






scenario to determine whether loss of expression is due to
epigenetic mechanisms (ie, a sporadic tumour) or a muta-
tion.31 43 This study also confirmed that many of the patients
with loss of IHC-MMR did not have personal and/or family
history (60%) and many patients were older than 50 years
(65%), including those with loss of MSH2 and/or MSH6.

In the younger than 50 years age group, approximately 30%
showed abnormal IHC and in 63% of these cases, tumour
morphology suggestive of MSI was present.33 In another study
of endometrial carcinomas in women 40 years of age or younger,
the rate of abnormal IHC for DNA-MMR proteins was 16%
with a predominance of MSH2/MSH6 loss.44 The patients with
abnormal IHC-MMR were notable for having lower body mass
index (BMI) compared to those with retained IHC-MMR; they
showed more frequent family history of cancer, and eight of
these nine patients showed tumour morphology or topography
(lower uterine segment localisation) associated with MSI.

In the study from Memorial Hospital, there was a large
number of undifferentiated and dedifferentiated endometrial
carcinomas, as described by Silva et al,38 that showed loss of
DNA-MMR by IHC. These tumours have previously been
described in association with MLH1 hypermethylation.29 In this
study, most were associated with loss of MLH1/PMS2 but there
were two cases with MSH2/MSH6 abnormalities, suggesting
that they may be part of the HNPCC spectrum.

Recent literature also suggests that adenocarcinomas from
the lower uterine segment (LUS) may be associated with
HNPCC.45 These findings were confirmed in our study in which
tumours from LUS were significantly over-represented in the
group with abnormal DNA-MMR IHC.33

Patients with HNPCC are also at increased risk for developing
ovarian carcinomas. An association between clear cell carcinoma
of the ovary and MSI has been reported.46–49 In our series, there
were two patients (one with a known MSH6 germline
mutation) with EC and synchronous clear cell carcinoma of
the ovary in the abnormal IHC group. On the other hand,
synchronous endometrioid carcinomas of the ovary are not
infrequent, and in the absence of significant personal or family
history, do not appear to be associated with HNPCC.50

SCREENING ALGORITHM IN PRACTICE
Any patient with an abnormal immunohistochemical result is
currently referred for a comprehensive genetics evaluation that
might include MSI testing and, when indicated, methylation
and mutational analysis of the candidate genes. The ethical and
regulatory issues regarding reflexive IHC testing for DNA-MMR
protein expression are currently unresolved. Some institutions
require specific patient consent for IHC testing, whereas others
have added general statements regarding genetic testing in
standard surgical consent forms. Yet others do not currently
require any patient consent, the idea being that IHC testing in
this setting is not a direct test of a patient’s genome. If this

Figure 3 The tumour shows prominent tumour infiltrating lymphocytes
(only lymphocytes present between tumour cell borders qualify).

Figure 4 This dedifferentiated endometrial carcinoma shows a well
differentiated glandular component juxtaposed against an
undifferentiated component. Note the abrupt transition between the two
elements.

Figure 5 The undifferentiated component is composed of solid sheets
of round to oval cells without evidence of gland formation.

Figure 6 The undifferentiated carcinomas frequently show myxoid foci
with rhabdoid cells containing abundant eosinophilic cytoplasm and
eccentric nuclei with prominent nucleoli.

Review

682 J Clin Pathol 2009;62:679–684. doi:10.1136/jcp.2009.064949

 group.bmj.com on February 11, 2012 - Published by jcp.bmj.comDownloaded from 



approach is chosen, it is recommended that all involved
pathologists, gynaecological oncologists and geneticists agree
to the medical necessity of performing the test and arrange a
chain of command that guarantees that all targeted patient
material is tested and that all applicable patients are referred for
the appropriate counselling.

