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Abstract 

With improvements in DNA sequencing technologies and the consequent reduction in costs, 
next generation sequencing is being utilized increasingly in panel-based testing to perform molec- 
ular profiling of tumors. Such tumor-based panels are often referred to as ‘somatic’ panels, but 
this term is misleading and should not be used, since not all DNA variants within a tumor are 
somatic in nature. Every cell in a person’s body contains that person’s germline DNA, including 
tumor cells. Moreover, tumor samples are invariably contaminated with blood, a tissue that can 
contain somatic mutations itself in a process now called clonal hematopoiesis. Differentiating be- 
tween germline variants or tumor-associated somatic mutations versus clonal hematopoiesis can 
be challenging. In this review, we address how to interpret the results of somatic mutation panels, 
how to differentiate between germline and truly somatic events, and discuss the importance of 
this distinction. 
Keywords Germline predisposition, Next generation sequencing, Cancer, Somatic variant, 
Germline variant, Clonal hematopoiesis. 
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A representative case 

A 65 year old woman with a history of an ER + PR + HER2 +
invasive ductal carcinoma of the right breast diagnosed at age
34, status-post lumpectomy/radiation/and chemotherapy, pre-
sented to the Hematology Clinic with newly diagnosed chronic
lymphocytic leukemia (CLL). Panel-based next generation
sequencing (NGS) was conducted on the peripheral blood
and revealed a TP53 (c.743G > A, p.R248Q) mutation with a
variant allele fraction (VAF) of 45%. Due to anemia and con-
stitutional symptoms, she began treatment with ibrutinib. She
achieved a complete remission but had minimal residual dis-
ease (MRD). Six months later, she developed abnormal uter-
ine bleeding. Further investigation uncovered a small Fallop-
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ian tube tumor, which was completely excised. An NGS panel
performed on the formalin fixed paraffin embedded (FFPE)
Fallopian tube tumor showed the same TP53 (c.743G > A,
p.R248Q) mutation, but this time with a VAF of 90%. 

The gynecologist calls you to discuss the TP53 mutation.
She wants to know if the patient has Li-Fraumeni Syndrome
(LFS) and should be referred to a genetics counselor. She
is cautious, because her resident thinks that the variant is
coming from contaminating CLL cells, and the medical stu-
dent who had just finished his Hematology/Oncology rotation
challenged them both, saying that this could be due to clonal
hematopoiesis (CH), given her age. She asks you what you
think. 

Germline variants as incidental findings 

Tumor-based NGS panels are becoming more commonplace
and can help inform diagnosis, prognosis, and treatment de-
cisions, furthering the goal of precision oncology. However,
caution is advised in the interpretation of so-called ‘somatic’
NGS panels, because all cells in a person’s body contain

http://crossmark.crossref.org/dialog/?doi=10.1016/j.cancergen.2019.04.065&domain=pdf
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Table 1 Pathogenic germline variants as incidental findings from tumor-based sequencing. 

Reference Tumor type Number of genes 
evaluated 

Number of 
patients 

Number of patients 
with PGVs 

Percentage of 
patients with PGVs 

[3] Solid tumor and 
hematologic 

85 815 27 3% 

[4] Solid tumors and 
hematologic 

36 439 19 4.3% 

[5] Solid tumors and 
lymphoma 

19 1000 43 4.3% 

[6] Gastroesophageal, 
hepatobiliary, and 
colorectal 

NR (NGS 

FoundationOne 
panel testing) 

7 3 43% 

[7] Solid tumors 16 10,888 156 1.4% 

[8] Advanced solid 
tumors 

187 1566 246 15.7% 

[9] Advanced solid 
tumors 

76 1040 205 19.7% 

[10] Solid tumors and 
hematologic 

152 10,389 853 8% 

[11] Hematologic 9 52 PVs 6 PGVs 12% 

∗

NGS, next generation sequencing; NR, not reported; PGV, pathogenic or likely pathogenic germline variant; PV, pathogenic variant. ∗Percentage 
of total identified pathogenic variants that were found to be germline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

germline DNA, including tumors. As a result, these panels not
only detect tumor-specific, acquired variants, but may also in-
cidentally identify germline variants and cannot distinguish
between the two, a fact that is important for clinicians or-
dering and disclosing results of these panels to recognize
[1,2] . 

