
Background: The promise of precision oncology can only be 
realized when genetic alterations are identified that can be lev-
eraged to improve response and minimize toxicity. Identifying 
those alterations requires the knowledge to order the right test 
and to interpret the results correctly. This primer is designed 
to help clinicians order the appropriate testing for patients with 
specific malignancies and to give them an informed approach 
to interpretation.
Observations: Germline DNA is usually acquired from periph-
eral blood, buccal swab, or saliva collection in patients with a 
metastatic malignancy and can provide treatment options oth-

erwise not available. However, germline testing does not indi-
cate alterations that arise solely in tumor tissue. Somatic testing 
may be performed on primary tumor, metastatic biopsy, or cir-
culating tumor DNA when the alteration is present at the time 
that the tumor developed and expected to be carried through 
the evolution of the tumor.
Conclusions: The rapid growth in technology and ability to en-
hance understanding of relevant tumor biology continues to im-
prove the therapeutic landscape for individuals dealing with 
malignancy as does our ability to find targetable genetic altera-
tions with the potential for meaningful clinical benefit.
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The ability to find and target specific bio-
markers in the DNA of advanced cancers 
is rapidly changing options and outcomes 

for patients with locally advanced and meta-
static solid tumors. This strategy is the basis for 
precision oncology, defined here as using pre-
dictive biomarkers from tumor and/or germline 
sequencing to guide therapies. This article fo-
cuses specifically on the use of DNA sequencing 
to find those biomarkers and provides guidance 
about which test is optimal in a specific situa-
tion, as well as interpretation of the results. We 
emphasize the identification of biomarkers that 
provide adult patients with advanced solid tu-
mors access to therapies that would not be an 
option had sequencing not been performed and 
that have the potential for significant clinical ben-
efit. The best approach is to have an expert team 
with experience in precision oncology to assist in 
the interpretation of results.

WHICH TEST?
Deciding what test of the array of assays avail-
able to use and which tissue to test can be over-
whelming, and uncertainty may prevent oncology 
practitioners from ordering germline or somatic 
sequencing. For the purposes of this article, 
we will focus on DNA sequencing for inherited/
germline alterations (including mutations, copy 
number changes, or fusions), which may inform 
treatment, or alterations that arise in the pro-
cess of carcinogenesis and tumor evolution (so-

matic alterations in tumor DNA). This focus is not 
meant to exclude any specific test but to focus 
on DNA-based tests in patients with locally ad-
vanced or metastatic malignancy.

Germline Testing
Germline testing is the sequencing of inherited 
DNA in noncancerous cells to find alterations 
that may play a role in the development of can-
cers and are actionable in some cases. Germline 
alterations can inform therapeutic decisions, pre-
dict future cancer risk, and provide information 
that can help family members to better manage 
their risks of malignancy. Detailed discussions 
of the importance of germline testing to inform 
cancer surveillance, risk-reducing interventions, 
and the testing of relatives to determine who car-
ries inherited alterations (cascade testing) is ex-
tremely important with several advantages and 
is covered in a number of excellent reviews else-
where.1-3 Testing of germline DNA in patients 
with a metastatic malignancy can provide treat-
ment options otherwise not available for patients, 
particularly for BRCA1/2 and Lynch syndrome– 
related cancers. Recent studies have shown that 
10 to 15% of patients with advanced malignan-
cies of many types have a pathogenic germline 
alteration.4,5 

Germline DNA is usually acquired from pe-
ripheral blood, a buccal swab, or saliva collection 
and is therefore readily available. This is advan-
tageous because it does not require a biopsy 
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to identify relevant alterations. Germline testing 
is also less susceptible to the rare situations in 
which artifacts occur in formalin-fixed tissues 
and obscure relevant alterations. 

The cost of germline testing varies, but 
most commercial vendor assays for germ-
line testing are significantly less expensive 
than the cost of somatic testing. The disad-
vantages include the inability of germline test-
ing to find any alterations that arise solely in 
tumor tissue and the smaller gene panels in-
cluded in germline testing as compared to so-
matic testing panels. Other considerations 
relate to the inherited nature of pathogenic 
germline variants and its implications for family 
members that may affect the patient’s psycho-
social health and potentially change the family  
dynamics.

