed

Nonepithelial*

Nonserous proportionsc

0
0
1
0
0
0

4
0
1
0
0
26

0
0
0
0
0
4

0
0
4
0
N/A
5

5/9 (56%)
3/4 (75%)
7/19 (37%)b
2/4 (50%)
2/2 (100%)
31/48 (65%)

0
0
0
0
0
0
N/A

0
2
0
1
0
0
N/A

0
0
0
0
0
1
N/A

0
N/A
N/A
0
0
1
N/A

4/4 (100%)
7/18 (39%)
6/8 (75%)
8/20 (40%)
2/2 (100%)
4/6 (67%)
6/13 (46%)

0
0
0

0
0
0

0
1
3

N/A
N/A
1

6/6 (100%)
3/3 (100%)
6/6 (100%)

NOTE: This reference included within the table was omitted from the analysis presented within the paper owing to lack of information regarding
the specific histologic subtypes of the non-serious cancers.

(72, 74, 75) increase the risk of MSI-H tumors, although results
have not been consistent (76).
As with any systematic review and meta-analysis, there are
several sources of potential bias that may affect the results. One

issue relates to whether all relevant articles were identified. The
breadth of the search strategy and limited restrictions on the
inclusion criteria led us to believe that few published studies
have been missed. Publication bias occurs when studies

Fig. 1. Proportion of MSI in unselected ovarian
cancers: a meta-analysis plot.
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Table 3. Results of meta-analysis of histologic subtypes of MMR deficient ovarian cancers

Serous
Nonserous
Mucinous
Endometrioid
Clear cell
Undifferentiated
Mixed

HNPCC-associated
ovarian cancers

MSI-H ovarian cancers

Ovarian cancers with loss
of MMR expression

Pooled analysis of
all 3 categories

Proportion (95% CI)

Proportion (95% CI)

Proportion (95% CI)

Proportion (95% CI)

0.42
0.57
0.16
0.25
0.17

(0.29-0.55)
(0.44-0.70)
(0.08-0.25)
(0.17-0.35)
(0.07-0.30)
1 study
1 study

0.36
0.063
0.22
0.32
0.10

(0.18-0.57)
(0.42-0.81)
(0.07-0.42)
(0.21-0.45)
(0.009-0.27)
—
1 study

0.95
0.26
0.34
0.35

0 (0)
(0.81-0.99)
(0.05-0.55)
(0.10-0.64)
(0.15-0.58)
—
1 study

0.32
0.68
0.19
0.29
0.18

(0.20-0.44)
(0.56-0.80)
(0.12-0.27)
(0.22-0.36)
(0.09-0.28)
1 study
0.24 (0.07-0.47)

NOTE: The table includes MMR-deficient ovarian cancers identified based on (a) positive family history and/or germline mutation analysis, (b)
MSI-H status and/or (c) lack of MMR protein expression, stratified by each category, as well as the pooled analysis.

reporting significant or positive findings are more likely to be
published than studies reporting null findings (51, 52). Based
on the Begg-Mazumdar and Egger funnel plot tests, there was
not strong evidence for publication bias in this meta-analysis.
Several limitations need to be considered when interpreting
results from this meta-analysis. With regard to aim 1, our
investigation was limited by the small sample sizes of most
studies, many of which were done before the standardization
of the MSI-H phenotype definition. Furthermore, the study
populations were ethnically diverse; ethnic variation in the
distribution of MMR-deficient ovarian cancers potentially
limits the generalizability of our findings. Additionally,
although we attempted to only report MSI data on epithelial
ovarian cancers, we were unable to verify the histopathologic
profile of ovarian cancers in four of the included studies
(22, 27, 30, 31). However, the sensitivity analysis that was
done by omitting these four studies revealed a higher pooled
proportion of MSI-H cases. Thus, inclusion of these studies in
the overall pooled estimate provides a conservative estimate of
the frequency of MSI-H epithelial ovarian cancers. Regarding
aim 2, pathologists may differ in the interpretation of
histologic subtypes, as evidenced by studies in other tumor
types (77, 78). The potential misclassification of subtypes
attributed to interobserver variability in interpretation may
have biased findings from this meta-analysis. If such misclassification occurred, however, it seems most probable that it
would be nondifferential.
Other limitations in our analyses included the problem
related to the occurrence of zero counts in study strata. For
example, if the proportion of a certain type of ovarian cancer is
0%, then there will be a zero in one cell and the inevitable
result will be a formula requiring division by zero, which is an
undefined mathematical operation that is impossible to

calculate (79). To address this issue, it has been suggested that
0.5 be added to the numerator and the denominator, which
works optimally in the case of 2  2 tables (80) but introduces
a systematic bias in the case of single proportions (79). Another
proposed solution has been to randomly subtract 0.5 from the
denominator and the numerator of an equal number of
proportions not having zero. However the validity of this
method has not yet been tested (79). Therefore, in the absence
of methodology to address this issue, a sensitivity analysis
could not be done.
The findings from our study suggest that 12% of unselected
ovarian cancers are MSI-H. These results provide a more precise
frequency estimate than previously available and confirm the
MMR pathway as an etiologically important cause of ovarian
tumorigenesis. Furthermore, our finding that nonserous histologies are overrepresented in this subset of tumors has potential
clinical utility in the identification of MMR-deficient ovarian
cancer cases.
In the era of personalized medicine, MSI-H status may
provide valuable etiologic and diagnostic information, which
may eventually be of prognostic and therapeutic utility, as seen
in MSI-H colorectal cancers (81 – 85). Specifically, it is possible
that certain chemotherapeutic regimens exist to improve
treatment efficacy and reduce drug toxicity specifically in
MMR-deficient ovarian cancers (86 – 90). These findings are
clinically relevant, as they may increase clinician awareness of
this subset of tumors, having potential implications for medical
management. This evidence highlights the importance of
further study of this understudied subgroup of cancers.
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