Frequency of incidental germline findings 

Recently, several studies have investigated the frequency of
incidental germline variants found during tumor-based se-
quencing ( Table 1 ) [3–11] . Jones et al. conducted whole ex-
ome sequencing (WES) or targeted NGS of 815 patients with
apparently sporadic cancers, spanning 15 different types of
tumors, including solid tumors and hematologic malignancies
[3] . By performing sequencing on paired tumor-normal sam-
ples from each of these patients, they were able to identify
3% (27 patients) harboring a germline truncating alteration
in at least one of 85 evaluated genes known to be associ-
ated with cancer predisposition syndromes. Six mutations in
BRCA1 accounted for 22% of the identified germline variants,
and patients with breast and/or ovarian cancer were the most
common carriers of these BRCA1 variants (5 of the 6 cases).
A major limitation of this study was that only truncating alter-
ations, including nonsense alterations, splice site changes,
and insertions or deletions causing a frameshift were re-
ported. Missense mutations, a common type of germline al-
teration, were not evaluated and consequently, the reported
3% of patients found to carry a germline mutation in a can-
cer predisposing gene is likely an underestimate. Despite
its limitations, this was one of the first large studies that
highlighted the importance of using germline tissue to iden-
tify and interpret variants found from tumor-based testing
accurately. 
Similar to the Jones paper, Seifert et al. found 4.3% of
cancer patients had likely pathogenic or known pathogenic
germline variants (PGVs) present in somatic sequencing pan-
els conducted on 439 unselected cancer patients with 10 dif-
ferent cancer types, including solid tumors and hematologic
malignancies [4] . BRCA1/2 followed by ATM were the most
commonly mutated, with 11/19 (58%) and 4/19 (21%) respec-
tively, of the PGVs identified. The majority of the PGVs (12/19)
found in this study occurred in genes for which alterations are
known to be associated with the cancer type of the patient
being studied, with BRCA1/2 PGVs in patients with breast
cancer being the most common. In a slightly larger analysis
of 1000 patients with metastatic or locally advanced solid tu-
mors or lymphomas, Meric-Bernstam et al. used paired tumor-
normal (blood) tissues to evaluate incidental PGVs in 19 po-
tentially actionable cancer-associated genes from a somatic
genomic profiling protocol [5] . Like Seifert, Meric-Bernstam
et al. found that 4.3% of patients had a likely PGV, with
PGVs in BRCA1, BRCA2, and TP53 being the most preva-
lent, accounting for 26%, 23%, and 23% of the PGVs, respec-
tively. Ovarian cancer samples were found most commonly
to contain PGVs at a rate of 14%. The numbers reported
by Seifert and Meric-Bernstam, however, are likely under-
estimates of the true frequency, because variants were only
checked in 36 and 19 hereditary cancer susceptibility genes,
respectively. 

