
Postmortem Somatic Sequencing 
of Tumors From Patients With 
Suspected Lynch Syndrome Has 
Clinical Utility for Surviving 
Relatives

INTRODUCTION

After a patient dies, the medical history stops 
unfolding and genetic evaluation typically ceases. 
However, newer techniques may resolve uncer-
tain diagnoses for patients and families, even 
years after a cancer diagnosis and including after 
the death of the affected individual.

Lynch syndrome is a highly penetrant, autoso-
mal dominant, cancer predisposition syndrome 
caused by germline pathogenic variants in one 
of the following mismatch repair (MMR) genes: 
MSH6, MSH2, MLH1, PMS2, or EPCAM. Indi-
viduals with Lynch syndrome have a high life-
time risk of cancer, including colorectal cancer 
(CRC; risk range, 10% to 80%), endometrial 
cancer (risk range, 16% to 60%), and others.1 
Clinical suggestion for Lynch syndrome is sub-
jectively based on personal and family history 
and objectively on tumor screening.2-6 Tumor 
screening assesses MMR deficiency by iden-
tifying DNA replication errors in microsatel-
lite repeats (microsatellite instability-high) or 
by immunohistochemical (IHC) staining with 
decreased or absent expression in one or more 
MMR proteins.1,5,6

Greater than 85% of Lynch-associated tumors 
have a high level of microsatellite instability or 
abnormal findings by IHC staining.3,4 However, 
tumor screening is not diagnostic: 10% to 15% 
of sporadic CRC tumors are also MMR defi-
cient.2,4,7,8 Screening of abnormal tumors should 
include assessment of sporadic causes of tumor 
MMR deficiency, including MLH1 hyper-
methylation or BRAF codon 600 mutations, 
and germline testing.1,5,8,9 Probands with an 
MMR-deficient tumor but negative somatic or 

germline testing present a diagnostic and clinical 
management challenge.4 Preventive recommen-
dations for these individuals are not well defined 
and vary widely in practice.3,4

Sequencing MMR-deficient tumors in individu-
als with unexplained, abnormal tumor screening 
is a powerful tool for refining the risk of Lynch 
syndrome. Tumor sequencing identifies double- 
somatic MMR deficiency in 75% of patients 
and previously missed germline variants in 5% 
to 10% of patients.7,8,10,11 Double-somatic MMR 
mutations that explain tumor MMR deficiency 
significantly reduce clinical suggestion for 
Lynch syndrome, allowing cancer risk reassess-
ment.8,10-12 For surviving relatives who may be 
following intensive screening guidelines based 
on family history, paired germline and tumor 
sequencing can clarify an uncertain diagno-
sis of Lynch syndrome and influence medical 
management.

CASE REPORT

All postmortem clinical requests for ColoSeq 
Tumor (University of Washington Genetics and 
Solid Tumors Laboratory, Seattle, WA) ordered 
between test introduction in 2014 to August 2016 
were included. Tumor samples were received 
as formalin-fixed paraffin-embedded blocks.  
Germline DNA was obtained from banked sam-
ples or extracted from nonadjacent tissue. Tumor 
content was maximized using manual macrodis-
section.10 To rule out low-level mosaicism and  
missed germline variants, 1 μg of tumor and germ-
line DNA was concurrently analyzed. ColoSeq 
Tumor is performed in the College of Ameri-
can Pathologists-accredited, Clinical Laboratory 
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Improvement Amendments–certified University 
of Washington Genetics and Solid Tumors Lab-
oratory. Data are processed by the University 
of Washington Next-Generation Sequencing 
Laboratory and Analytics group using a custom 
pipeline to detect single nucleotide variants, 
insertions and deletions, structural variations, 
microsatellite instability, and copy number alter-
ations in 25 genes previously implicated in col-
orectal and other cancers, including MLH1, 
MSH2, MSH6, PMS2, and EPCAM (http://tests.
labmed.washington.edu/COLOSEQ).7,10,12-14

