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Abstract
Recent advances in molecular diagnostics have led to the characteriza-
tion of an increasing number of actionable genomic alterations and im-
mune-based signatures, which have facilitated the development of many 
highly effective cancer therapies. In addition to their prognostic value, 
some of these biomarkers have been shown to have predictive value 
and have had a significant impact on clinical decision-making. The pres-
ence of these therapeutic targets can thus aid health-care professionals 
to select the optimal therapies and avoid use of ineffective, potentially 
toxic ones. Earlier agents were generally approved for only one or a lim-
ited number of malignancies and/or stages, but more recent approvals 
encompass multiple tumor types that bear a common molecular altera-
tion regardless of tumor type (i.e., tumor-agnostic indications). The ex-
panding use of tumor-agnostic biomarkers has the potential to greatly 
broaden the use of these therapies to a wider patient population. Yet the 
rapidly increasing number of tumor-specific and tumor-agnostic bio-
markers, and the continually changing treatment guidelines regarding 
the use of targeted agents and associated testing requirements, present 
challenges for advanced practitioners to remain current on these topics 
and their ability to apply these advances to clinical care. Here, we review 
predictive oncology biomarkers currently in use and their role in clini-
cal decision-making, including those specified in product prescribing 
information and clinical practice guidelines. Current clinical guidelines 
regarding recommended targeted therapies for selected malignancies, 
and when molecular testing should be performed, are discussed. 

The discovery of molecular 
profiles unique to differ-
ent types of malignancies 
has greatly improved the 

treatment of cancer. The identifica-
tion of biomarkers based on onco-
genic driver mutations has led to 
advancements in diagnosing cancer, 

predicting response to treatment, 
and informing prognosis. The char-
acterization of such biomarkers and 
molecular profiles has brought about 
an era of targeted therapeutic oncol-
ogy drug development and preci-
sion medicine. Biomarkers may be 
diagnostic, prognostic, predictive, J Adv Pract Oncol 2023;14(Suppl 1):15–37
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used for monitoring patients, assessing response 
or susceptibility and risk, and determining drug 
safety (FDA-NIH Biomarker Working Group, 
2016). Given the many advancements in biomark-
ers and the variability in their therapeutic use, it 
is important for advanced practitioners to under-
stand the methods used in biomarker assessment 
and the context for selecting drug therapy in the 
presence of a given biomarker. Herein, we review 
common methods and technologies used in the 
assessment of biomarkers and discuss the cur-
rent state of biomarker-driven treatments used in 
the management of solid tumors and hematologic 
malignancies. Common molecular alterations and 
corresponding biomarker-driven cancer therapies 
approved by the US Food and Drug Administra-
tion (FDA) are listed in Table 1.

METHODS AND TECHNOLOGIES IN 
BIOMARKER ASSESSMENT
Biomarker testing in cancer patients involves 
analyzing DNA, RNA, or proteins obtained by di-
rectly sampling the tumor or circulating cell-free 
tumor DNA (ctDNA) found in the blood. Follow-
ing sample collection, the necessary technology 
and methods must be used to identify the specific 
biomarker. Several different technologies exist for 
the detection of biomarkers in cancer, each with 
their own advantages and disadvantages.

Polymerase chain reaction (PCR) is a laboratory 
technique used to amplify and detect specific se-
quences of either DNA or RNA (Sokolenko & Imya-
nitov, 2018; Ulivi, 2020). Polymerase chain reaction 
testing has the advantages of being highly specific 
and sensitive, simple to perform, and easy to repro-
duce. Polymerase chain reaction testing is also rela-
tively inexpensive and only requires a small amount 
of biological sample. One example of utilizing PCR 
is in determining the presence of the BCR-ABL 
translocation, i.e., the Philadelphia chromosome, 
in patients with chronic myeloid leukemia (CML). 
One disadvantage of PCR is that it is only capable of 
testing for specific predetermined mutations. 

Fluorescence in situ hybridization (FISH) can 
detect specific sequences of DNA or RNA in tissue 
samples by utilizing labeled nucleic acid probes. 
Fluorescence in situ hybridization testing can de-
tect gene amplifications, deletions, fusions, and 
translocations (Ulivi, 2020). While FISH testing 

can be reliable and easy to perform, it detects DNA 
rearrangements and cannot identify sequence mu-
tations. FISH testing is often used when HER2 
amplification is equivocal on initial testing in 
breast cancer since FISH can distinguish between 
HER2-amplified vs. HER2-low status.

Immunohistochemistry (IHC) assesses 
changes in the amount or expression of specific 
proteins in tissue samples (El-Deiry et al., 2019). 
Immunohistochemistry uses antibodies to detect 
cancer-related proteins, such as tumor-specif-
ic antigens, oncogenic proteins involved in cell 
growth, or markers of cellular proliferation. Im-
munohistochemistry has the advantage of being 
able to provide information on where the protein 
is expressed within the context of the tumor tis-
sue sample. However, this test requires unique 
antibodies for each of the target proteins of inter-
est, so not all desired targets or antigens may be 
identifiable. Immunohistochemistry is sometimes 
utilized for the diagnosis of cancer of unknown 
primary, where the presence or absence of unique 
markers can help identify the primary tumor site.

Next-generation sequencing (NGS) is a high-
throughput technique for biomarker detection 
and is often used more frequently than the afore-
mentioned methods (El-Deiry et al., 2019). Next-
generation sequencing rapidly examines the ge-
nome to assess for changes in DNA, gene fusions, 
and variations in gene copy number. This method-
ology has the ability to simultaneously detect mul-
tiple gene alterations, either in a limited capacity 
or across an entire genome, making it an alterna-
tive to testing methods that assess only a single 
gene or that use platforms designed to look for 
specific mutations. While NGS can offer signifi-
cant flexibility and can be more comprehensive 
than other biomarker testing methods, there can 
be differences in results between the various NGS 
platforms available. Bioinformatic analysis is also 
needed to interpret the data derived from some 
NGS techniques. Some NGS testing involves the 
evaluation of hundreds of genes, looking for doz-
ens to hundreds of alterations within single genes. 
Since manual analysis of that much data is simply 
not possible, bioinformatics (the use of computer 
systems to assist in analysis) is essential. Next-
generation sequencing enables testing of a high 
number of genes in a reasonable time frame, and it 
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Table 1. Molecular Alterations and Corresponding Biomarker-Driven FDA-Approved Cancer Therapiesa

Malignancy Drug (trade name) Biomarker Biomarker alteration(s)

Acute myelogenous 
leukemia

Midostaurin (Rydapt) FLT3 ITD mutations and TKD mutations D835  
and I836

Gilterinib (Xospata) FLT3 ITD mutations and TKD mutations D835  
and I836

Enasidenib (Idhifa) IDH2 R140Q, R140L, R140G, R140W, R172K, R172M, 
R172G, R172S, and R172W

Ivosidenib (Tibsovo) IDH1 R132 mutations (R132C, R132H, R132G, R132S, 
and R132L)

Olutasidenib (Rezlidhia) IDH1 R132 mutations (R132C, R132H, R132G, R132S, 
and R132L)

Breast cancer Olaparib (Lynparza) BRCA1/2 Mutations

 Talazoparib (Talzenna) BRCA1/2 Mutations

 Ado-trastuzumab 
emtansine (Kadcyla)

HER2 HER2 amplification or  
HER-2 protein overexpression

 Trastuzumab (Herceptin) HER2 HER2 amplification or  
HER-2 protein overexpression

 Pertuzumab (Perjeta) HER2 HER2 amplification or  
HER-2 protein overexpression

 Fam-trastuzumab 
deruxtecan-nxki (Enhertu)