The reported frequency of PGVs as a secondary finding
from tumor-based sequencing varies significantly, from a low
of 1.4% to a high of 43% [6,7] . Logically, studies that evalu-
ated a larger number of genes and those that preselected pa-
tients based on suspicion for germline predisposition tended
to report higher frequencies of PGVs. Examining a broad
gene panel, including 187 genes with Mendelian disease as-
sociations, Schrader et al., found PGVs in 15.7% of 1566
patients with various advanced solid tumors [8] . When their
analysis was restricted to variants within cancer susceptibility
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genes and clinically actionable genes, genes for which tar-
geted therapies exist or are in development, the frequency of
presumed PGVs decreased to 12.6% and 5.0%, respectively.
The most commonly mutated cancer susceptibility genes in
this study were BRCA2 (31 PGVs) , CHEK2 (23 PGVs) , MU-
TYH (23 PGVs) , and BRCA1 (21 PGVs). Mandelker et al.
perfor med paired tumor-nor mal sequencing on 1040 patients
with advanced solid tumors and found that 205 (19.7%) car-
ried PGVs within 76 evaluated cancer susceptibility genes
[9] . Out of the 205 PGVs, 45 and 28 were within the BRCA2
and CHEK2 genes, respectively. They also determined that
101 clinically actionable PGVs would have been missed if
guideline-directed germline testing, based on family history,
age at diagnosis, and tumor type, were used rather than
paired tumor-normal sequencing. In one of the largest inves-
tigations into PGVs in cancer to date, Huang et al. used WES
filtered for 152 cancer susceptibility genes on paired tumor-
normal samples to search for secondary PGVs within 10,389
individuals with a variety of solid tumors and hematologic ma-
lignancies [10] . Eight percent of patients were found to carry
a PGV, with the highest rates of PGVs in ovarian cancer and
pheochromocytoma and paraganglioma tumors at 19.9% and
22.9%, respectively. In addition to the larger number of genes
evaluated, the investigators of this study examined not only
single nucleotide variants (SNVs) but also copy number vari-
ants (CNVs), which could account for the higher frequency
of PGVs found compared to earlier studies. Together these
studies demonstrate that PGVs are frequent incidental find-
ings in tumor-based sequencing, and the frequency at which
PGVs are detected depends on the comprehensiveness of the
analysis. 

The aforementioned studies all involved solid tissue tu-
mor specimens. Naturally though, PGVs can be found inci-
dentally in other tumor sources, including liquid biopsies. 156
of 10,888 patients (1.4%) with advanced stage solid tumors
were found to have a putative PGV on tumor-based NGS us-
ing cell free DNA (cfDNA) [7] . In this study, the search for
PGVs was limited to 16 actionable hereditary cancer genes,
mutations with VAFs less than 40% were excluded, equivocal
variants from samples with high circulating tumor DNA load
(defined by the authors as more than one circulating tumor
mutation present at an allelic frequency greater than 30%)
were excluded, and germline CNVs were not evaluated, all
of which may account for the low prevalence compared to
those found when using DNA from solid tissue. The poten-
tial impact of the number of circulating tumor cells on the
frequency of PGV detection was not addressed in this arti-
cle. The highest prevalence of PGVs in this study were found
in ovarian, prostate, and pancreatic cancer at 8.1%, 3.5%,
and 3.3%, respectively. This study shows that sequencing
cfDNA has the same challenges of incidental germline vari-
ant detection as does solid tissue tumor-based sequencing,
and caution with variant assignment must be taken in both
cases. 

In addition to somatically mutated genes, NGS panels con-
ducted for hematologic neoplasms also contain genes known
to be altered in hereditary hematologic malignancies (HHM)
[12,13] . It would therefore be expected that such panels per-
formed on the peripheral blood or bone marrow of patients
with hematologic malignancies may detect both acquired vari-
ants and PGVs. This was confirmed by Drazer et al. through
review of NGS panels conducted on 360 patients with hema-
tologic malignancies [11] . A total of 52 pathogenic or likely
pathogenic variants in 9 HHM-associated genes, among 44
patients with available germline tissue for paired analysis,
were identified and 6 (12%) of these variants were confirmed
to be of germline origin. PGVs in DDX41, GATA2, and TP53
were identified. 

How does knowing the germline status of the 

variant impact management? 

Distinction between somatic and germline aberrations is im-
portant as proper assignment of a variant has significant im-
pact on the patient’s management and has important impli-
cations for their family members [1,13–15] . Patients should
be properly counselled prior to sending these tests, and their
wishes for disclosure of potential germline findings should be
ascertained [16] . 