Deciding who is appropriate for germline test-
ing and when to perform the testing should be 
individualized to the patient’s wishes and disease 
status. Treatment planning may be less compli-
cated if testing has been performed and germline 
status is known. In some cases urgent germ-
line testing is indicated to inform pending proce-
dures and/or surgical decisions for risk reduction, 
including more extensive tissue resection, such 
as the removal of additional organs or contra-
lateral tissue. A minor point regarding germline 
testing is that the DNA of patients with hemato-
logic malignancies may be difficult to sequence 
because of sample contamination by the circu-
lating malignancy. For this reason, most labora-
tories will not accept peripheral blood or saliva 
samples for germline testing in patients with ac-
tive hematologic malignancies; they often require 
DNA from another source such as fibroblasts 
from a skin biopsy or cells from a muscle biopsy. 
Germline testing is recommended for all patients 
with metastatic prostate cancer, as well as any 
patient with any stage of pancreatic cancer or 
ovarian cancer and patients with breast cancer 
diagnosed at age ≤ 45 years. More detailed cri-
teria for who is appropriate for germline testing 
outside of these groups can be found in the ap-
propriate National Comprehensive Cancer Net-
work (NCCN) guidelines.6-8 In patients with some 
malignancies such as prostate and pancreatic 
cancer, approximately half of patients who have 
a BRCA-related cancer developed that malig-
nancy because of a germline BRCA alteration.9-11 
Testing germline DNA is therefore an easy way 
to quickly find almost half of all targetable altera-
tions with a treatment approved by the US Food 

and Drug Administration (FDA) and at low cost, 
with the added benefit of providing critical in-
formation for families who may be unaware that 
members carry a relevant pathogenic germline 
alteration. In those families, cascade testing can 
provide surveillance and intervention strategies 
that can be lifesaving.

A related and particularly relevant question is 
when should a result found on a somatic test-
ing panel prompt follow-up germline testing? 
Some institutions have algorithms in place to 
automate referral for germline testing based on 
specific genetic criteria.12 Excellent reviews are 
available that outline the following consider-
ations in more detail.13 Typically, somatic test-
ing results that would trigger follow-up germline 
testing would be truncating or deleterious or 
likely deleterious mutations per germline data-
sets in high-risk genes associated with highly 
penetrant autosomal dominant conditions 
(BRCA1, BRCA2, PALB2, MLH1, MSH2, and 
MSH6), selected moderate-risk genes (BRIP1, 
RAD51C, and RAD51D), and specific variants 
with a high probability of being germline be-
cause they are common germline founder muta-
tions. Although the actionability and significance 
of specific genes remains a matter of some  
discussion, generally finding a somatic patho-
genic sequencing result included in the 59-gene 
list of the American College of Medical Genet-
ics and Genomics (ACMG) guidelines would be 
an indication for germline testing. Another indica-
tion for germline testing would be finding genes 
with germline mutations for which the NCCN has 
specific management guidelines, or the presence 
of alterations consistent with known founder mu-
tations.14 When a patient’s tumor has microsat-
ellite instability or is hypermutated (defined as  
> 10 mutations per megabase), a search for 
germline alterations is warranted given that 
about 15% of these patients with these tumors 
carry a Lynch syndrome gene.15 Genes that are 
commonly found as somatic alterations alone 
(eg, TP53 or APC) are generally not an indica-
tion for germline testing unless family history is  
compelling.

Although some clinicians use the variant al-
lele fraction in the somatic sequencing report 
to decide whether to conduct germline testing, 
this approach is suboptimal, as allele fraction 
may be confounded by assay conditions and a 
high allele fraction may be found in pure tumors 
with loss of heterozygosity (LOH) of the other al-
lele. There is also evidence that for a variety of  
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reasons, somatic sequencing panels do not al-
ways detect germline alterations in somatic 
tissues.16 Reasons for this may include dis-
cordance between the genes being tested 
in the germline vs the somatic panel, tech-
nical differences such as interference of for-
mal in-f ixed paraff in-embedded (FFPE) 
artifact with detecting the germline vari-
ant, lack of expertise in germline variant  
interpretation among laboratories doing tumor-
only sequencing, and, in rare cases, large dele-
tions in tumor tissue masking a germline point 
mutation.