HER2 HER2 protein overexpression

 Abemaciclib (Verzenio) Ki-67 Ki-67 protein expression

 Alpelisib (Piqray) PIK3CA C420R, E542K, E545A, E545D [1635G>T 
only], E545G, E545K, Q546E, Q546R, H1047L, 
H1047R, and H1047Y

Breast cancer,  
triple-negative (TNBC)

Pembrolizumab (Keytruda) PD-L1 PD-L1 protein expression

Cervical cancer Pembrolizumab (Keytruda) PD-L1 PD-L1 protein expression

Cholangiocarcinoma Pemigatinib (Pemazyre) FGFR2 FGFR2 fusions/rearrangements

 Infigratinib (Truseltiq) FGFR2 FGFR2 fusions/rearrangements

 Ivosidenib (Tibsovo) IDH1 Single nucleotide variants

Colorectal Cetuximab (Erbitux) KRAS EGFR protein expression
Mutations in codons 12 and 13 of KRAS gene

 Panitumumab (Vectibix) KRAS and 
NRAS

EGFR protein expression
KRAS wild-type (absence of mutations 
in exons 2, 3, and 4) and NRAS wild type 
(absence of mutations in exons 2, 3, and 4)

Endometrial carcinoma Dostarlimab-gxly 
(Jemperli)

dMMR
proteins

MLH1, PMS2, MSH2, and MSH6

 Pembrolizumab (Keytruda) 
in combination with 
lenvatinib (Lenvima)

dMMR
proteins

MLH1, PMS2, MSH2, and MSH6

Note. dMMR = mismatch repair deficient; MSI-H = microsatellite instability-high; TMB-H = tumor mutational burden-
high. PD-L1 = programmed cell death ligand 1; FDA = US Food and Drug Administration; HRD = homologous 
recombination deficiency; HRR = homologous recombination-related; IC = immune cells; Mb = megabase;  
MET = mesenchymal-epithelial transition; TC = tumor cells. Adapted from FDA (2023). 
aUpdated January 4, 2023.
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Table 1. Molecular Alterations and Corresponding Biomarker-driven FDA-Approved Cancer Therapiesa (cont.)

Malignancy Drug (trade name) Biomarker Biomarker alteration(s)

Epithelial ovarian cancer, 
fallopian tube cancer, or 
primary peritoneal cancer

Mirvetuximab 
soravtansine-gynx 
(Elahere)

FOLR1 FOLR1 protein expression

Esophageal squamous  
cell carcinoma (ESCC)

Pembrolizumab (Keytruda) PD-L1 PD-L1 protein expression

Follicular lymphoma Tazemetostat (Tazverik) EZH2 Y646N, Y646F or Y646X (Y646H, Y646S, or 
Y646C), A682G, and A692V

Gastric and 
gastroesophageal cancer

Trastuzumab (Herceptin) HER2 HER-2 protein overexpression

Gastrointestinal stromal 
tumors (GIST)

Imatinib mesylate 
(Gleevec)

C-Kit C-Kit protein expression in CD117  
antigen-expressing cells

Melanoma Trametinib (Mekinist) BRAF V600E and V600K

 Vemurafenib (Zelboraf) BRAF V600E

 Cobimetinib (Cotellic) 
in combination with 
vemurafenib (Zelboraf)

BRAF V600E or V600K

 Atezolizumab (Tecentriq) 
in combination with 
cobimetinib (Cotellic) and 
vemurafenib (Zelboraf)

BRAF BRAF V600 mutations

 Encorafenib (Braftovi) 
in combination with 
binimetinib (Mektovi)

BRAF V600E or V600K

Melanoma, uveal Tebentafusp-tebn 
(Kimmtrak)

HLA HLA-A

Myelodysplastic syndrome/ 
myeloproliferative disease 
(MDS/MPD)

Imatinib mesylate 
(Gleevec)

PDGFRB PDGFRB gene rearrangement at 5q31~33

Non–small cell lung cancer Brigatinib (Alunbrig) ALK ALK gene rearrangements

 Alectinib (Alecensa) ALK ALK protein expression
ALK rearrangements

 Crizotinib (Xalkori) ALK ALK protein expression
ALK rearrangements

 Ceritinib (Zykadia) ALK ALK protein expression
ALK rearrangements

 Lorlatinib (Lorbrena) ALK ALK protein expression

 Olaparib (Lynparza) BRCA1/2 Mutations

 Dabrafenib (Tafinlar) 
in combination with 
trametinib (Mekinist)

BRAF V600E

 Afatinib (Gilotrif) EGFR Exon 19 deletion or exon 21 L858R substitution 
mutation; L861, 719X, and S7681 mutations

 Erlotinib (Tarceva) EGFR Exon 19 deletion or exon 21 L858R substitution 
mutation

 Gefitinib (Iressa) EGFR Exon 19 deletion or exon 21 L858R substitution 
mutation

 Osimertinib (Tagrisso) EGFR Exon 19 deletion or exon 21 L858R substitution 
mutation; T790M mutation

 Amivantamab (Rybrevant) EGFR EGFR exon 20 insertions
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Table 1. Molecular Alterations and Corresponding Biomarker-driven FDA-Approved Cancer Therapiesa (cont.)

Malignancy Drug (trade name) Biomarker Biomarker alteration(s)

Non–small cell lung cancer 
(cont.)

Dacomitinib (Vizimpro) EGFR Exon 19 deletion or exon 21 L858R substitution 
mutation

Fam-trastuzumab 
deruxtecan-nxki (Enhertu)

HER2 Activating mutations  
(SNVs and exon 20 insertions)

 Adagrasib (Krazati) KRAS KRAS G12C

Sotorasib (Lumakras) KRAS G12C

 Capmatinib (Tabrecta) MET Mutation that leads to MET exon 14 skipping

 Nivolumab (Opdivo) 
in combination with 
ipilimumab (Yervoy)

PD-L1 PD-L1 protein expression (TC staining ≥ 1%)

 Atezolizumab (Tecentriq) PD-L1 PD-L1 protein expression (TC ≥ 50%) or  
PD-L1–stained tumor-infiltrating IC ≥ 10%

 Entrectinib (Rozlytrek) ROS1 ROS1 fusions

Ovarian cancer Rucaparib (Rubraca) BRCA1/2 Mutations

 Niraparib (Zejula) BRCA1/2 Deleterious or suspected deleterious 
mutations in BRCA1/2 genes and/or positive 
Genomic Instability Score

 Olaparib (Lynparza) HRD Deleterious or suspected deleterious 
mutations in BRCA1/2 genes and/or positive 
Genomic Instability Score

Pancreatic cancer Olaparib (Lynparza) BRCA1/2 Mutations

Prostate cancer, metastatic 
castration resistant
 

Rucaparib (Rubraca) BRCA1/2 BRCA1/2 alterations

Olaparib (Lynparza) HRR 
genes

BRCA1, BRCA2, ATM, BARD1, BRIP1, CDK12, 
CHEK1, CHEK2, FANCL, PALB2, RAD51B, 
RAD51C, RAD51D, and RAD54L alterations

Solid tumors Dostarlimab-gxly 
(Jemperli)

dMMR 
proteins

MLH1, PMS2, MSH2, and MSH6

 Pembrolizumab (Keytruda) dMMR 
proteins

MLH1, PMS2, MSH2, and MSH6

 Entrectinib (Rozlytrek) NTRK1, 
NTRK2 
and 
NTRK3

NTRK1, NTRK2, and NTRK3 fusions

 Pembrolizumab (Keytruda) MSI-high Microsatellite instability-high

 Pembrolizumab (Keytruda) TMB TMB ≥ 10 mutations per Mb

Thyroid cancer Selpercatinib (Retevmo) RET RET fusions

Medullary thyroid cancer Selpercatinib (Retevmo) RET RET mutations (SNVs, MNVs, and deletions)