For example, incidentally finding a pathogenic germline
TP53 variant can alter a patient’s treatment plan for their ac-
tive malignancy, such as bilateral total mastectomy for breast
cancer as opposed to lumpectomy and radiation, to decrease
risk of secondary malignancies; impact cancer screening rec-
ommendations, such as breast cancer screening with MRI
starting around age 25 years and enhanced colorectal can-
cer screening with colonoscopy every 2–5 years; and should
prompt investigation and screening of potentially affected fam-
ily members [17] . In the case of hematologic malignancies,
such as acute myeloid leukemia (AML), a condition which of-
ten necessitates an allogeneic stem cell transplant for the best
chance of cure, the recognition of a predisposing germline
alteration is vital to proper stem cell donor selection. The
preferred donor for an allogeneic stem cell transplant is usu-
ally a matched sibling donor. However, if the patient carries a
germline variant associated with an HHM inherited from a par-
ent, there is a 50% chance that each of their siblings also car-
ries this variant, and use of their stem cells, if affected, would
result in reconstitution of the patient’s bone marrow with the
same leukemia predisposition variant, putting the recipient at
risk for complications such as delayed or failed engraftment
and donor-derived leukemias [15,18] . Moreover, bone mar-
row stimulation and stem cell mobilization may increase the
donor’s inherent risk of developing a HM if the related donor
shares the familial mutation. As a result, discovery of such a
variant should prompt testing of related donors to ensure use
of an unaffected donor or to prompt the use of an unrelated
donor. 

Just as knowing the germline status of a patient has im-
portant implications for the patient’s clinical management, so
too does the knowledge of tumor-derived somatic mutations.
For example as we introduced earlier, in CLL, somatic TP53
mutations are high r isk, portending infer ior responses to tra-
ditional chemoimmunotherapy, and when present, alterna-
tive therapies are suggested [19] . Many therapies targeted
against specific acquired mutations now exist, such as ve-
murafenib, which targets a key driver mutation in hairy cell
leukemia ( BRAF V600E) [20] . However, if the provider con-
veying the results of genetic testing does not realize that just
because the panel is called a ‘somatic’ panel, not all variants
called are in fact somatic, they could easily falsely assign a
significant proportion of variants. Many ways to help deter-
mine the actual source of a variant have been proposed. 
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Differentiating between somatic and germline 

variants 

Personal and family history 

Suspicion for a germline predisposition to cancer should arise
when the diagnosis occurs at a significantly younger age than
would normally be expected. Importantly however, presen-
tation at a ‘normal’ age does not preclude presence of a
germline predisposition. For example, myeloid neoplasias as-
sociated with PGVs in DDX41 typically occur at ages no differ-
ent than the population-based median age at diagnosis [21] .
Many known germline cancer predisposition genes present
within individuals with a wide age range. For example, in those
with germline RUNX1 mutations, the age of onset of hema-
tological malignancy can range from as young as 6 to as old
as 77 years [22] . The age of onset for some types of familial
cancers also depends on the generation affected, with pro-
gressively younger age of onset in successive generations,
a phenomenon known as anticipation [23] . When confronted
with the first generation affected, the age at diagnosis can be
misleading. 

Taking a comprehensive family history remains an essen-
tial tool when evaluating for the possibility of germline pre-
disposition, but with families becoming smaller, the absence
of a strong family history does not exclude the presence of
germline mutations [24] . A pediatric study, analyzing 1120
children and adolescents with cancer found that only 40%
of those with a PGV and available information on family his-
tory, had a positive family history for cancer [25] . In addition,
several inherited predisposition syndromes can be caused by
de novo germline mutations, ranging from as low as 0.3%
in BRCA1/2 related cancers to a more substantial portion of
cases, as in GATA2 deficiency syndromes [26–28] . Wlodarski
et al. analysed 53 patients with GATA2 deficiency syndromes
that had familial information, of which 77% had no family his-
tory of myelodysplastic syndrome (MDS) or AML, and 9 out
of the 11 (81%) patients whose parents also underwent se-
quencing had de novo germline mutations [29] . 