Variant Interpretation of Germline Testing
A general understanding of the terminology used 
for germline variant interpretation allows for the 
ordering health care practitioner (HCP) to pro-
vide the best quality care and an appreciation 
for the limitations of current molecular testing. 
Not all variants are associated with disease; the 
clinical significance of a genetic variant falls on a 
spectrum. The criteria for determining pathoge-
nicity differ between molecular laboratories, but 
most are influenced by the standards and guide-
lines set forth by the ACMG.14 The clinical molec-
ular laboratory determines variant classification, 
and a detailed discussion is beyond the scope of 
this primer. In brief, variant classification is based 
on evidence of varying strength in different cate-
gories including population data, computational 
and predictive data, functional data, segregation 
data, de novo data, allelic data, and information 
from various databases. The ACMG has pro-
posed a 5-tiered classification system, by which 
most molecular laboratories adhere to in their ge-
netic test reports (Table 1).14

Pathogenic and likely pathogenic variants are 
clinically actionable, whereas variants of uncer-
tain significance (VUS) require additional data 
and/or functional studies before making clini-
cal decisions. Depending on the clinical con-
text and existing supporting evidence, it may be 
prudent to continue monitoring for worsening 
or new signs of disease in patients with one or 
more VUS while additional efforts are underway 
to understand the variant’s significance.

In some cases, variants are reclassified, which 
may alter the management and treatment of pa-
tients. Reclassification can occur with VUS, and 
in rare instances, can also occur with variants 
previously classified as pathogenic/likely patho-
genic or benign/likely benign. In such a case, the 
reporting laboratory will typically make concerted 
efforts to alert the ordering HCP. However, variant 
reclassifications are not always communicated 
to the care team. Thus, it is important to periodi-
cally contact the molecular laboratory of interest 
to obtain updated test interpretations.

Somatic Testing
Testing of somatic (tumor) tissue is critical and 
is the approach most commonly taken in medi-
cal oncology (Table 2). Somatic testing may be 
performed on primary tumor, metastatic biopsy, 
or circulating tumor DNA (ctDNA, also referred 
to as cell-free DNA [cfDNA]), with each having 
its own advantages and disadvantages. Primary 
tumor tissue is appropriate for testing when the 
alteration is generally truncal, that is, present at 
the time that the tumor developed and would 
be expected to be carried through the evolu-
tion of the tumor because of a critical role in car-
cinogenesis and maintenance of the malignant  

TABLE 1 American College of Medical Genetics and Genomics Classification of Variants14

Classifications Descriptions

Pathogenic This variant directly contributes to the development of disease. Some pathogenic variants may not be fully 
penetrant. In the case of recessive or X-linked conditions, a single pathogenic variant may not be sufficient to 
cause disease on its own. Additional evidence is not expected to alter the classification of this variant.

Likely pathogenic There is a high likelihood (> 90% certainty) that this variant is disease-causing. Additional evidence is  
expected to confirm this assertion of pathogenicity, but there is a small chance that new evidence may  
demonstrate that this variant does not have clinical significance.

Variant of uncertain significance There is not enough information currently to support a more definitive classification of this variant.

Likely benign This variant is not expected to have a major effect on disease; however, the scientific evidence is currently 
insufficient to prove this conclusively. Additional evidence is expected to confirm this assertion, but we cannot 
fully rule out the possibility that new evidence may demonstrate that this variant can contribute to disease.

Benign This variant does not cause disease.
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phenotype. Examples include BRCA1/2, and 
many tyrosine kinase mutations. Somatic testing 
at diagnosis is part of standard of care for many 
malignancies, including adenocarcinoma of the 
lung, colon cancer, melanoma, and others.17-19 
Testing for specific genes or comprehensive ge-
nomic profiling will depend on the tumor histol-
ogy, stage, and payer coverage.