Urothelial cancer Erdafitinib (Balversa) FGFR3 Exon 7: R248C (c.742C>T), S249C (c.746C>G); 
exon 10: G370C (c.1108G>T) and Y373C
(c.1118A>G); and fusions (FGFR3-TACC3v1 and 
FGFR3-TACC3v3)

 Atezolizumab (Tecentriq) PD-L1 PD-L1 protein expression (PD-L1–stained 
tumor-infiltrating IC ≥ 5% of tumor area)

Note. dMMR = mismatch repair deficient; MSI-H = microsatellite instability-high; TMB-H = tumor mutational burden-
high. PD-L1 = programmed cell death ligand 1; FDA = US Food and Drug Administration; HRD = homologous 
recombination deficiency; HRR = homologous recombination-related; IC = immune cells; Mb = megabase;  
MET = mesenchymal-epithelial transition; TC = tumor cells. Adapted from FDA (2023). 
aUpdated January 4, 2023.
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can detect some alterations that cannot be identi-
fied by other available testing methodologies.

Ideally, genetic and genomic results should 
be easily accessible within the electronic medi-
cal record (EMR). The best systems would readily 
tell us if and when testing had occurred and what 
testing was completed. Unfortunately, the EMR 
can serve as a hindrance when trying to find older 
testing results. The best systems would allow for 
results to be searchable. On a large scale, when a 
new targeted agent becomes approved, a search 
engine should be available to identify patients 
who previously tested positive for the target. As 
testing technology improves, the way clinicians 
house these data also needs to grow. 

BIOMARKERS IN SOLID TUMORS
Non–Small Cell Lung Cancer
Approximately 20 years ago, lung cancer was clas-
sified as simply either small cell or non–small cell, 
which were treated with platinum and etoposide 
or platinum and taxane chemotherapy, respec-
tively. In the ensuing two decades, the importance 
of histology emerged, immunotherapy revolution-
ized lung cancer treatment, and the clinical inte-
gration of biomarkers made the treatment of some 
lung cancers more precise. 

The first mention of biomarker-driven ther-
apy within treatment guidelines is for stage IB, 
R0 non–small cell lung cancer (NSCLC; NCCN, 
2022a). Stage IB to IIIA, R0 disease can be treat-
ed adjuvantly with chemotherapy followed by 
osimertinib (Tagrisso) in patients with EGFR exon 
19 deletion or exon 20 L858R mutations (Astra-
Zeneca, 2015). If a patient with stage IIA to IIIA 
NSCLC has neither of these mutations, atezoli-
zumab (Tecentriq) can be used so long as PD-L1 
expression is 1% or greater (Genentech, 2016). 

For those with stage IV disease, biomarker 
testing should be performed following clinical as-
sessment and prior to initiation of treatment. What 
should be included in testing? For both nonsqua-
mous and squamous NSCLC, at least the following 
should be tested: mutations in EGFR, ALK, KRAS, 
ROS1, BRAF, NTRK1/2/3, METex14 skipping, 
RET, and ERBB2 (i.e., HER2), as well as PD-L1 
expression. All of these, even the rarer mutations 
and emerging biomarkers, should be included as 
part of broad molecular profiling (NCCN, 2022a). 

EGFR biomarkers can be further subdivided 
into the following mutations: exon 19 deletion and 
21 L858R, as previously noted for earlier-stage 
disease. Many targeted agents can be utilized for 
such patients (seven at the time of this writing). 
Currently, osimertinib is preferred in the first-
line setting. If another medication had been used 
previously (e.g., erlotinib [Tarceva], afatinib [Gil-
otrif ], gefitinib [Iressa], dacomitinib [Vizimpro]), 
the patient can further be tested for the EGFR 
T790M mutation (an EGFR resistance mutation) 
upon progression. If positive for this mutation, 
osimertinib can be used in the second-line setting 
or for subsequent lines of therapy. Other EGFR 
mutations that can be seen include S769I, L861Q, 
and G719X. Osimertinib can be used, but afatinib 
is also a preferred drug in the first-line setting 
(Boehringer Ingelheim Pharmaceuticals, 2013). 
The presence of these alterations would be evalu-
ated as part of comprehensive testing of EGFR 
mutations via NGS.

Currently, not all biomarkers dictate the use 
of targeted agents for first-line therapy, although 
research is ongoing. For EGFR exon 20 inser-
tion mutation, standard-of-care systemic therapy 
for adenocarcinoma or squamous cell carcinoma 
should be employed in the first-line setting, while 
amivantamab-vmjw (Rybrevant) or mobocertinib 
(Exkivity) can be used as second-line therapy. An-
other biomarker that directs second-line therapy 
is KRAS G12C, where sotorasib (Lumakras) or 
adagrasib (Krazati) can be used in the second-
line setting. At present, the recommendation is to 
not switch to the alternate KRAS inhibitor upon 
progression since these inhibitors have a similar 
mechanism of action (NCCN, 2022a). HER2-di-
rected therapies such as fam-trastuzumab derux-
tecan-nxki (Enhertu) or ado-trastuzumab em-
tansine (Kadcyla) can also be used after standard 
first-line therapy in metastatic HER2-mutated 
NSCLC (Genentech, 2013).

As stated earlier, despite the rarity of some mu-
tations, they should also be included in molecular 
testing. ALK gene rearrangements are present in 
about 5% of NSCLC tumors (Chia et al., 2014). Such 
patients can be treated using several medications, 
including the NCCN Guideline–preferred ALK 
inhibitors alectinib (Alecensa), brigatinib (Alun-
brig), and lorlatinib (Lorbrena). ROS1 rearrange-
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ment can be targeted with entrectinib (Rozlytrek)  
or crizotinib (Xalkori). The combination of dab-
rafenib (Tafinlar) and trametinib (Mekinist) is pre-
ferred for the treatment of NSCLC with a BRAF 
V600E mutation. Patients with an NTRK1/2/3 gene 
fusion have been successfully treated with larotrec-
tinib (Vitrakvi) or entrectinib. Preferred therapies 
for NSCLC bearing METex14 skipping mutations 
include capmatinib (Tabrecta) or tepotinib (Tep-
metko), while patients with a RET rearrangement 
can be treated with selpercatinib (Retevmo) or 
pralsetinib (Gavreto). These drugs can all be used 
in lieu of chemotherapy in the first-line setting. 

Because delays in reporting molecular testing 
results to providers continues to be an issue, clini-
cal situations sometimes require the initial use of 
standard therapy. Guidance is provided if standard 
chemotherapy was used prior to the discovery of 
a biomarker (NCCN, 2022a). Often, chemotherapy 
can be either interrupted, the targeted agent can 
be used as maintenance therapy after planned 
chemotherapy, or the targeted agent can be used 
upon disease progression. The guidelines recom-
mend sending tissue for molecular testing; if the 
available tissue is inadequate or re-biopsy is not 
feasible, plasma testing, i.e., liquid biopsy, can be 
utilized. However, the speed of reporting results 
is not a factor that is mentioned despite liquid bi-
opsy test results frequently being returned much 
faster. As the concordance of tissue and liquid bi-
opsy improves, this may be a factor to consider. 
Further, if the value of simultaneous testing can 
be established, this too could be a strategy for mo-
lecular profiling. The value in this case would be 
measured both clinically and financially. 