Molecular information 

In some cases, the specific genetic variant found can pro-
vide clues as to its origin. For example, DDX41 truncating
mutations have only been found in the germline setting, with
no somatic truncating variants identified to date [21] . In con-
trast, some genes can have identical variants present in both
germline and somatic cases. This overlap and the challenges
it presents can be seen in clear cell renal cell carcinoma,
where mutations in the Von Hippel Lindau ( VHL ) gene are
identified in more than 50% of tumor samples, but these
same mutations can also be present as germline mutations in
Von Hippel Lindau syndrome, a syndrome that predisposes
to a variety of tumors including pheochromocytoma, heman-
giomas and renal cell carcinoma, prompting the need for
germline testing [30] . 

It is tempting to use VAF as an indicator of germline ori-
gin, with the rationale that any germline mutation would have
a VAF close to 50% in heterozygous states, or 100% in ho-
mozygous states. However, this is overly simplistic and can
lead to erroneous assumptions. In particular, we advise cau-
tion for clinicians who disclose results from commercial hema-
tologic malignancy panels, as some of these companies use
a dangerous practice of relying on the VAF to assign germline
status. This strategy will not account for structurally modifying
events, such as loss of heterozygosity and copy number varia-
tion, which can alter the VAF. There are reports in which using
VAF alone only successfully distinguished germline from so-
matic variants in 48% of cases [3] . In contrast, one study did
not find any germline mutations with a VAF less than 40% in
a cohort of paired tumor-normal samples [31] . 

Some approaches attempt to use bioinformatic algo-
rithms to distinguish between germline and somatic variants
by modeling the expected allele frequencies of germline,
somatic, and subclonal mutations using only mutational
allelic fraction and sample purity [32] . Despite recognized
limitations of this approach, such as the need for an accurate
assessment of tumor versus normal tissue content of the
sample, Sun et al. were able to distinguish between germline
and somatic status in 85% of variants with an accuracy of
95–99% [32] . Other bioinformatic strategies try to differentiate
between germline and somatic variants by using a virtual
normal for comparison, composed of a pool of sequencing
from a large number of unrelated healthy individuals, rather
than a matched normal sample from the same individual
[33] . This approach relies on the fact that most variants are
common in the general population. This method has been
found to filter out the majority of germline variants (96–99%)
successfully within tumor samples [33] . The major limitation
of this method, however, is that it will miss calling PGVs that
are very rare in the general population, as these will likely
not be present in the pool of normal sequences. 

Paired tumor-normal sequencing 

As was used in the majority of the studies reviewed in the
“Frequency of Incidental Germline Findings” section, paired
tumor-normal sequencing is thought to be the best way to
differentiate between somatic and germline mutations found
in tumor specimens [34] . Identical variants found in both
the tumor and normal tissue are generally considered to be
germline, whereas those isolated to the tumor are called so-
matic. For this method to be reliable, however, the choice of
“normal” tissue plays a vital role. DNA extracted from periph-
eral blood is commonly used as the comparative normal tis-
sue when paired tumor-germline sequencing is conducted for
solid tumors. However, in the case of hematologic malignan-
cies, peripheral blood cannot be used for this purpose, be-
cause the hematopoietic cells are the tumor cells and there-
fore contain both germline and tumor-associated mutations.
The evidence for the ideal type of germline tissue in this set-
ting is scarce. One study suggested that buccal swabs opti-
mized for recovery of epithelial cells and T cells can be used,
but the preferred germline source of DNA for hematologi-
cal malignancies at the moment is cultured skin fibroblasts
[34,35] . This approach minimizes blood contamination, how-
ever, it normally requires 3–4 weeks to allow the fibroblasts
to expand to sufficient numbers for DNA extraction. Although
it can be considered the gold standard, paired tumor-normal
tissue sequencing is not always practical or feasible due to
time, financial, and technical limitations. 