The advantages of primary tumor are that it 
is usually in hand as a diagnostic biopsy, acqui-
sition is standard of care, and several targetable 
alterations are truncal, defined as driver muta-
tions present at the time of tumor development. 
Also, the potential that the tumor arose in the 
background of a predisposing germline altera-
tion can be suggested by sequencing primary 
tumor as discussed above. Moreover, sequenc-

ing the primary tumor can be done at any time 
unless the biopsy sample is considered too 
old or degraded (per specific platform require-
ments). The information gained can be used to 
anticipate additional treatment options that are 
relevant when patients experience disease pro-
gression. Disadvantages include the problem 
that primary specimens may be old or have lim-
ited tumor content, both of which increase the 
likelihood that sequencing will not be technically 
successful.

Alterations that are targetable and arise as 
a result of either treatment pressure or clonal 
evolution are considered evolutionary. If evo-
lutionary alterations are the main focus for se-
quencing, then metastasis biopsy or ctDNA 
are better choices. The advantages of a  

TABLE 2 Frequently Performed Somatic Assays for FDA-Approved Indications

Tumor Types Genetic Alterations

Breast BRCA1, BRCA2, ERBB2 (HER2), PIK3CA, PALB2, ATM, BARD1, CHEK2, PTEN, TP53, CDH1, STK11

Non–small cell lung ALK, EGFR, ERBB2, KRAS, ROS1, KRAS, MET, RET

Glioma H3K27M(H3F3A, HIST1H3B), BRAF, TERT, ATRX, IDH, MGMT

Melanoma BRAF, NRAS, KRAS, KIT

Colon KRAS, NRAS, BRAF, MSI, MAP2K1MAP2K1MAP2K1ALK, ROS1

Esophageal ERBB2 (HER2), BLM, RECQL3, RHBDF2

Cholangiocarcinoma FGFR2 fusions/rearrangements

Gastric ERBB2 (HER2), CDH1, EPCAM

Renal cell EGFR, RET, KIT, FLT3, PDGFR, VEGFR, MET, AXL, VHL 

Neuroendocrine MEN1, RET 

Ovarian ATM, BRCA1/2, BRIP1, PALB2, RAD51C, RAD51D, STK11, EPCAM

Pancreatic ALK, NRG1, NTRK, BRAF, BRCA1/2, HER2, PALB2, KRAS, TP53, CDKN2A, SMAD4

Prostate BRCA1/2, ATM, PALB2, RAD51D, CHEK2

Rectal HER2, RAS, BRAF, NRAS, KRAS

Skin (squamous) EGFR 

Thyroid RET, 1MEN11, BRAF 

Uterine ERBB2 (HER2), ARID1A (emerging)

Ovarian BRCA1/2, RAD51C, BRIP1, RAD51D, KRAS, BRAF, NRAS, PIK3CA, ARID1A (emerging), LOH 

Tissue agnostic NTRK1/2/3, MLH1, MSH2, MSH6, PMS2, MSI-H, hypermutated

Abbreviations: FDA, US Food and Drug Administration; LOH, loss of heterozygosity; MSI, microsatellite instability; MSI-H, microsatellite instability high.
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metastasis biopsy are that tissue is contempo-
rary, tumor content may be higher than in pri-
mary tumor, and both truncal and evolutionary 
alterations can be detected.

For specific tumors, continued analysis of 
evolving genomic alterations can play a criti-
cal role in management. In non–small cell lung 
cancer (NSCLC), somatic testing is conducted 
again at progression on repeat biopsies to eval-
uate for emerging resistance mutations. In epi-
dermal growth factor receptor (EGFR)–mutated 
lung cancer, the resistance mutation, exon 20 
p.T790M (point mutation), can present in pa-
tients after treatment with first- or second- 
generation EGFR tyrosine kinase inhibitors 
(TKI). Even in patients who are treated with 
the third-generation EGFR TKI osimertinib that 
can treat T790M-mutated lung cancer, multiple 
possible evolutionary mutations can occur at 
progression, including other EGFR mutations, 
MET/HER2 amplification, and BRAF V600E, to 
name a few.20 Resistance mechanisms develop 
due to treatment selection pressure and the 
molecular heterogeneity seen in lung cancer.