Small Cell Lung Cancer
Unlike NSCLC with its multitude of biomarkers, 
there is very little mention of molecular testing in 
the NCCN Guidelines for SCLC. In fact, in Version 
3.2023, the language regarding testing was slightly 
revised from the previous version, from “may be 
considered” to “can be considered in rare cases” 
(NCCN, 2022b). This type of testing is confined to 
extensive-stage disease and is recommended for 
nonsmokers or light smokers. It may also be consid-
ered in cases of “pathologic dilemma”; for example, 
it is unexpected for a nonsmoker to be diagnosed 
with extensive-stage SCLC, so molecular findings 

might change the usual management of the dis-
ease. No additional guidance is given as to what 
biomarkers might be found or how to treat them 
once detected. Some of the tumor-agnostic mark-
ers may come into play in this setting. Biomarkers 
not currently in use that could become important 
for SCLC include SLFN11 (targeting PARP), MYC 
(CHK1, AURKA/B), and DLL3 (DLL3; Taniguchi 
et al., 2020). Tumor mutational burden (TMB) may 
have some utility in predicting the usefulness of 
immunotherapy beyond the PD-L1 inhibitors men-
tioned in the next section. 

Immunotherapy is certainly the new standard 
as an adjunct to standard platinum and etoposide 
chemotherapy in extensive-stage SCLC. Despite 
this, SCLC is one of the cancers where specific 
testing for PD-L1 is not required and is not in-
cluded in the prescribing information for either 
atezolizumab or durvalumab (Imfinzi), immune 
checkpoint inhibitors (ICIs) that are approved for 
extensive-stage SCLC (Genentech, 2016; Astra-
Zeneca Pharmaceuticals, 2017).

Melanoma
The first widespread use of immunotherapies such 
as ICIs was in cutaneous melanoma. Despite this, 
current guidelines do not recommend specific bio-
marker testing for PD-L1 as is required for other 
tumor types. Immunotherapeutics remain a main-
stay of therapy for this disease. The biomarkers 
occurring most commonly in cutaneous melano-
ma are BRAF V600 activating mutations (V600E 
or V600K). Assessment of BRAF V600 activating 
mutation is recommended for stage IV disease 
as well as in recurrent and unresectable disease 
(NCCN, 2022c). Drugs targeting this mutation in-
clude three two-drug combinations: dabrafenib/
trametinib, vemurafenib (Zelboraf )/cobimetinib 
(Cotellic), and encorafenib (Braftovi)/binimetinib 
(Mektovi). Wider testing panels that include more 
than BRAF V600 activating mutations would be 
helpful, as other actionable markers are some-
times present in this disease. For example, in the 
presence of KIT activating mutations, KIT inhibi-
tor therapy can be considered, including imatinib 
(Gleevec), dasatinib (Sprycel), nilotinib (Tasig-
na), and ripretinib (Qinlock). For ROS1 fusions, 
crizotinib or entrectinib could be utilized. For 
NTRK fusions, larotrectinib or entrectinib can be 
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used. In BRAF fusions and non-V600 mutations,  
trametinib as a single agent is noted. For NRAS-
mutated tumors and progression following ICI 
therapy, binimetinib can be used. 

More precise prognostic testing for melanoma 
may be on the horizon. There are several prognos-
tic gene expression profile (GEP) tests available 
clinically but are being used off-guidelines in mel-
anoma (LeQuang, 2022). Such testing would seek 
to identify patients with stage I and II melanoma 
who need more aggressive follow-up and/or treat-
ment, and those with stage III disease who may 
benefit from less aggressive follow-up and treat-
ment. As this type of testing is not included within 
the guidelines, it is not yet clear what to do with 
such results. 

Guidelines for the rare condition of uveal 
melanoma recommend biomarker testing to pre-
dict low, medium, or high risk of distant metasta-
sis. Based on the results, the frequency and dura-
tion of follow-up imaging differ. The biomarkers 
disomy 3, gain of chromosome 6, and EIF1AX 
mutations are seen in low-risk patients, while 
SF3B1 mutations are noted in those at medium 
risk. High-risk patients can have monosomy 3, 
gain of chromosome 8q, BAP1 mutation, and/or 
PRAME expression. These biomarkers, along 
with other characteristics, comprise the risk lev-
el for uveal melanoma.  

Breast Cancer
Clinicians have been using estrogen receptor (ER) 
status to determine the usefulness of antiestrogen 
agents for approximately 40 years (Early Breast 
Cancer Trialists’ Collaborative Group, 2011). The 
American Society of Clinical Oncology, in conjunc-
tion with the College of American Pathologists, re-
affirmed its usefulness in 2020 (Hammond et al., 
2010). Guidelines suggest ER testing as early as 
ductal carcinoma in situ (DCIS) through stage IV 
disease (NCCN, 2023a). Endocrine agents for use 
in various situations include tamoxifen, anastro-
zole, letrozole, exemestane, fulvestrant, and oth-
ers. Also included in the workup for DCIS through 
stage IV disease is genetic risk assessment, which 
has treatment as well as hereditary implications. 
This will be discussed in later sections. 

Human epidermal growth factor receptor 2 
(HER2) is also a breast cancer biomarker that has 

been used for decades. While we do not test for 
HER2 in DCIS, all invasive breast cancers should 
be tested. Until recently, HER2-directed therapy 
was confined to patients with an IHC (immunohis-
tochemistry) 3+ score and/or were FISH positive. 
Recent data support the use of fam-trastuzumab 
deruxtecan-nxki in unresectable or metastatic 
adult patients with “HER2-low” tumors, defined 
as IHC 1+ or 2+/ISH negative (Daiichi Sankyo, 
2019). In the adjuvant setting, in patients with 
tumors < 1 cm, HER2 therapy and chemotherapy 
can be considered. In those with tumors > 1 cm, 
trastuzumab (Herceptin) and chemotherapy are 
recommended. With that same ≥ 1 cm tumor plus 
a pN1 or greater, the additional HER2-directed 
agent pertuzumab (Perjeta) can be added. Neoad-
juvant chemotherapy plus HER2-directed ther-
apy can be an option in operable disease if it is 
HER2-positive with a cT1c or cN1 or higher stage, 
or for inoperable disease. If a pathologic complete 
response (CR) is obtained, trastuzumab with or 
without pertuzumab should be continued for a to-
tal of 1 year of HER2 therapy. If residual disease 
is noted, a switch to ado-trastuzumab emtansine 
can be made for the balance of 1 year of therapy, 
but could be switched back to trastuzumab with 
or without pertuzumab if toxicity is excessive. 

Additional HER2 agents include lapatinib, 
which is indicated for use with capecitabine in pa-
tients with metastatic disease who had previously 
received an anthracycline, taxane, and trastuzum-
ab. It can also be used in combination with letro-
zole in postmenopausal, HER2-positive, and ER-
positive metastatic disease. Neratinib (Nerlynx) is 
an oral HER2 medication that has been used in ad-
vanced disease with capecitabine for patients who 
have received two or more HER2-directed agents 
previously. A novel use for neratinib was seen in the 
ExteNET trial in which HER2-positive patients, 
having completed trastuzumab in the adjuvant 
setting, were placed on neratinib within 2 years of 
completing trastuzumab (Chan et al., 2021). The 
study yielded a hazard ratio of 0.66 for neratinib 
compared with placebo for invasive disease-free 
survival (Puma Biotechnology, 2017). Tucatinib 
(Tukysa) is a kinase inhibitor used in combina-
tion with trastuzumab and capecitabine in patients 
with advanced or metastatic HER2-positive breast 
cancer who have received one or more prior HER2-
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directed therapies (Seagen, 2020). Margetuximab-
cmkb (Margenza) is another HER2-directed ther-
apy for use in combination with chemotherapy in 
patients who have had at least two anti-HER2 ther-
apies, with at least one of those in the metastatic 
setting (MacroGenics, 2020). 