Variants were categorized according to Inter-
national Society for Gastrointestinal Heredi-
tary Tumors (http://insight-group.org/variants/
database/) and American College of Medical 
Genetics and Genomics classification criteria 
and expert consensus review.15,16 Tumor loss 
of heterozygosity was determined as previously 
described.10

From a total of 381 clinical requests for ColoSeq 
Tumor, four requests were ordered on post-
mortem samples. In each, MMR deficiency was 
established by IHC staining. Germline testing 

was negative for all probands. ColoSeq Tumor 
was ordered on behalf of a surviving relative 
to clarify an uncertain diagnosis of Lynch syn-
drome and for an associated need for preventive 
surveillance and/or prophylactic surgery. Tumor 
and germline DNA was successfully extracted in 
all cases. Table 1 describes the personal and fam-
ily history of each proband and relevant infor-
mation about the consultand.

Patient A was diagnosed with CRC at age 78 
years and died at age 82 years. Tumor IHC 
staining indicated MSH2 and MSH6 were 
absent. The consultand, the proband’s 61-year 
old son, was following high-risk surveillance 
recommendations based on his mother’s pre-
sumptive diagnosis of Lynch syndrome. At time 
of sequencing, he had already undergone 12 to 
15 colonoscopies. ColoSeq Tumor revealed two 
somatic pathogenic mutations, MSH2 p.R621X 
and MSH2 p.Q593X, consistent with findings 
on IHC staining and a likely explanation for 
tumor MMR deficiency (Table 2). Postmortem 
sequencing results reduced the consultand’s 
cancer surveillance from annually to every 5 
years. The consultand’s sister was considering 
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Table 1. Probands’ Personal and Family Histories and Relevant Information About the Consultand

Characteristic Case A Case B Case C Case D

Consultand; age, years Son; 61 Daughter; 53 Maternal first cousin; 57 Daughter; 33

Proband’s age at diagnosis, 
years

78 82 CRC: 45 and 47. Duodenal 
cancer: 55

58

Cancer site (proband) Sigmoid colon Sigmoid colon CRC; duodenal Uterus

Family history: Lynch-
associated cancer 
(proband)

No No Yes. Mother: renal cancer 
(age 52 years), CRC (age 

69 years), pancreatic cancer 
(age 77 years). Maternal 

grandfather: CRC (age, 60 
years). Maternal aunt: CRC 

(age, 53 years)

No

Fulfilled Amsterdam I 
criteria (proband)

No No Yes No

Fulfilled revised Bethesda 
criteria (proband)

No No Yes No

Prior germline testing of 
proband; year; result

Yes; 2007; negative Yes; 2015; negative Yes; 2001 (research, 
sequencing only); negative; 
and 2008; (clinical, MLPA 

only); negative

Yes; 2015; negative

No. of known relatives 
clinically affected by 
result

5 FDR 4 FDR 3 FDR 3 FDR

Insurance coverage 
obtained by consultand?

No, self-pay Yes (Ministry of Health, 
Canada)

Preauthorized, then denied. 
Appealed and approved at 

50% coverage (Aetna)

Yes (Blue Cross Federal)

Abbreviations: CRC, colorectal cancer; FDR, first-degree relatives; MLPA, multiplex ligation–dependent probe amplification.

http://tests.labmed.washington.edu/COLOSEQ
http://tests.labmed.washington.edu/COLOSEQ
http://insight-group.org/variants/database/
http://insight-group.org/variants/database/
http://ascopubs.org/journal/po


prophylactic total hysterectomy and bilateral 
salpingectomy-oophorectomy (BSO). Sequenc-
ing signaled she was not at increased risk for 
Lynch-associated cancer and prophylactic sur-
gery was not indicated; her surveillance schedule 
was revised to every 10 years. The recommen-
dation for early, high-risk surveillance for the 
consultand’s children was rescinded.

