
A patient with an unexpected cancer predisposition syndrome —
somatic tumor mutation testing and germline  

mutation testing complement each other
CAP TODAY and the Association for Molecular Pathology have teamed up to bring molecular case reports to CAP TODAY readers. 
AMP members write the reports using clinical cases from their own practices that show molecular testing’s important role in diag-
nosis, prognosis, and treatment. The following report comes from MD Anderson Cancer Center at Cooper, Cooper University Health 
Care, and Cooper Medical School of Rowan University. If you would like to submit a case report, please send an email to the AMP 
at amp@amp.org. For more information about the AMP and all previously published case reports, visit www.amp.org.
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Molecular analysis of advanced stage tumors has become 
the gold standard for identifying potential targetable muta-
tions with high sensitivity, even in limited size tissue sam-
ples. However, when only tumor tissue is sequenced, it is 
difficult to differentiate between somatic mutations in the 
tumor cells versus constitutional (germline) mutations. 

Case. A 70-year-old Black woman pre-
sented with left-sided low chest pain. Imag-
ing revealed a liver lesion. Her past medical 
history included early-stage breast and lung 
cancer of unknown histologic subtype (both 
about 20 years ago), as well as noninvasive low-grade papil-
lary bladder cancer (about two years prior), all amenable 
to local treatment. At follow-up in the cancer center, the 
patient also complained of several weeks of intermittent 
visual disturbances, generalized shaking, bloody stools, and 
weight loss.

Imaging showed brain metastases, a liver metastasis, and 
mediastinal and hilar adenopathy. A colonoscopy revealed 
an ascending colon cancer, which was resected. The brain 
metastases were treated by radiosurgery, and the liver 
metastasis was biopsied. 

Characterization of the primary colon cancer. The histol-
ogy of the colon cancer consisted of an adenocarcinoma 
with tall columnar nuclei forming irregular glands of mod-
erate complexity with focal extracellular mucin, tumor in-
filtrating lymphocytes, and pushing borders. Immunohis-
tochemistry for the DNA mismatch repair (MMR) proteins 
MLH1, PMS2, MSH2, and MSH6 was performed according 
to the NCCN recommendation for universal MMR screen-
ing of all colorectal cancers.1 Loss of MLH1 and PMS2 ex-

pression in the tumor cells suggested a DNA mismatch 
repair deficiency (Fig. 1a, page 2). MLH1 promoter meth-
ylation testing was then performed to determine whether 
the DNA mismatch repair deficiency was sporadic and 
caused by somatic gene silencing. The tumor was found to 
be MLH1 promoter methylation negative, raising suspicion 
for a possible underlying germline mutation of MLH1 
(Lynch syndrome) and thus an inherited predisposition to 

develop colon, uterine, ovarian, and other 
cancers. The patient was referred for ge-
netic counseling according to our institu-
tional standard for this scenario, and she 
decided to pursue germline testing for 

cancer predisposition (results follow under genetic/germ-
line testing, page 2).

In addition, a large next-generation sequencing panel on 
the colon cancer was requested from a reference laboratory 
by the oncologist to understand a possible molecular rela-
tionship of the colon cancer and the liver lesion. This panel 
tests only the tumor DNA without comparison to normal 
tissue, using a hybrid-capture–based library preparation 
that covers all exons of more than 300 genes as well as se-
lected introns to allow detection of clinically relevant rear-
rangements. The variant allele frequency (VAF) was not 
part of the report from this reference laboratory. The colon 
cancer showed high microsatellite instability (MSI-H) and 
two truncating MLH1 mutations, p.Y157fs*3 and p.R487*, 
as well as pathogenic variants in ASXL1, BRCA2, CTN-
NB1, PIK3CA, PTEN, and TP53 (Fig. 1b). Notably, the 
majority of variants are frameshifts, possibly caused by the 
mismatch repair deficiency. Without any additional knowl-
edge about VAF of these MLH1 variants or germline se-
quence information, the findings of high microsatellite in-
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stability and two truncating mutations in MLH1 again 
raised the possibility of Lynch syndrome. 

Characterization of the liver metastasis. Histology of the 
liver metastasis showed a poorly differentiated adenocar-
cinoma with pleomorphic nuclei, prominent nucleoli, and 
areas of gland formation with focal intracellular mucin. It 
was classified as metastatic high-grade adenocarcinoma 
consistent with a lung primary based on positivity for CK7, 
Ber-EP4, and TTF-1, and negativity for CK20, CDX2, villin, 
GATA-3, PAX-8, uroplakin II, GCDFP-15, and ER (Fig. 2a, 
page 3). However, the immune profile of the patient’s lung 
cancer in the past was unknown. PD-L1 (clone 22C3) 
showed high expression (tumor proportion score 95 per-
cent, intensity 2+), which qualified the patient for treatment 
with pembrolizumab. The lung cancer metastasis in the 
liver was also analyzed by NGS by the same reference labo-
ratory as the colon cancer, which revealed pathogenic 
variants in NF1, BRCA2, CDKN2A, and TP53, again 
without information on the VAF. Of note, this metastasis 
did not show any MLH1 mutations and was microsatellite 
stable (Fig. 2b).