PROGNOSTIC SIGNIFICANCE OF MSI IN EC
The clinical significance of MSI in endometrial carcinomas is
unclear and controversial. Some studies have noted that in this
setting, ECs are associated with poor prognostic indicators
including higher histological grade, presence of lymphovascular
invasion, deep myometrial invasion and higher clinical
stage,33 44 51 while others have made the converse observations.52

Other studies have found no correlation between survival and
MSI status in endometrial cancer,53 but others have found MSI
to be independently associated with a favourable clinical
outcome.54 The relative proportions of sporadic and heritable
MSI-H ECs in each study might account for the differences
reported. The clinical impact of MSI in EC is therefore currently
poorly understood and should to be explored and validated in
large studies with long-term follow-up.

Some small, retrospective studies have suggested that
prophylactic hysterectomy and bilateral salpingo-oophorectomy
may be an effective strategy for prevention of gynaecological
cancers in women with HNPCC.55–57 Larger studies with long-
term follow-up are required to establish the efficacy of
prophylactic surgery in HNPCC.

CONCLUSIONS
The association between endometrial carcinoma and HNPCC/
Lynch syndrome is important, but not well recognised. These
patients and their family members are at risk for multiple
cancers and should receive appropriate surveillance measures.

Available data suggest that application of immunohistochem-
istry for DNA mismatch repair proteins in EC with the
following clinical and tumour characteristics may significantly
enhance detection of MSI:
c Endometrial carcinomas in women less than 50 years of age.

c Endometrial endometrioid carcinomas in women of any age
whose tumours demonstrate peritumoural or tumour
infiltrating lymphocytes and tumour heterogeneity, parti-
cularly dedifferentiated EC.

c Lower uterine segment localisation.

c EC patients with synchronous ovarian clear cell carcinoma.

c EC patients with strong personal or family history of
HNPCC-related tumours.

The validity of these screening criteria should be tested with
genotyping analysis. Once confirmed, consideration should be
given to incorporating these screening criteria into a revision of
the Bethesda guidelines for detecting EC patients at highest risk
for HNPCC.

Acknowledgements: The authors would like to thank Dr David Klimstra and Dr Jinru
Shia for their critical review of the manuscript.

Competing interests: None.

REFERENCES
1. Vasen HF, Offerhaus GJ, den Hartog Jager FC, et al. The tumor spectrum in

hereditary nonpolyposis colorectal cancer: a study of 24 kindreds in the Netherlands.
Int J Cancer 1990;46:31–4.

2. Aarnio M, Sankila R, Pukkala E, et al. Cancer risk in mutation carriers of DNA-
mismatch repair genes. Int J Cancer 1999;81:214–8.

3. Lu KH, Dinh M, Kohlmann W, et al. Gynecologic cancer as a ‘‘sentinel cancer’’ for
women with hereditary nonpolyposis colorectal cancer syndrome. Obstet Gynecol
2005;105:569–74.

4. Hampel H, Frankel W, Panescu J, et al. Screening for Lynch syndrome (hereditary
nonpolyposis colorectal cancer) among endometrial carcinoma patients. Cancer Res
2006;66:7810–7.

5. Ollikainen M, Abdel-Rahman WM, Moisio AL, et al. Molecular analysis of familial
endometrial carcinoma: a manifestation of hereditary nonpolyposis colorectal cancer
or separate syndrome? J Clin Oncol 2005;23:4609–16.

6. Hampel H, Frankel WL, Martin E, et al. Screening for the Lynch syndrome (hereditary
nonpolyposis colorectal cancer). N Engl J Med 2005;352:1851–60.

7. Berends MJ, Wu Y, Sijmons RH, et al. Toward new strategies to select young
endometrial cancer patients for mismatch repair gene mutation analysis. J Clin Oncol
2003;21:4364–70.

8. Lu KH, Schorge JO, Rodabaugh KJ, et al. Prospective determination of prevalence of
Lynch syndrome in young women with endometrial cancer. J Clin Oncol
2007;25:5158–64.