Patient B was diagnosed with colorectal cancer 
at age 82 years and died at age 87 years. Frequent 
colonoscopy was recommended for her four 
children based on the proband’s MMR-deficient 
tumor. Formal genetic counseling was received 
at the proband’s death and the family desired 
additional risk assessment. ColoSeq Tumor 
testing revealed two likely pathogenic somatic 
mutations in the tumor, MSH2 c.1760-1G>A 
and MSH2 p.C693R.16 The cancer surveillance 
plan was reassessed for the consultand and her 
siblings; recommendation for colonoscopy was 
reduced to every 5 years.

Patient C was diagnosed with metachronous 
CRC at ages 45 and 47 years and duodenal 
cancer at age 55 years. High-risk surveillance 
was recommended for all surviving relatives 
given the proband’s MMR-deficient tumor and 
meeting Amsterdam I criteria. The proband’s 
59-year-old, maternal first cousin requested 
ColoSeq Tumor to clarify possible Lynch syn-
drome. Tumor sequencing identified a patho-
genic variant MSH2 c.1222dup (p.Y408Lfs*9) 
with associated loss of heterozygosity. This 
variant was present in the germline sample 
(banked DNA extracted from whole blood). 
Thus, Lynch syndrome was posthumously diag-
nosed in the proband. Cascade testing was  
initiated for surviving family members. For 
years, the consultand underwent colonoscopy 
every 1 to 2 years for high-risk surveillance. 
His screening schedule was revised after he was 
molecularly confirmed negative for the famil-
ial mutation. The proband’s daughters were 
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Table 2. Molecular Characteristics of Probands’ Tumors; Genetic Conclusions

Characteristic Case A Case B Case C Case D

Cancer type CRC CRC CRC Uterine

Tumor mutation 1 MSH2† p.R621X (c.1861 
C>T)

MSH2† (c.1760-1G>A) MSH2† p.Y408Lfs*9, 
(c.1222dup)

MSH6‡ p.S1028X  
(c.3083 C>A)

Molecular 
classification

P LP P LP

Variant allele fraction N/A§ 0.24 0.68 0.12

Tumor mutation 2 MSH2† p.Q593X 
(c.1777C>T)

MSH2† p.C693R 
(c.2077T>C)

MSH2 LOH MSH6‡ p.R248X  
(c.742 C>T)

Molecular 
classification

P LP N/A P

Variant allele fraction N/A§ 0.28 N/A 0.14

Absent protein(s) on 
IHC staining

MSH2, MSH6 MSH2|| MSH2, MSH6 MSH6

Tumor screening by 
polymerase chain 
reaction

N/A N/A MSI-H MSI-H

Tumor, mSINGS N/A MSI-H MSI-H MSI-H

Tumor mutations 
consistent with 
screening result?

Yes Yes Yes Yes

Conclusion (proband) Double-somatic 
mutations, likely sporadic 

cancer

Double-somatic 
mutations, likely 
sporadic cancer

Germline MSH2 
pathogenic variant, 
Lynch syndrome 

diagnosed posthumously

Double-somatic mutations, likely 
sporadic cancer

Abbreviations: CRC, colorectal cancer; IHC, immunohistochemical; LOH, loss of heterozygosity; LP, likely pathogenic; MMR, mismatch repair; MSI-H, microsatellite 
instability-high; mSINGS, microsatellite instability detection by next-generation sequencing; N/A, result not available or not performed; P, pathogenic.
†NM_000251.2.
‡NM_000179.2.
§Poor DNA quality.
||IHC for MSH6 not performed.
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considering prophylactic total hysterectomy with 
BSO and currently await cascade testing results 
to guide this decision.