We have developed a simplified flow chart as a guide to
identifying germline variants from tumor-based sequencing
( Fig. 1 ). 
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Fig. 1 How to differentiate between somatic and germline variants when variants are called on tumor-based sequencing . 
NGS, next generation sequencing; VAF, variant allele fraction. ∗Cultured skin fibroblasts are recommended as the source of germline 
DNA to eliminate possible contamination with blood and incidental detection of clonal hematopoiesis. + VAF should be interpreted with 
caution as it can be altered by structurally modifying events, such as loss of heterozygosity and uniparental disomy. The cut off of 40% 

was selected based on results from our group’s previous study, which found no germline variants with a VAF under 40% [11] . ‡ Germline 
tissue sequencing is recommended to confirm the variant status of “likely germline” or “likely somatic” variants. 

 

 

 

 

 

 

 

 

 

 

 

 

How to report incidental germline findings 

When a germline variant is found incidentally on tumor-based
testing, we recommend following the standards and guide-
lines for the interpretation and reporting of sequence variants
in cancer, a joint consensus recommendation by the Associa-
tion for Molecular Pathology (AMP), American Society of Clin-
ical Oncology (ASCO), and College of American Pathologists
(CAP) [36] . This AMP/ASCO/CAP guideline recommends re-
porting incidentally found PGVs that have known clinical im-
pact and/or are associated with a hereditary cancer syndrome
for which established guidelines for clinical surveillance exist.
For clinical exome or genome sequencing the ACMG includes
a list of 59 medically actionable genes ( Table 2 ), for which they
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Table 2 List of 59 genes recommended by the ACMG for return of secondary findings in clinical exome or genome sequencing. 
Approximately half of these genes are associated with cancer predisposition syndromes and are often included in ‘somatic’ panels. 

Disorder/Syndrome Gene 

Hereditary breast and ovarian cancer BRCA1, BRCA2 
Li–Fraumeni Syndrome TP53 
Peutz–Jeghers syndrome STK11 
Lynch syndrome MLH1, MSH2, MSH6, PMS2 
Familial adenomatous polyposis APC 

MYH-associated polyposis; adenomas, multiple colorectal, FAP 

type 2; colorectal adenomatous polyposis, autosomal recessive, 
with pilomatricomas 

MUTYH 

Juvenile polyposis BMPR1A, SMAD4 
Von Hippel–Lindau syndrome VHL 
Multiple endocrine neoplasia type 1 MEN1 
Multiple endocrine neoplasia type 2 RET 

Familial medullary thyroid cancer RET 

PTEN hamartoma tumor syndrome PTEN 

Retinoblastoma RB1 
Hereditary paraganglioma- 
pheochromocytoma syndrome 

SDHD, SDHAF2, SDHC, SDHB 

Tuberous sclerosis complex TSC1, TSC2 
WT1-related Wilms tumor WT1 
Neurofibromatosis type 2 NF2 
Ehlers–Danlos syndrome, vascular type COL3A1 
Marfan syndrome, Loeys-Dietz syndromes, and familial thoracic 
aortic aneurysms and dissections 

FBN1, TGFBR1, TGFBR2, SMAD3, ACTA2, MYH11 

Hypertrophic cardiomyopathy, dilated cardiomyopathy MYBPC3, MYH7, TNNT2, TNNI3, TPM1, MYL3, ACTC1, 
PRKAG2, GLA, MYL2, LMNA 

Catecholaminergic polymorphic ventricular tachycardia RYR2 
Arrhythmogenic right ventricular cardiomyopathy PKP2, DSP, DSC2, TMEM43, DSG2 
Romano-Ward long-QT syndrome types 1, 2, and 3, Brugada 
syndrome 

KCNQ1, KCNH2, SCN5A 

Familial hypercholesterolemia LDLR, APOB, PCSK9 
Wilson disease ATP7B 

Ornithine transcarbamylase deficiency OTC 

Malignant hyperthermia susceptibility RYR1, CACNA1S 

Adapted from Kalia et al. [37] . 