For breast cancers that lack HER2 expression 
(accounting for ~85% of all cases; Noone et al., 2017) 
but are still hormone positive, additional thera-
pies exist. CDK4/6 inhibitors such as ribociclib 
(Kisqali), abemaciclib (Verzenio), and palbociclib 
(Ibrance) are used in combination with an aroma-
tase inhibitor for first-line treatment of metastatic 
disease in HER2-negative postmenopausal or pre-
menopausal patients receiving ovarian ablation or 
suppression. The mTOR inhibitor everolimus com-
bined with anti-estrogen therapy can be used in 
the second-line setting for HER2-negative disease 
(Karacin et al., 2023). In PIK3CA-mutated disease, 
alpelisib (Piqray) can be used in the second-line 
setting and in subsequent lines (Novartis Pharma-
ceuticals, 2019). In ESR1-mutated tumors, elaces-
trant (Orserdu) is a treatment option as second-line 
therapy and beyond (Stemline Therapeutics, 2023). 
For HR-positive, HER2-negative disease in the 
third-line setting and beyond, biomarker-directed 
therapy not previously used could be utilized, in-
cluding drugs for microsatellite instability-high 
(MSI-H), TMB-high, NTRK or RET alterations, 
and others. PIK3CA, ESR1, TMB, NTRK, RET, and 
other traditional hereditary genetic testing are all 
performed by means of NGS technology.

The complete absence of HR and HER2 
expression, i.e., triple-negative breast cancer 
(TNBC), is significant as well. In the first-line set-
ting, along with a PD-L1 Combined Positive Score 
(CPS) of 10 or more, pembrolizumab (Keytruda) 
may be given with chemotherapy. Combined Posi-
tive Score is defined as the total number of tumor 
cells and immune cells (including lymphocytes 
and macrophages) positively stained with PD-L1 
divided by the total number of viable tumor cells, 
multiplied by 100. For second-line therapy, if no 
germline BRCA1/2 mutation is present, the anti-
body-drug conjugate (ADC) sacituzumab govite-
can (Trodelvy) can be used. However, as discussed 
previously, if the tumor is HER2 1+ or 2+/ISH neg-
ative, fam-trastuzumab deruxtecan-nxki is actual-
ly preferred in this setting. Within the guidelines, 

fam-trastuzumab deruxtecan-nxki is listed under 
systemic regimens for TNBC (NCCN, 2023a), but 
it could perhaps be argued that the concept of 
HER2-low could constitute a category unto itself. 
For TNBC in the third-line setting and beyond, 
biomarker-directed therapy not previously used 
could be considered, including drugs for MSI-H, 
TMB-high, NTRK or RET fusions, and others.

Some additional biomarkers to consider are 
pathogenic, e.g., germline (hereditary) BRCA1 and 
BRCA2 mutations (gBRCAm). For this reason, all 
breast cancer patients should be considered for 
germline genetic testing (NCCN, 2023b). While 
some diseases allow for the use of mutated so-
matic (tumor) BRCA1 and BRCA2 when utilizing 
poly(ADP-ribose) polymerase inhibitors (PARPi), 
in breast cancer gBRCAm are the only recognized 
biomarkers, and only olaparib (Lynparza) is ap-
proved in this setting for HER2-negative disease 
(AstraZeneca Pharmaceuticals, 2014). NCCN 
Guidelines describe somatic BRCA as an “emerg-
ing biomarker” along with Ki-67, TMB, and ho-
mologous recombination deficiency (HRD). In the 
adjuvant setting, after chemotherapy and for up to 
1 year, olaparib can be administered for as long as 
a year; such therapy was associated with a hazard 
ratio of 0.68 for overall survival when olaparib was 
compared with placebo. In the metastatic setting, 
in patients who have had prior chemotherapy and 
had received endocrine therapy (or deemed inap-
propriate for endocrine therapy), olaparib can be 
used in patients with gBRCAm.  

Prostate Cancer
Prostate cancer is another disease where germline 
and somatic testing go hand in hand. Germline 
and somatic testing can be considered for any pa-
tient who could potentially benefit from mutation- 
directed therapy. Family history should be obtained 
due to the hereditary nature of such mutations 
and for follow-up testing of family members (both 
males and females) since mutations in these genes 
raise the risk of cancers other than prostate cancer. 
The PARPi olaparib is approved for patients with 
a germline or somatic mutation in any number of 
homologous recombination repair (HRR) genes, 
including BRCA1, BRCA2, ATM, PALB2, FANCA, 
RAD51D, CHEK2, and CDK12. Other PARPi can be 
considered, but each carries nuanced FDA approv-
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als (AstraZeneca Pharmaceuticals, 2014; Clovis 
Oncology, 2016; GlaxoSmithKline, 2017). 

Tumor testing should include microsatellite 
instability (MSI) or mismatch repair (MMR). Ad-
ditionally, TMB can be considered for metastatic 
castration-resistant prostate cancers. These three 
markers can predict the utility of ICIs in this dis-
ease, as with others. 

There are other considerations regarding 
germline results. In patients who have tumors that 
are MSI-H or MMR-deficient, germline Lynch 
syndrome testing should be performed since both 
MSI-H and MMR deficiency can occur in the set-
ting of Lynch syndrome (NCCN, 2023b). Addition-
ally, other gene mutations such as HOXB13 can in-
crease the risk of prostate cancer but do not have 
an associated targeted therapy. Because such mu-
tations, e.g., Lynch syndrome genes and HOXB13, 
have autosomal dominant hereditary implications, 
patients with germline mutations in any of these 
genes should be referred for genetic counseling. 

Ovarian Cancer/Fallopian Tube Cancer/
Primary Peritoneal Cancer
In the case of ovarian/fallopian tube/primary 
peritoneal cancer (which will be collectively re-
ferred to here as ovarian cancer), germline genetic 
testing is as important for its treatment implica-
tions as it is for hereditary cancer assessment. As 
the name implies, Hereditary Breast and Ovar-
ian Cancer Syndrome mainly refers to disease in 
which risk is increased by pathogenic mutations 
in BRCA1 or BRCA2. However, we now know 
that additional genes increase the risk of ovarian 
cancer if a mutation exists. According to NCCN 
Guidelines, mutations in ATM, BRCA1, BRCA2, 
BRIP1, MSH2, MLH1, MSH6, PMS2, EPCAM, 
PALB2, RAD51C, and RAD51D have all been asso-
ciated with an increased risk for ovarian cancer, 
so the presence of a pathogenic variant could lead 
to interventions ranging from increased screening 
to risk-reducing salpingo-oophorectomies. Of this 
list, germline BRCA1 and BRCA2 mutations can 
affect treatment of a current diagnosis of ovarian 
cancer. In stage II to IV ovarian cancer, PARPi can 
be utilized as maintenance therapy following CR 
or partial response (PR) to platinum-based che-
motherapy (AstraZeneca Pharmaceuticals, 2014; 
GlaxoSmithKline, 2017). 