Patient D was diagnosed with endometrial 
cancer at age 58 years and died within a year. 
ColoSeq Tumor was ordered on behalf of the 
proband’s 33-year-old daughter, who was consid-
ering initiation of high-risk cancer surveillance 
and prophylactic hysterectomy. ColoSeq Tumor 
revealed two somatic pathogenic variants, MSH6 
p.S1028X and MSH6 p.R248X. Results were 
consistent with a likely sporadic cause of tumor 
MMR deficiency. The consultand and her two 
brothers were advised to initiate colonoscopy 
screening at age 50 years. Prophylactic hyster-
ectomy and BSO were no longer recommended 
for proband’s daughter.

DISCUSSION

Clinical judgment often supports high-risk 
surveillance on the basis of an MMR-deficient 
tumor and/or personal and family history, even 
in the absence of a pathogenic germline vari-
ant. Indeed, individuals with an MMR-deficient 
tumor and negative germline testing have a 
higher recurrence rate of CRC compared with 
individuals with known sporadic cancer, lead-
ing to concern for a missed germline variant.4,7,8 
Despite universal tumor screening recommen-
dations, compliance is inconsistent and may be 
preferentially performed with high clinical sus-
picion of Lynch syndrome.17,18 Preventive cancer 
screening carries cost and risk; clarification of an 
uncertain diagnosis should be sought when clin-
ically feasible.2

Genetic testing is unique; a result potentially 
provides information about a proband and rela-
tives. When a consultand requests a risk assess-
ment and a germline sample from the proband 
is unavailable, it is reasonable to offer genetic 
testing to the unaffected consultand. However, 
surrogate testing is not equivalent to testing 
the affected person and carries its own risks.19 
Whenever possible, it is preferred to test the 
affected individual, even postmortem.

Genetic testing of deceased patients warrants 
special consideration and regulation.20 To our 
knowledge, this is the first report of clinical,  
postmortem, somatic sequencing used to actively 
change surviving relative management. As 
such, literature exploring this issue is limited. 

Information considered ethical to disclose during 
a patient’s lifetime, such as imminent harm to 
identifiable individuals and/or potential benefit 
for at-risk individuals or public health, is con-
sidered ethical to disclose postmortem with the 
family’s consent.20 Resolving an uncertain but 
clinically suspected diagnosis of Lynch syn-
drome falls within this paradigm.

Despite the clinical utility of resolving an uncer-
tain diagnosis, several factors may hinder clin-
ical uptake. First, misinformation abounds.21,22 
Many individuals with MMR-deficient tumors 
and negative germline testing are confused by 
the diagnostic nuances. Patients may misun-
derstand the uncertainty of this result and erro-
neously believe they have Lynch syndrome or 
not understand the results.20 ColoSeq Tumor 
will likely only be offered if diagnosis is recog-
nized as uncertain.5,21,22 Next, test implementa-
tion requires significant genetic literacy, clinical 
judgment, and expertise that is not universally 
available.17 Clinical pathology laboratories are 
required by the College of American Patholo-
gists to retain patient-tissue blocks for 10 years. 
Thus, obtaining samples for postmortem testing 
may not be feasible if requested > 10 years after 
a patient’s tissue procurement. Last, insurance 
coverage for postmortem testing is challenging 
and, if denied, out-of-pocket cost is a deterrent.5 
In this report, insurance coverage was obtained 
for three of four patients. These numbers are 
small and may reflect ascertainment bias of those 
who expected coverage or could self-pay.

This case series has several important limita-
tions, including comprising few cases and that 
patients receiving tumor screening may be a 
selected group, which could skew the high diag-
nostic rate and significant downstream benefits 
for surviving family members.18 Nevertheless, 
this case series sufficiently demonstrates fea-
sibility and clinical utility of resolving an uncer-
tain Lynch syndrome diagnosis in a deceased 
proband.

In conclusion, postmortem paired tumor and 
germline sequencing is feasible, reliable, and 
offers a high diagnostic yield. It is a powerful 
tool to resolve uncertain diagnoses, inform risk 
assessment, and prevent unnecessary cancer sur-
veillance. Families following intensive cancer 
surveillance based on unexplained tumor MMR 
deficiency should be offered tumor sequencing 
for diagnostic resolution.
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