Conclusions from molecular characterization of the colon 
cancer and the liver metastasis from a lung primary. These 
findings taken together reduced our suspicion of a germline 
mutation in MLH1. However, the BRCA2 p.A938fs*21 
frameshift mutation had been seen in the colon cancer as 
well as in the lung cancer metastasis, suggesting a possible 
germline mutation in BRCA2. BRCA2 germline mutations 

are associated with an inherited predisposition to breast, 
ovarian, prostate, and other cancers known as hereditary 
breast and ovarian cancer syndrome (HBOC). However, 
colorectal cancer and lung cancer are not part of HBOC. 
Both tumor NGS reports from the reference laboratory 
mentioned HBOC in a general way in the discussion of the 
BRCA2 mutation, but did not discuss that in this patient it 
could be a possible germline mutation based on the VAF 
or that the same mutation was present in a different tumor 
of the same patient tested at the same laboratory. 

Genetic/germline testing. Germline genetic testing for 
cancer predisposition mutations in the patient’s blood was 
initiated based on the MMR deficiency and lack of MLH1 
promoter methylation in the colon cancer, before the so-
matic NGS testing of the liver metastasis had been com-
pleted. A reference laboratory tested peripheral blood DNA 
with an NGS panel of five genes associated with Lynch 
syndrome and 29 additional genes associated with heredi-
tary cancer predisposition in the germline sample and 
compared the findings with the MMR gene mutation profile 
in the colon cancer. This analysis revealed the p.Y157fs*3 
and p.R487* variants in MLH1 and copy-neutral loss of 
heterozygosity of MLH1 only in the colon cancer (somatic) 
and not in the germline. However, the BRCA2 p.A938fs*21 
mutation was identified as a heterozygous pathogenic 
mutation in the germline sample. This BRCA2 mutation 
has been reported in multiple families with HBOC and is 
listed in ClinVar (www.ncbi.nlm.nih.gov/clinvar/variation/9322) where 
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Fig. 1a. Colorectal cancer showing loss of MLH1 and PMS2 expression in the cancer cells but retained nuclear staining for MSH2 and MSH6, indicating a 
DNA mismatch repair deficiency (dMMR) (200× magnification).
Fig. 1b. Next-generation sequencing detects pathogenic variants in the colorectal cancer including two inactivating mutations of MLH1 as well as high 
microsatellite instability (MSI-H). Frameshift mutations are noted in several other genes, including BRCA2.
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it has been consistently classified as pathogenic by various 
submitting entities since 1995. Expert panel review on April 
22, 2016 supports the classification as pathogenic with the 
predicted truncated nonfunctional protein (ClinVar, ac-
cessed on Aug. 27, 2021). This variant is also listed as a 
confirmed somatic mutation in two ovarian cancers and 
one prostate cancer as well as in a lymphoid neoplasm in 
COSMIC (https://cancer.sanger.ac.uk/cosmic, Genomic Mutation ID 
COSV66447416, accessed July 9, 2021).

Discussion. The primary goal of somatic biomarker test-
ing of tumor tissue is to detect molecular alterations for the 
purpose of diagnosis, prognosis, and prediction of treatment 
efficacy. Different testing modalities are used for different 
primary tumor types and may include testing for single 
gene alterations by immunochemistry, fluorescence in situ 
hybridization, or molecular methods 
such as RT-PCR or Sanger sequencing. 
However, while the number of rele-
vant biomarkers has increased rapidly 
over the course of the past 10 years, the 
amount of tumor tissue available for 
testing remains limited.2-4 Therefore, 
simultaneous testing of multiple genes 
by NGS, with a relatively high sensitiv-
ity (three to five percent VAF for single 
nucleotide variants and small inser-
tion/deletions in most laboratories 
using standard protocols for somatic 
tumor testing), on relatively small tu-
mor samples is gaining popularity and 
quickly becoming standard of care, 
especially for lung cancer.5-7 

Germline genetic testing is per-
formed on nonmalignant cells of the 
patient (e.g. peripheral blood, saliva, buccal swabs) with 
the purpose of identifying a genetic predisposition for cer-
tain diseases, including cancer (e.g. Lynch syndrome and 
HBOC). Germline sequencing of multiple cancer-predis-
posing genes simultaneously by NGS has become the fastest 
and most cost-efficient way to test patients given the notable 
overlap in the clinical presentation of many known cancer 
predisposition syndromes.1,8,9 One advantage of multi-gene 
panel testing is that germline mutations can be found in 
genes that were not expected to be mutated based on the 
clinical presentation. In a study of 475 patients who were 
tested with a multi-gene panel, 15.6 percent were found to 
carry a cancer-predisposing germline mutation but only 
47.3 percent of them turned out to be in the genes that the 
clinicians had previously suspected.10 Possible disadvan-
tages of this testing strategy include an increased frequency 
of identifying genetic variants of unknown significance or 
pathogenic variants in genes for which there are no current 
clinical management guidelines.11,12 