Tumors should also be tested, although a liq-
uid biopsy for detecting circulating tumor DNA 
(ctDNA) can be used. Again, the primary aim is 
to look for somatic BRCA1 and BRCA2 mutations, 
but a wider panel can be useful. The presence of 
a somatic BRCA1 or BRCA2 mutation once again 
allows for the use of maintenance PARPi follow-
ing a PR or CR with platinum-based chemother-
apy. BRCA1 and BRCA2 are what are referred to 
as tumor suppressor genes, which encode for pro-
teins that repair DNA damage (National Human 
Genome Research Institute; 2023). When one or 
the other of these genes is mutated, it is no lon-
ger able to function properly, and DNA damage is 
not repaired as readily as it is in individuals with-
out a mutation. Both loss of heterozygosity (LOH) 
and HRD indicate a state of deficient DNA repair 
within a tumor cell. These deficient repair mecha-
nisms can be exploited by use of platinum chemo-
therapy and PARPi. Any one of these biomarkers 
could suggest PARPi usage in ovarian cancer, so 
patients should be tested for such alterations.  

As mentioned previously, a genomic panel 
ranging from a few genes to dozens of genes, in 
addition to BRCA, is useful since other biomark-
ers are also actionable in ovarian cancer. Dostar-
limab (Jemperli) and pembrolizumab can both be 
used in patients with dMMR and MSI-H tumors. 
Pembrolizumab can also be used in disease that is 
TMB-high. BRAF V600E-positive tumors can be 
treated with dabrafenib plus trametinib. NTRK 
mutations are generally rarer, but when pres-
ent entrectinib or larotrectinib can be utilized. 
Mirvetuximab soravtansine-gynx (Elahere) in 
combination with bevacizumab (Avastin) can be 
given for folate receptor α-expressing tumors. In 
RET gene fusion-positive tumors, selpercatinib 
can be used. 

Pancreatic Adenocarcinoma
Pancreatic adenocarcinoma is approached in a 
very similar way as ovarian cancer, and many of 
the same genes and associated targeted agents 
are in play. From a hereditary germline genetics 
standpoint, any patient with a confirmed diagnosis  
of pancreatic cancer should be tested utilizing 
comprehensive panels for hereditary cancer syn-
dromes (NCCN, 2023b). BRCA1- and BRCA2-
related disease perhaps comes to mind initially, 
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but pancreatic cancer may also be associated with 
Lynch syndrome. Other hereditary cancer genes 
for pancreatic cancer include ATM, CDKN2A, 
PALB2, STK11, and TP53. The presence of all of 
these genes has hereditary implications since they 
are all autosomal dominant in nature. Every first-
degree relative of an individual with a mutation in 
one of these genes has a 50% chance of inheriting 
the same mutation and, therefore, developing the 
hereditary syndrome (National Human Genome 
Research Institute, 2023). Additionally, the pres-
ence of germline BRCA mutations has targeted 
therapy implications. 

For patients with locally advanced or meta-
static disease, somatic tumor testing should be 
performed if therapy can be administered, keep-
ing in mind that some targets and correspond-
ing therapy are specifically used in patients with 
poor performance status. Several genomic abnor-
malities should be evaluated, including fusions 
involving ALK, NRG1, NTRK, ROS1, FGFR2, RET, 
and other genes. Mutations such as those occur-
ring in BRAF, BRCA1, BRCA2, KRAS, and PALB2 
should also be examined, as should gene amplifi-
cations such as HER2. MSI-H, dMMR, and TMB-
high should be tested to assess the potential util-
ity of immunotherapy. Somatic NGS testing can 
be accomplished by analyzing tumor DNA from a 
tissue sample or by use of liquid biopsy to evalu-
ate ctDNA. 

Prior to the use of biomarker-targeted therapy 
in pancreatic cancer, the presence of germline or 
somatic mutations in BRCA1, BRCA2, or PALB2 
should be assessed since these can impact choice 
of chemotherapy. For patients with these muta-
tions, platinum-based chemotherapy is preferred 
for neoadjuvant therapy, i.e., gemcitabine plus cis-
platin with or without chemoradiotherapy (cispl-
atin replaces albumin-bound paclitaxel for these 
patients). Alternatively, FOLFIRINOX or modi-
fied FOLFIRINOX chemotherapy could be used. 

In metastatic disease, once again FOLFIRI-
NOX-based regimens can be used in patients with 
or without BRCA1, BRCA2, or PALB2 mutations, 
but the same gemcitabine-cisplatin regimen can 
also serve as first-line therapy. As with BRAF 
V600E mutations in other solid tumors, dab-
rafenib plus trametinib can be used in the first-line 
setting. Additionally, with any of the immunother-

apy markers such as MSI-H, dMMR, and TMB-
high, pembrolizumab therapy can be employed. 
All previous regimens listed here are for individu-
als with good performance status. For those with 
poor performance status, single-agent chemo-
therapy regimens are preferred, but if certain bio-
markers are present, targeted therapy can be con-
sidered, including larotrectinib or entrectinib for 
NTRK gene fusion-positive patients. With BRAF 
V600E mutations, the same regimen of dabrafenib 
and trametinib can be used. The same biomarkers 
listed above for pembrolizumab are also used in 
poor performance status patients. 

Following an initial 4- to 6-month chemo-
therapy regimen in patients with metastatic pan-
creatic cancer, those with stable disease may be 
considered for maintenance therapy. Olaparib can 
be used only in patients with germline mutated 
BRCA1 and BRCA2 (AstraZeneca Pharmaceuti-
cals, 2014), while rucaparib’s (Rubraca) label ex-
pands its use to those with germline or somatic 
BRCA1, BRCA2, and PALB2 mutations (Clovis On-
cology, 2016).

In subsequent therapy, regimens previously 
mentioned for NTRK and BRAF V600E altera-
tions as well as MSI-H, dMMR, and TMB-high 
are discussed in the guidelines. Additionally, the 
use of selpercatinib in RET gene fusion–positive 
patients is noted. The prescribing information 
for erlotinib does not mention biomarkers when 
utilized in pancreatic cancer in conjunction with 
gemcitabine (Genentech, 2004). In NSCLC, erlo-
tinib is approved for use with EGFR exon 19 de-
letions or exon 21 substitution mutations. This 
situation is hinted at in the footnotes of the NCCN 
Guidelines that state, “Although this combination 
significantly improved survival, the actual benefit 
is small, suggesting that only a small subset of pa-
tients benefit” (NCCN, 2022d). 

Curiously, NCCN Guidelines mention test-
ing for several biomarkers for which there is not 
a specific FDA approval in pancreatic cancer, nor 
is there a biomarker-positive approval based sim-
ply on the presence of the biomarker as is the case 
for NTRK fusions or MSI-H tumors. Examples 
of these biomarkers include alterations in ALK, 
HER2, and KRAS. For these markers, clinical trials 
or even “compassionate use” are targeted therapy 
options in this setting. 
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Colorectal Cancer
Biomarker considerations start early with colon 
cancer. In the initial workup for nonmetastatic, 
resectable disease, MMR and MSI analyses should 
be performed on the tumor. For T4b disease, 
nivolumab (Opdivo) with or without ipilimumab 
(Yervoy) or pembrolizumab can be used as an al-
ternative to chemotherapy in the neoadjuvant set-
ting for dMMR or MSI-H tumors. Interestingly, 
this recommendation has appeared in the medi-
cal literature and guidelines (Ludford et al., 2023; 
Igaue et al., 2022) but not in the FDA-approved 
prescribing information for these drugs (Merck, 
2014; Bristol Myers Squibb, 2014; Bristol Myers 
Squibb, 2011). However, for unresectable or met-
astatic colorectal cancer with dMMR or MSI-H, 
both pembrolizumab as well as nivolumab (with 
or without ipilimumab) fall within the approved 
labels for each drug. If tumor tissue is MSI-H or 
dMMR and the individual has not had germline 
testing, it should certainly be considered since 
over 90% of Lynch syndrome tumors are MSI-H 
(NCCN, 2023b).