Table 3 Suggested list of genes to report for return of secondary findings from tumor-based sequencing that confer increased risk of 
myeloid neoplasms. 

Disorder/Syndrome Gene 

Familial MDS/AML RUNX1, GATA2, ETV6, CEBPA, DDX41, ANKRD26, SRP72, 
SAMD9, SAMD9L 

Inherited bone marrow failure syndromes with germline 
predisposition to myeloid neoplasms 

TERT, TERC, FANC genes, DKC1, ELANE, HAX1, GFI1 

Inherited syndromes associated with myeloid neoplasms TP53, PTPN11, CBL, KRAS, NF1, BLM, ATG2B/GSKIP, 
BRCA1, BRCA2 

AML, acute myeloid leukemia; MDS, myelodysplastic syndrome. Bolded genes are included in both the 2016 WHO classification of hematologic 
malignancies and the 2017 NCCN MDS clinical practice guideline [12,40] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

recommend reporting incidental or secondary germline find-
ings [37] . Approximately half of these genes are known can-
cer predisposition genes and are often included in ‘somatic’
panels. The AMP/ASCO/CAP also recommends disclosure of
PGVs found within these 59 genes when they are identified
through paired tumor-normal sequencing [36] . 

No such guidelines or lists exist for the reporting of in-
cidentally found germline variants associated with hemato-
logic malignancies. However, reporting genes included in the
newly incorporated sections on germline predisposition to
myeloid malignancies in the 2016 World Health Organization
(WHO) classification of hematologic malignancies and the
2017 NCCN MDS clinical practice guideline as well as SAMD9
and SAMD9L , more recently implicated in familial MDS, would
be reasonable ( Table 3 ) [12,38–40] . More comprehensive lists
and details on genes associated with germline predisposi-
tion to hematologic malignancies can be found elsewhere
[13,41–47] . 
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Clonal Hematopoiesis: another confounding 

factor 

When it comes to differentiating between somatic and
germline variants on tumor-based NGS, the possibility of de-
tecting CH rather than somatic tumor variants must also be
considered. CH describes the clonal expansion of blood cells
derived from a hematopoietic stem or progenitor cell that has
acquired one or more somatic mutations [48] . The term clonal
hematopoiesis of indeterminate potential (CHIP) is used when
the somatic mutation occurs in a gene known to be associ-
ated with hematologic malignancy, but diagnostic cr iter ia for a
hematologic malignancy are not fulfilled [49] . When a somatic
mutation is present in a patient with unexplained cytopenias
who does not otherwise meet diagnostic cr iter ia for a hemato-
logic malignancy, the term clonal cytopenias of undetermined
significance (CCUS) is used [50] . Both CHIP and CCUS are
encompassed under the broader heading of CH. CH is found
in up to 10% of persons over age 65 years and 1% of those
under the age of 50 years [51] . 

The potential for incidental detection of CH from tumor-
based NGS was first brought to light with the identification of
JAK2 V617F, a variant commonly found in myeloproliferative
neoplasms, non-small cell lung cancer, and duodenal cancer
[52,53] . Lee et al. reported a case of a JAK2 V617F variant
mistakenly assigned as a somatic duodenal cancer mutation
by panel tumor-based NGS in a patient with polycythemia vera
[52] . The mutation was initially found to be present in both tu-
mor tissue, which contains a mix of tumor, germline tissue,
and blood cells and in a buccal swab specimen, which con-
tains germline DNA, but is often contaminated by blood cells.
Subsequent testing in normal tissue and fingernail DNA, two
sources of germline DNA, failed to detect this mutation, in-
dicating that it was somatic rather than germline and likely
present in the tumor and buccal cells, because of contamina-
tion with blood cells, as opposed to a tumor-derived somatic
mutation. 