9. Lynch HT, Harris RE, Lynch PM, et al. Role of heredity in multiple primary cancer.
Cancer 1977;40:1849–54.

10. Umar A, Boland CR, Terdiman JP, et al. Revised Bethesda guidelines for hereditary
nonpolyposis colorectal cancer (Lynch syndrome) and microsatellite instability. J Natl
Cancer Inst 2004;96:961–8.

11. Jarvinen HJ, Aarnio M, Mustonen H, et al. Controlled 15-year trial on screening for
colorectal cancer in families with hereditary non polyposis colorectal cancer.
Gastroenterology 2000;118:829–34.

Figure 7 Proposed algorithm for detection of endometrial carcinoma
patients at highest risk for hereditary non-polyposis colorectal cancer.
IHC, immunohistochemistry; MMR, mismatch repair defect; EC,
endometrial cancer; CCC, clear cell carcinoma.

Take-home messages

c The association between endometrial carcinoma and
hereditary non-polyposis colorectal cancer (HNPCC)/Lynch
syndrome is important and should be recognised.

c Immunohistochemistry for DNA mismatch repair proteins is an
effective method to detect microsatellite instability.

c Screening endometrial carcinomas for the possibility of
HNPCC using age and personal/family history, while useful,
may lead to under-detection of these patients.

c Tumour morphology and topography may be helpful additional
features to enhance detection of microsatellite instability in
endometrial cancer.

Review

J Clin Pathol 2009;62:679–684. doi:10.1136/jcp.2009.064949 683

 group.bmj.com on February 11, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


12. Kauff ND. How should women with early onset endometrial cancer be evaluated for
Lynch syndrome. J Clin Oncol 2007;25:5143–6.

13. Matthews KS, Estes JM, Conner MG, et al. Lynch syndrome in women less than 50
years of age with endometrial cancer. Obstet Gynecol 2008;111:1161–6.

14. Renkonen-Sinisalo L, Butzow R, Lehtovirta P, et al. Surveillance for endometrial
cancer in hereditary nonpolyposis colorectal cancer syndrome. Int J Cancer
2006;120:821–4.

15. Wagner A, Hendriks Y, Meijers-Heijboer EJ, et al. Atypical HNPCC owing to
MSH6 germline mutations: analysis of a large Dutch pedigree. J Med Genet
2001;38:318–22.

16. Berends MJW, Wu Y, Sijmons RH, et al. Molecular and clinical characteristics of
MSH6 variants: an analysis of 25 index carriers of a germline variant. Am J Hum
Genet 2002;70:26–37.

17. Hendriks YM, Wagner A, Morreau H, et al. Cancer risk in hereditary nonpolyposis
colorectal cancer due to MSH6 mutations: impact on counseling and surveillance.
Gastroenterology 2004;127:334–8.

18. Goodfellow PJ, Buttin BM, Herzog TL, et al. Prevalence of defective DNA mismatch
repair MSH6 mutation in an unselected series of endometrial cancers. Proc Natl Acad
Sci USA 2003;100:5908–13.

19. Shia J. Immunohistochemistry versus microsatellite instability testing for screening
colorectal cancer patients at risk for HNPCC. J Mol Diagn 2008;10:293–300.

20. Loeb LA. Microsatellite instability: marker of a mutator phenotype in cancer. Cancer
Res 1994;54:5059–63.

21. Esteller M, Levine R, Baylin SB, et al. MLH1 promoter hypermethylation is
associated with the microsatellite instability phenotype in sporadic endometrial
carcinomas. Oncogene 1998;17:2413–7.

22. Gurin CC, Federici MG, Kang L, et al. Causes and consequences of microsatellite
instability in endometrial carcinoma. Cancer Res 1999;59:462–6.

23. Boland CR, Thibodeau SN, Hamilton SR, 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.

24. Laghi L, Bianchi P, Malesci A. Differences and evolution of the methods for the
assessment of microsatellite instability. Oncogene 2008;27:6313–21.

25. De Leeuw WJF, Dierssen JW, Vasen HFA, et al. Prediction of a mismatch repair
gene defect by microsatellite instability and immunohistochemical analysis in
endometrial tumors from HNPCC patients. J Pathol 2000;192:328–35.