In advanced disease, testing for KRAS, NRAS, 
and BRAF should be performed. With wild-type 
RAS (wtRAS), either of the EGFR inhibitors pa-
nitumumab (Vectibix) or cetuximab (Erbitux) 
can be considered as an adjunct to chemotherapy. 
(“Wild type” indicates that no RAS mutation ex-
ists.) When mutations do exist, it predicts poor 
response to these drugs. BRAF also needs to be 
wild-type, or a BRAF inhibitor must be added for 
EGFR inhibitors to work. With BRAF V600E mu-
tations, encorafenib plus an EGFR inhibitor can 
be used. 

In patients with mutated RAS (mRAS), vas-
cular endothelial growth factor receptor (VEGF) 
inhibitors can be effective. Bevacizumab is pre-
ferred, but the VEGF inhibitors ziv-aflibercept 
(Zaltrap) or ramucirumab (Cyramza) are op-
tions as well. Tumor location also appears to be 
predictive. In patients with wtRAS and right-
sided disease, i.e., from the hepatic flexure to 
the cecum, use of EGFR inhibitors appears to 
lead to lower progression-free survival, overall 
survival, and overall response rate (ORR), so 
VEGF inhibitors can be utilized in this situation 
(Arnold et al., 2017). With  left-sided tumors, 
from the splenic flexure to the rectum, panitu-

mumab was found to be superior to bevacizum-
ab in the phase III PARADIGM trial (Yoshino et 
al., 2022). 

HER2 expression can be detected in some 
colorectal cancers. In advanced disease, a regimen 
of trastuzumab, pertuzumab, lapatinib, and tuca-
tinib can be used. Additionally, fam-trastuzumab 
deruxtecan-nxki can be utilized. In such cases, tu-
mors should be HER2 amplified, with wtRAS and 
wtBRAF status. 

NTRK fusions—but as specifically noted, 
not NTRK point mutations—respond to NTRK- 
directed medications. These are exceedingly rare 
in colon cancer (approximately 0.35%). NTRK-
positive tumors are all wtRAS and wtBRAF, and 
are more commonly dMMR than not. In the 
LOXO-TRK-14001 trial of larotrectinib, colon 
cancers comprised 7% of the 55 study subjects 
with an NTRK fusion mutation (Drilon et al., 
2018). The ORR was 75%, including 25% com-
plete responses, with a median duration of re-
sponse of nearly 33 months (Bayer, 2018). Entrec-
tinib is another NTRK-targeted drug for NTRK 
gene fusion-positive advanced colorectal cancer 
as indicated in treatment guidelines.  

RET fusions are also seen in colon cancer. 
Selpercatinib remains the preferred drug for pa-
tients with tumors bearing this alteration, based 
on NCCN Guidelines. In one study that included 
10 colorectal cancer patients, a 20% ORR was seen, 
and 70% experienced stable disease (Lilly, 2020). 

Gastric Cancer
From diagnosis, the initial workup of gastric can-
cer should include biomarker testing. Guidelines 
specifically note the need for evaluation of MSI-H  
status by PCR or NGS (NCCN, 2022e). Alterna-
tively, since dMMR is a surrogate for MSI, it can 
be tested via IHC. Either marker can predict po-
tential response to the immunotherapeutics pem-
brolizumab and nivolumab. Further, guidelines 
indicate that “NGS may be considered.” Several 
reasons are given for this recommendation. As 
with other malignancies, there are multiple ac-
tionable biomarkers in gastric cancer. Addition-
ally, a broad panel utilizing NGS conserves tis-
sue compared to individual gene testing. If tissue 
quantity is problematic, liquid biopsy utilizing 
ctDNA is acceptable. 
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Two biomarkers have previously been noted for 
the use of PD-1 inhibitors. Additional biomarkers 
that qualify a patient for use of these drugs include 
PD-L1 expression by IHC and TMB by NGS. HER2 
overexpression should be included in gastric can-
cer biomarker testing since if positive would allow 
for use of trastuzumab, as in breast cancer. Finally, 
TRK inhibitors could be used if a tumor is NTRK 
fusion-positive as determined by NGS. 

Bladder Cancer
From the initial workup of suspected bladder 
cancer, genetic assessment should be consid-
ered. While Lynch syndrome is often thought 
of as “hereditary colorectal cancer” and some-
times “hereditary endometrial cancer” (the two 
highest-risk cancers associated with Lynch syn-
drome), other cancers are also associated with 
mutations in those genes, such as bladder can-
cer. Unlike other cancers, germline genetic test-
ing in bladder cancer has no guideline-specified 
treatment impact. Genomic testing of the tumor 
does not become relevant until late-stage disease 
(NCCN, 2023c). 

Genomic testing can be considered for stage 
IIIB tumors. When this disease advances to or 
presents as stage IV disease, genomic testing 
should be performed. NCCN Guidelines note that 
testing should be performed early to help with 
treatment decision-making and to avoid delays 
at progression. This is true of any tumor type. Pa-
tients with bladder cancer should be tested for 
FGFR2 and FGFR3 mutations. The kinase inhibi-
tor erdafitinib (Balversa) is specifically directed at 
those mutations (Janssen Oncology, 2019). Blad-
der cancer is the third most mutated cancer, with a 
staggering 93% of patients having at least one clin-
ically significant mutation and an average of 2.6 
mutations per patient. Understanding that most 
genomic testing will occur via large-panel testing, 
some of the more prevalent mutations in blad-
der cancer include CDKN2A, FGFR3, PIK3CA,  
and Her2/neu.

For many uses of ICIs, specific biomarker 
testing is not required. For use of atezolizumab 
in cisplatin-ineligible patients, however, tumors 
must express PD-L1, with PD-L1–stained tumor-
infiltrating immune cells covering 5% or more of 
the tumor surface. 

Uterine Cancer
Initial evaluation of uterine/endometrial cancer 
should include both assessment of tumor genom-
ics and hereditary risk assessment. From a heredi-
tary perspective, Lynch syndrome is thought of as 
a hereditary colon cancer syndrome. Indeed, in 
one study, Møller and colleagues (2017) found that 
the incidence of colon cancer was as high as 46%. 
The risk for uterine cancer is even higher (up to 
51%), depending on which Lynch syndrome gene 
is mutated. However, unlike gBRCAm in breast 
cancer, the finding of a mutated Lynch syndrome 
gene does not have an immediate impact on the 
treatment of uterine cancer. 

In evaluating endometrial carcinoma mo-
lecularly, the first marker discussed is the POLE 
hotspot mutation. The presence of this mutation 
constitutes an endometrial carcinoma subtype. 
These mutations, present in up to 12% of endome-
trial carcinomas, are a good prognostic indicator 
(Veneris et al., 2019). On the opposite end of the 
spectrum, p53 copy number-high (CNH) tumors 
are associated with the worst prognosis (López-
Reig et al., 2019). Prognostically, MSI-H falls be-
tween POLE hotspot mutations and p53 CNH. 
Of course, MSI and other similar markers like 
dMMR and TMB-high are actionable biomarkers, 
and such tumors can be treated with ICIs. With 
dMMR in advanced disease, the anti-VEGF kinase 
inhibitor lenvatinib (Lenvima) can be combined 
with pembrolizumab (Eisai, 2015).