Disadvantages for metastatic biopsy include 
the inability to safely access a metastatic site, 
the time considerations for preauthorization 
and arrangement of biopsy, and a lower-than-
average likelihood of successful sequencing 
from sites such as bone.21,22 In addition, there is 
some concern that a single metastatic site may 
not capture all relevant alterations for multiple 
reasons, including tumor heterogeneity.

Significant advances in the past decade have 
dramatically improved the ability to use ctDNA to 
guide therapy. Advantages include ease of ac-
quisition as acquiring a sample requires only a 
blood draw, and the potential that the pool of 
ctDNA is a better reflection of the relevant biol-
ogy as it potentially reflects all metastatic tissues. 

Disadvantages are that sequencing attempts 
may not be productive if the sample is acquired 
at a time when the tumor is either quiescent or 
tumor burden is so low that only limited amounts 
of DNA are being shed. Performing ctDNA analy-
sis when a tumor is not progressing is less likely 
to be productive for a number of tumor types.23,24 
Sequencing ctDNA is also more susceptible than 
sequencing tumor biopsies to detection of alter-
ations that are not from the tumor of interest but 
from clonal hematopoiesis of indeterminate po-
tential (CHIP) or other clonal hematopoietic disor-
ders (see Confounders section below).

SELECTING THE TISSUE
Deciding on the tissue to analyze is a critical part 
of the decision process (Table 3). If the primary 
tumor tissue is old the likelihood of productive 
sequencing is lower, although age alone is not 
the only consideration and the methods of fixa-
tion may be just as relevant.

For prostate cancer in particular, the ability 
to successfully sequence primary tumor tissue 
decreases as the amount of tumor decreases 
in low-volume biopsies such as prostate nee-
dle biopsies. Generally, if tumor content is  
< 10% of the biopsy specimen, then sequenc-
ing is less likely to be productive.25 Also, if the 
alteration of interest is not known to be trun-
cal, then a relevant target might be missed by 
sequencing tissue that does not reflect current 
biology. Metastasis biopsy may be the most ap-
propriate tissue, particularly if this specimen has 
already been acquired. As above, a metastasis 
biopsy may have a higher tumor content, and it 
should reflect relevant biology if it is recent. How-
ever, bone biopsies have a relatively low yield for 
successful sequencing, so a soft tissue lesion 
(eg, liver or lymph node metastasis) is generally  
preferred. 

TABLE 3 Potential Tissues for Somatic and/or Germline Sequencing
Sequencing Sample Timing Advantages Disadvantages

Germline  Blood, saliva Any time Availability, cost,  
implications for family

Will not detect purely somatic alterations

Somatic Primary tumor Any time Availability Old samples, low tumor content, only  
relevant for truncal mutations

Somatic Metastasis  
biopsy

Any time Captures truncal and evolutionary 
alterations, high tumor content

Complexity of acquisition

Somatic ctDNA Progression or  
high tumor burden

Availability, reflects  
tumor heterogeneity

Low sensitivity in the absence of  
progression, CHIP interference

Abbreviations: CHIP, clonal hematopoiesis of indeterminate potential; ctDNA, circulating tumor DNA.
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The inability to safely access tissue is often a 
consideration. Proximity to vital structures such 
as large blood vessels or the potential for signifi-
cant morbidity in the event of a complication (liver 
or lung biopsies, particularly in patients on antico-
agulation medications) may make the risk/bene-
fit ratio too high. The inability to conduct somatic 
testing has been reported to often be due to inad-
equate tissue sampling.26 ctDNA is an attractive 
alternative but should typically be drawn when 
a tumor is progressing with a reasonable tumor 
burden that is more likely to be shedding DNA. 
Performing ctDNA analysis in patients without 
obvious radiographic metastasis or in patients 
whose tumor is under good control is unlikely to 
produce interpretable results.