26. Peiro G, Diebold J, Lohse P, et al. Microsatellite instability, loss of heterozygosity,
and loss of hMLH1 and MSH2 protein expression in endometrial carcinoma. Hum
Pathol 2002;33:347–54.

27. Vasen HF, Hendriks Y, de Jong AE, et al. Identification of HNPCC by molecular
analysis of colorectal and endometrial tumors. Dis Markers 2004;20:207–13.

28. Modica I, Soslow RA, Black D, et al. Utility of immunohistochemistry in
predicting microsatellite instability in endometrial carcinoma. Am J Surg Pathol
2007;31:744–51.

29. Broaddus RR, Lynch HT, Chen LM, et al. Pathologic features of endometrial
carcinoma associated with HNPCC. Cancer 2006;106:87–94.

30. Whelan AJ, Babb S, Mutch DG, et al. MSI in endometrial carcinoma: absence of
MLH1 promoter methylation is associated with increased familial risk for cancers.
Int J Cancer 2002;99:697–704.

31. Buttin BM, Powell MA, Mutch DG, et al. Increased risk for hereditary non polyposis
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.

32. Shia JS, Black DB, Hummer AJ, et al. Routinely assessed morphologic features
correlate with microsatellite instability status in endometrial cancer. Hum Pathol
2008;39:116–25.

33. Garg K, Leitao M, Kauff N, et al. Selection of endometrial carcinomas for DNA
mismatch repair protein immunohistochemistry using patient age and tumor
morphology enhances detection of mismatch repair abnormalities. Am J Surg Pathol
2009;33:925–33.

34. van den Bos M, van den Hoven M, Jongejan E, et al. More differences between
HNPCC-related and sporadic carcinomas from the endometrium as compared to the
colon. Am J Surg Pathol 2004;28:706–11.

35. Walsh MD, Cummings MC, Buchanan DD, et al. Molecular, pathologic and clinical
features of early onset endometrial cancer: identifying presumptive Lynch syndrome
patients. Clin Cancer Res 2008;14:1692–700.

36. Honore LH, Hanson J, Andrew SE. Microsatellite instability in endometrioid
endometrial carcinoma: correlation with clinically relevant pathologic variables.
Int J Gynecol Cancer 2006;16:1386–92.

37. Toledo G, Growdon WB, Dias-Santagata D, et al. Microsatellite instability status and
clinicopathologic profile of endometrial cancer in young women. Abstract 1036. Mod
Pathol 2008;21(Suppl 1).

38. Silva EG, Deavers MT, Bodurka DC, et al. Association of low-grade endometrioid
carcinoma of the uterus and ovary with undifferentiated carcinoma: a new type of
dedifferentiated carcinoma? Int J Gynecol Pathol 2006;25:52–8.

39. Carcangiu ML, Dorji T, Radice P, et al. HNPCC-related endometrial carcinomas show
a high frequency of non-endometrioid types and of high FIGO grade endometrioid
carcinomas. Abstract 801. Mod Pathol 2006;19:173A.

40. Catasus L, Machin P, Matias-Guiu X, et al. Microsatellite instability in endometrial
carcinomas: clinicopathologic correlations in a series of 42 cases. Hum Pathol
1998;29:1035–8.

41. Taylor NP, Zighelboim I, Huettner PC, et al. DNA mismatch repair and Tp53 defects
are early events in uterine carcinosarcoma tumorigenesis. Mod Pathol
2006;19:1333–8.

42. Taylor NP, Gibb RK, Powell MA, et al. Defective DNA mismatch repair and XRCC2
mutation in uterine carcinosarcomas. Gynecol Oncol 2006;100:107–10.

43. Simpkins SB, Bocker T, Swisher EM, et al. MLH1 promoter methylation and gene
silencing is the primary cause of microsatellite instability in sporadic endometrial
cancers. Hum Mol Genet 1999;8:661–6.