When tumor tissue is tested, it can be difficult to distin-

guish somatic mutations from germline mutations as most 
laboratories only sequence the tumor. Correlating the VAF 
in the tumor with the tumor cell percentage can be helpful 
to distinguish between the two; however, the VAF is not 
always included in reports. Theoretically, the VAF of a driver 
mutation should be approximately 50 percent of the tumor 
cell percentage, and in a tumor with high tumor cell percent-
age it might be around 50 percent. Loss of heterozygosity 
(LOH), copy neutral LOH, or gene amplification might 
distort this relationship and the estimation of the tumor cell 
percentage may be inaccurate. A germline mutation, how-
ever, is also expected to show a VAF of around 50 percent. 
It is impossible to distinguish with certainty between a so-
matic mutation and a germline mutation when only tumor 
tissue is tested. In our patient, two mutations in one cancer-

predisposing gene, MLH1, in the colon cancer raise suspi-
cion for a possible germline mutation and a second somatic 
inactivating mutation. Therefore, germline testing is neces-
sary to prove the germline mutation status,13 as a similar 
molecular profile could also be found in “Lynch-like” tu-
mors with high microsatellite instability, where both alleles 
of an MMR gene are inactivated by somatic mutations.14 

Although molecular testing of tumors is not performed 
with the purpose of detecting an underlying cancer predis-
position syndrome, it is important to note that molecular 
findings in a tumor interpreted in the context of the clinical 
history may be suggestive of cancer predisposition syn-
dromes. Cancer genetic evaluation should be offered in 
those instances, as germline test results might have a signifi-
cant impact on patient management and surveillance.15,16

Conclusion. In this patient with a history of multiple 
primary cancers, somatic biomarker testing identified im-
munotherapy as an option for the lung cancer based on the 
PD-L1 expression and for the colorectal cancer based on 
the MMR deficiency. Molecular testing also identified a 
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Fig. 2a. Liver metastasis of high-grade adenocarcinoma, consistent with a lung primary (200× 
magnification). PD-L1 22C3 staining showed a tumor proportion score of 95 percent with 2+ intensity 
(not shown).
Fig. 2b. Next-generation sequencing detects pathogenic variants in the lung cancer metastasis. There 
is no MLH1 mutation and microsatellites are stable (MSS). The BRCA2  A938fs*21 is present again.
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previously unsuspected germline mutation in BRCA2 that 
will guide future medical care for this patient as well as her 
family and could provide options for future therapy with 
PARP inhibitors in the right clinical context. 

Although initial somatic molecular characterization of 
the patient’s colon cancer and her clinical history of urothe-
lial cancer suggested a possible germline MMR defect in 
MLH1 (Lynch syndrome), the collaborative and multidis-
ciplinary investigative efforts of her oncologist, molecular 
pathologist, and genetic counselors urged germline testing, 
which ultimately led to the discovery of a germline BRCA2 
mutation (HBOC), which likely caused the breast cancer 20 
years ago. The mismatch-repair–deficient colon cancer and 
the metastatic lung cancer were likely unrelated to the 
patient’s HBOC. Of note, further breast imaging revealed 
new calcifying breast lesions that were diagnosed as inva-
sive ductal carcinoma and resected. Given the germline 
mutation in BRCA2, a prophylactic bilateral mastectomy 
could have been considered. However, the patient ulti-
mately opted for close surveillance because of her age and 
poor cardiac status. In addition, identification of the germ-
line BRCA2 mutation has led to cascade testing of family 
members, highlighting the clinical utility/significance of 
identifying this mutation.� n
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Test yourself
Here are three questions taken from the case report. Answers 
are online now at www.amp.org/casereports and will be published 
next month in CAP TODAY.

1. In this case, loss of MLH1 and PMS2 detected by immuno-
histochemistry in the patient’s colon tumor was explained by:
a.  A germline mutation in MLH1 (Lynch syndrome).
b.  MLH1 promoter methylation.
c.  Two somatic mutations in MLH1.
d.  A germline mutation in BRCA2.

2. This case demonstrates all of the following except:
a.   Distinguishing somatic mutations from germline mutations can be 

challenging.
b.   Somatic testing is superior to germline testing.
c.   Paired (both somatic and germline) testing may be needed to gain the 

full clinical picture for both a patient and their family members.
d.   Individuals with germline BRCA2 mutations can have primary cancer 

types outside of the traditional HBOC tumor spectrum (breast, ovarian, 
prostate, pancreatic).

3. Which of the following is not a benefit of the NGS multi-
gene panel approach to genetic testing?
a.   Increased frequency of identifying genetic variants of unknown signifi-

cance or pathogenic variants in genes for which there are no current 
clinical management guidelines.

b.   Most cost-effective way to test for mutations in multiple genes.
c.   Identification of mutations in genes that were not expected based on 

clinical presentation.
d.   Fastest way to test for mutations in multiple genes.