INTERPRETING THE RESULTS
The intent of sequencing tumor tissue is to iden-
tify alterations that are biologically important and 
may provide a point of therapeutic leverage. 
However, deciding which alterations are rele-
vant is not always straightforward. For example, 
any normal individual genome contains around 
10,000 missense variants, hundreds of inser-
tion/deletion variants, and dozens of protein- 
truncating variants. Distinguishing these alter-
ations, which are part of the individual, from 
those that are tumor-specific and have func-
tional significance can be difficult in the absence 
of paired sequencing of both normal and tissue 
samples.

Specific Alterations  
Although most commercial vendors provide im-
portant information in sequencing reports to as-
sist oncology HCPs in deciding which alterations 
are relevant, the reports are not always clear. 
In many cases the report will specifically indi-
cate whether the alteration has been reported 
previously as pathogenic or benign. However, 
some platforms will report alterations that are not 
known to be drivers of tumor biology. It is criti-
cal to be aware that if variants are not reported 
as pathogenic, they should not be assumed to 
be pathogenic simply because they are included 
in the report. Alterations more likely to be drivers 
of relevant biology are those that change gene 
and protein structure and include frameshift (fs*), 
nonsense (denoted by sequence ending in “X” 
or “*”), or specific fusions or insertions/deletions 
(indel) that occur in important domains of the 
gene.

For some genes, only specific alterations are 

targetable and not all alterations have the same 
effect on protein function. Although overexpres-
sion of certain genes and proteins are action-
able (eg, HER2), amplification of a gene does 
not necessarily indicate that it is targetable. In 
NSCLC, specific alterations convey sensitivity 
to targeted therapies. For example, in EGFR- 
mutated NSCLC, the sensitizing mutations to 
EGFR TKIs are exon19 deletions and exon 21 
L858R point mutations (the most common mu-
tations), as well as less common mutations 
found in exon 18-21. Exon 20 mutations, how-
ever, are not responsive to EGFR TKIs with a 
few exceptions.27 Patients who have tumors 
that do not harbor a sensitizing EGFR muta-
tion should not be treated with an EGFR TKI. 
In a variety of solid tumors, gene fusions of the 
NTRK 1/2/3, act as oncogenic drivers. The chro-
mosomal fusion events involving the carboxy-
terminal kinase domain of TRK and upstream 
amino-terminal partners lead to overexpression 
of the chimeric proteins tropomyosin receptor 
kinase (TRK) A/B/C, resulting in constitutively 
active, ligand-independent downstream signal-
ing. In patients with NTRK 1/2/3 gene fusions, 
larotrectinib and entrectinib, small molecule in-
hibitors to TRK, have shown antitumor activ-
ity.28,29 No alterations beyond these fusions are 
known to be targetable.

Allele Fraction
Knowing the fraction (or proportion) of the al-
teration of interest in the sequenced tissue rel-
ative to the estimated tumor content can assist 
in decision making. Not all platforms will pro-
vide this information, which is referred to as 
mutation allele fraction (MAF) or variant allele 
fraction (VAF), but sometimes will provide it on 
request. Platforms will usually provide an esti-
mate of the percent tumor in the tissue being 
sampled if it is from a biopsy. If the MAF is 
around 50% in the sequenced tissue (includ-
ing ctDNA), then there is a reasonable chance 
that it is a germline variant. However, there are 
nuances as germline alterations in some genes, 
such as BRCA1/2, can be accompanied by 
loss of the other allele of the gene (LOH). In 
that case, if most of the circulating DNA is from 
tumor, then the MAF can be > 50%.

If there are 2 alterations of the same gene with 
MAF percentages that are each half of the total 
percent tumor, there is a high likelihood of bial-
lelic alteration. These sorts of paired alterations 
or one mutation with apparent LOH or copy loss 
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would again indicate a high likelihood that the 
alteration is in fact pathogenic and a relevant 
driver. Not all pathogenic alterations have to be 
biallelic to be driver mutations but in BRCA1/2, 
or mismatch repair deficiency genes, the pres-
ence of biallelic alterations increases the likeli-
hood of their being pathogenic. 