44. Garg K, Shih K, Barakat R, et al. Endometrial carcinomas in women age 40 years and
younger. Mod Pathol 2009;22(1s):215A.

45. Westin S, Broaddus R. Adenocarcinoma of the lower uterine segment: a unique
subset of endometrial carcinoma. J Clin Oncol 2008;26:5965–71.

46. Jensen KC, Mariappan MR, Putcha GV, et al. Microsatellite instability and mismatch
repair protein defects in ovarian epithelial neoplasms in patients 50 years of age or
younger. Am J Surg Pathol 2008;32:1029–37.

47. Cai KQ, Albarracin C, Rosen D, et al. Microsatellite instability and alteration of the
expression of MLH1 and MSH2 in ovarian clear cell carcinoma. Hum Pathol
2004;35:552–9.

48. Bewtra C, Watson P, Conway T, et al. Hereditary ovarian cancer: a clinicopathologic
study. Int J Gynecol Pathol 1992;11:180–7.

49. Watson P, Butzow R, Lynch HT, et al. The clinical features of ovarian cancer in
hereditary nonpolyposis colorectal cancer. Gynecol Oncol 2001;82:223–8.

50. Soliman PT, Broaddus RR, Schmeler KM, et al. Women with synchronous primary
cancers of the endometrium and ovary: do they have Lynch syndrome? J Clin Oncol
2005;23:9344–50.

51. Jung An H, Kim KI, Kim JY, et al. Microsatellite instability in endometrioid type
endometrial adenocarcinoma is associated with poor prognostic indicators. Am J Surg
Pathol 2007;31:846–53.

52. Basil JB, Goodfellow PJ, Rader JS, et al. Clinical significance of microsatellite
instability in endometrial carcinoma. Cancer 2000;89:1758–64.

53. Zighelboim I, Goodfellow PJ, Gao F, 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.

54. Black D, Soslow RA, Levine DA, et al. Clinicopathologic significance of defective
DNA mismatch repair in endometrial carcinoma. J Clin Oncol 2006;24:1745–53.

55. Schmeler KM, Lynch HT, Chen LM, et al. Prophylactic surgery to reduce the risk of
gynecologic cancers in the Lynch syndrome. N Engl J Med 2006;354:261–9.

56. Kwon JS, Sun CC, Peterson SK, et al. Cost-effectiveness analysis of prevention
strategies for gynecologic cancers in Lynch syndrome. Cancer 2008;113:326–35.

57. Pistorius S, Kruger S, Hohl R, et al. Occult endometrial cancer and decision making
for prophylactic hysterectomy in hereditary nonpolyposis colorectal cancer patients.
Gynecol Oncol 2006;102:189–94.

Review

684 J Clin Pathol 2009;62:679–684. doi:10.1136/jcp.2009.064949

 group.bmj.com on February 11, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


doi: 10.1136/jcp.2009.064949
 2009 62: 679-684J Clin Pathol

 
K Garg and R A Soslow
 
carcinoma
colorectal cancer) and endometrial 
Lynch syndrome (hereditary non-polyposis

 http://jcp.bmj.com/content/62/8/679.full.html
Updated information and services can be found at: 

These include:

References

 http://jcp.bmj.com/content/62/8/679.full.html#related-urls
Article cited in: 
 

 http://jcp.bmj.com/content/62/8/679.full.html#ref-list-1
This article cites 56 articles, 17 of which can be accessed free at:

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Collections
Topic

 (42 articles)JCP Education   �
 (60 articles)Editor's choice   �

 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 11, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/content/62/8/679.full.html
http://jcp.bmj.com/content/62/8/679.full.html#ref-list-1
http://jcp.bmj.com/content/62/8/679.full.html#related-urls
http://jcp.bmj.com/cgi/collection/editors_choice
http://jcp.bmj.com/cgi/collection/jcp_education
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jcp.bmj.com/
http://group.bmj.com/