The concept that the presence of CH can confound tumor-
only sequencing results was further examined by Ptashkin et
al. [54] . They analyzed targeted NGS data of paired blood
and tumor samples from 17,469 patients and identified 7608
variants in 396 genes from 4628 patients. Among these vari-
ants, 1075 of them from 912 patients, were derived from
CH, accounting for 14.1% of all identified variants within
5.2% of the evaluated population. CH events were most com-
mon in DNMT3A, TET2 , and PPM1D . By comparing to a
tumor-only variant calling pipeline, the authors inferred that
98.7% of these CH alterations would have been called tumor-
associated somatic variants, highlighting how false assign-
ment of variants can occur when tumor-only sequencing is
used, and results are not critically evaluated. The detection
of CH may be due to the presence of infiltrating leukocytes
within the tumor specimens, contamination with whole blood
during the biopsy, and/or directly sequencing hematopoietic
cells in the case of hematologic malignancies and can further
confuse the results of tumor-based sequencing. 

Return to the case 

Armed with the knowledge presented above, you attempt to
determine the likelihood of the three different possible origins
for this TP53 (c.743G > A, p.R248Q) variant: germline, con-
taminating CLL cells, or CH. This particular variant has been
found in both germline and somatic settings, and therefore,
the allele itself cannot be used to differentiate between the
two [55,56] . The young age of presentation with breast cancer
and the presence of multiple malignancies in the same indi-
vidual are suggestive, but not pathognomonic, of a germline
variant. Further detailed family history was taken, revealing
that the patient’s mother had breast cancer at the age of 35
and passed away from AML in her 50 

′ s; a maternal uncle had
been diagnosed with a soft-tissue sarcoma at age 23, lending
further suspicion towards a germline origin to this variant and
away from contamination with CLL cells or CH as being the
culprit. To confirm if it was a germline variant, a skin biopsy
was taken from the patient, and DNA was extracted from cul-
tured skin fibroblasts. The same TP53 (c.743G > A, p.R248Q)
variant, at a VAF of 53%, was present, confirming its germline
origin and hence the diagnosis of LFS. Further evaluation of
the sequencing done on the patient’s Fallopian tube tumor
found that the high VAF was due to a loss of heterozygosity
event within the tumor. LFS results from pathogenic germline
TP53 mutations and confers high risk of developing cancer
from multiple different organ systems starting at a young age,
with 50% developing cancer by the age of 30 years [17,57] .
Upon your suggestion, the patient was referred for genetic
counselling. She opted to have her remaining breast tissue
removed, had her remaining fallopian tube and ovary excised,
and initiated enhanced colorectal cancer screening in addition
to close clinical follow-up. She notified her family members
and encouraged them to have their own testing and genetic
counselling. 

Conclusions 

Tumor or ‘somatic’ mutation NGS panels are commonly per-
formed with the goal of identifying driver mutations that pro-
vide insight into disease biology, prognosis, as well as un-
covering possible actionable variants that can be targeted
therapeutically. However, tumor-only sequencing not only re-
veals the somatic mutation profile of the tumor, but also any
germline variants that the patient may carry and/or the pres-
ence of clonal hematopoiesis due to contamination with blood
or leukocyte infiltration, and it can be difficult to distinguish
among these. Numerous studies, spanning both solid and
hematologic malignancies, have proven that these inciden-
tal or secondary findings are not rare events as once thought
and should not be ignored. Clinicians ordering these tests
must be aware of this possibility and be properly equipped
to interpret the results and appropriately council their pa-
tients. Rather than ‘somatic’ mutation panels, the name of
these panels should reflect their ability to identify tumor-
derived somatic mutations, germline variants, and even clonal
hematopoiesis. 
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