Tumors that are hypermutated—containing 
sometimes hundreds of mutations per mega-
byte of DNA—can be particularly complicated to 
interpret, because the likelihood increases that 
many of the alterations are a function of the hy-
permutation and not a driver mutation. This is 
particularly important when there are concurrent 
mutations in mismatch repair genes and genes, 
such as BRCA1/2. If the tumor is microsatel-
lite instability high or hypermutated, concurrent 
BRCA1/2 alterations are often passengers as the 
tumors rarely have coexisting “signatures” sug-
gesting that they have a true deficiency in ho-
mologous recombination.30 Large genes such 
as BRCA1/2 have microsatellite tracts that are 
prone to frameshift mutations as a result of mi-
crosatellite instability, and such mutations in this 
context are typically subclonal and not drivers. 
In hypermutated tumors, the likelihood is signifi-
cantly decreased that any of the mutations other 
than mismatch repair deficiency or polymerase 
genes are targetable drivers.

Confounders
In some situations, interpretation can be par-
ticularly challenging. For example, several al-
terations for which there are FDA on-label 
indications (such as ATM or BRCA2) can be 
detected in ctDNA that may not be due to the 
tumor but to CHIP. CHIP represents hemato-
poietic clones that are dysplastic as a result of 
exposure to DNA-damaging agents (eg, plati-
num chemotherapy) or as a result of aging and 
arise when mutations in hematopoietic stem 
cells provide a competitive advantage.31 The 
most common CHIP clones that can be de-
tected are DNMT3A, ASXL1, or TET2; because 
these alterations are not targetable, their impor-
tance lies primarily in whether patients have ev-
idence of hematologic abnormality, which might 
represent an evolving hematopoietic disorder. 
Because CHIP alterations can overlap with so-
matic alterations for which FDA-approved drugs 
exist, such as ATM or CHEK2 (olaparib for pros-
tate cancer) and BRCA2 (poly-ADP-ribose poly-
merase inhibitors in a range of indications) there 
is concern that CHIP might result in patient harm 

from inappropriate treatment of CHIP rather 
than the tumor, with no likelihood that the treat-
ment would affect the tumor, causing treatment 
delays.32 General considerations for deciding 
whether an alteration represents CHIP include 
excluding alteration in which the VAF is < 1% 
and when the VAF in the alteration of interest 
is < 20% of the estimated tumor fraction in the 
sample. Exceptions to this are found in patients 
with true myelodysplasia or chronic lympho-
cytic leukemia, in whom the VAF can be well 
over 50% because of circulating tumor burden. 
The only way to be certain that an alteration de-
tected on ctDNA reflects tumor rather than CHIP 
is to utilize an assay with matched tumor-normal 
sequencing.

RESOURCES FOR ASSISTANCE
For oncology HCPs, perhaps the best resource 
to help in selecting and interpreting the appropri-
ate testing is through a dedicated molecular on-
cology tumor board and subject matter experts 
who contribute to those tumor boards. In the US 
Department of Veterans Affairs, the national pre-
cision oncology program and its affiliated clinical 
services, such as the option to order a national 
consultation and molecular tumor board edu-
cation, are easily accessible to all HCPs (www 
.cancer.va.gov). Many commercial vendors pro-
vide support to assist with questions of inter-
pretation and to inform clinical decision-making. 
Other resources that can assist with deciding 
whether an alteration is pathogenic include ex-
tensive curated databases such as ClinVar (www 
.ncbi.nlm.nih.gov/clinvar) and the Human Ge-
netic Mutation Database (www.hgmd.cf.ac.uk 
/ac/index.php) for germline alterations or COS-
MIC (cancer.sanger.ac.uk/cosmic) for somatic 
alterations. OncoKB (www.oncokb.org) is a re-
source for assistance in defining levels of evi-
dence for the use of agents to target specific 
alterations and to assist in assigning pathogenic-
ity to specific alterations. Additional educational 
resources for training in genomics and genetics 
are also included in the Appendix.

The rapid growth in technology and ability to 
enhance understanding of relevant tumor biology 
continues to improve the therapeutic landscape 
for men and women dealing with malignancy and 
our ability to find targetable genetic alterations 
with the potential for meaningful clinical benefit.
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