In stage III or IV uterine cancer, primary or 
adjuvant treatment can include trastuzumab if tu-
mors are HER2 positive (both in uterine carcinoma 
or carcinosarcoma of the uterus). Additionally, as 
with other tumor types, the rare NTRK fusion mu-
tation can be treated with larotrectinib or entrec-
tinib. Although seemingly similar to pathologic as-
sessment of breast cancer, endometrial carcinoma 
can also express ERs. This biomarker therefore 
should be evaluated in patients with stage III, IV, 
or recurrent disease. Preferred regimens for ER-
positive disease are megestrol acetate alternat-
ing with tamoxifen or everolimus with letrozole 
(NCCN, 2022f ). Aromatase inhibitors, tamoxifen, 
and fulvestrant can all be used as single agents. In 
uterine-limited disease, progestational agents or 
even a levonorgestrel intrauterine device can be 
used in patients not suitable for surgery. 
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Uterine sarcoma presents some additional 
biomarkers. For example, inflammatory myofibro-
blastic tumors (IMT) sometimes are associated 
with ALK rearrangements. Five different ALK 
inhibitors can be used for ALK translocations. In 
perivascular epithelioid cell tumor (PEComa), 
mTOR inhibitors including albumin-bound siroli-
mus are indicated as first-line therapy, while siro-
limus (Rapamune), everolimus, and temsirolimus 
(Torisel) can be used in the second-line setting 
and subsequent lines of therapy. In BRCA2-altered 
leiomyosarcoma, the PARPi olaparib, niraparib 
(Zejula), and rucaparib can all be used in the sec-
ond-line setting and subsequently. 

BIOMARKERS IN  
HEMATOLOGIC MALIGNANCIES
Leukemias
One of the landmark discoveries in targeted on-
cology therapeutics was the identification of the 
BCR-ABL gene in CML and the advent of BCR-
ABL tyrosine kinase inhibitors (TKIs; O’Brien et 
al., 2003). The t(9;22) translocation in CML led 
to the identification of the Philadelphia chromo-
some (Ph), which involves the BCR-ABL fusion 
gene. This gene encodes for the p210 BCR-ABL 
protein and leads to dysregulated tyrosine kinase 
activity, thereby causing the development of leu-
kemogenesis. Over 90% of cases of CML harbor 
t(9;22). The BCR-ABL TKI imatinib specifically 
targets the tyrosine kinase present in the vast ma-
jority of CML cases, and this paved the way for 
the development of other targeted therapeutics 
in oncology. Several other TKIs directed at BCR-
ABL have since been approved for CML including 
bosutinib (Bosulif ), dasatinib, nilotinib, and pona-
tinib (Iclusig; Pfizer, 2012; Bristol Myers Squibb, 
2006; Novartis Pharmaceuticals, 2007; Takeda 
Pharmaceuticals, 2012).

Several new targeted therapeutic agents have 
been approved for acute myeloid leukemia (AML) 
in the past several years. Use of these therapies is 
based on the presence of specific biomarkers, in-
cluding isocitrate dehydrogenase 1 and 2 (IDH1/2), 
fms-like tyrosine kinase 3 (FLT3), and CD33. IDH 
mutations are present in approximately 20% of pa-
tients with AML (Stein et al., 2021). Ivosidenib and 
olutasidenib (Rezlidhia) are IDH1 inhibitors, while 
enasidenib (Idhifa) is an IDH2 inhibitor (Montesi-

nos et al., 2022; Watts et al., 2023; Stein et al., 2017). 
These therapies may be used as monotherapy in 
patients with actionable IDH mutations. Ivosidenib 
may also be used in combination with azacitidine in 
patients with newly diagnosed IDH1-mutant AML 
(Montesinos et al., 2022).

FLT3 is another actionable mutation  present 
in approximately 30% of AML cases (Ravandi et al., 
2010). Several therapeutic agents that target FLT3 
are available including midostaurin (Rydapt), gil-
teritinib (Xospata) , and sorafenib (Nexavar). Mi-
dostaurin may be combined with 7+3 intensive in-
duction remission chemotherapy for patients with 
newly diagnosed FLT3-positive AML (Stone et al., 
2017). Gilteritinib is an oral FLT3 inhibitor that can 
be considered in the setting of relapsed/refractory 
FLT3-positive AML (Perl et al., 2019). For patients 
with CD33-positive disease, the anti-CD33 ADC 
gemtuzumab ozogamicin (Mylotarg) may be used 
in various settings, including in combination with 
intensive remission induction chemotherapy and 
as monotherapy in patients who are not consid-
ered candidates for intensive remission induction 
chemotherapy, both in the newly diagnosed and 
relapsed/refractory settings (Pfizer, 2000).

In acute lymphoblastic leukemia (ALL), the 
Ph is the most common genetic abnormality ob-
served. It has an increasing prevalence with age, 
affecting > 50% of patients with ALL over the age 
of 60 (Foà et al., 2011). Treatment modalities in 
adult ALL are often stratified by Ph+ and Ph– dis-
ease, with BCR-ABL TKIs incorporated into the 
treatment paradigm as targeted therapies when 
the Ph+ biomarker is present (NCCN, 2022g). De-
pending on a host of factors, BCR-ABL TKIs may 
be combined with corticosteroids, multiagent 
chemotherapy, or blinatumomab (Blincyto) for 
the treatment of adult Ph+ ALL.

Lymphomas
Diffuse large B-cell lymphoma (DLBCL) is broad-
ly characterized into two molecular subtypes: ger-
minal center B-cell (GCB) and activated B-cell 
(ABC; also referred to as non-GCB type). Ibruti-
nib and lenalidomide (Revlimid)-based therapies 
have demonstrated clinical activity in the setting 
of relapsed/refractory DLBCL, ABC type. Ibru-
tinib monotherapy has demonstrated an ORR of 
37% and 5% in ABC and GCB subtypes, respec-
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tively (Wilson et al., 2015). In the setting of DLB-
CL, lenalidomide is  clinically more active in non-
GCB DLBCL than the GCB subtype. In a phase II/
III clinical trial of lenalidomide vs. investigator’s 
choice of chemotherapy in relapsed/refractory 
DLBCL, median progression-free survival was in-
creased with lenalidomide regardless of molecular 
subtype, but the magnitude of benefit was greater 
in non-GCB patients than GCB (15.1 vs. 10.1 weeks; 
Czuczman et al., 2017).

Myeloid differentiation primary response 88 
(MYD88) is a protein encoded by the MYD88 gene 
that functions as an adaptor protein regulating 
the interleukin-1 and Toll-like receptor signaling 
complex involved in immune system regulation. 
Mutations in this gene, specifically the MYD88L265P 
mutation, can be expressed in several different 
lymphomas including DLBCL, marginal zone lym-
phoma, and most commonly Waldenström mac-
roglobulinemia/lymphoplasmacytic lymphoma 
(WM/LPL; Lee et al., 2017; Hunter et al., 2014). 
MYD88 is present in up to 90% of patients with 
WM/LPL, and the presence of this mutation may 
confer benefit with Bruton tyrosine kinase (BTK) 
inhibitors such as ibrutinib, while response rates 
tend to be lower with BTK inhibitors in the setting 
of MYD88 wild-type disease (Moore, 2021).

Anaplastic lymphoma kinase (ALK) can be 
expressed in some non-Hodgkin lymphomas, spe-
cifically ALK-positive DLBCL and ALK-positive 
anaplastic large cell lymphoma. ALK positivity in 
the setting of DLBCL represents a very rare lym-
phoma subtype that responds poorly to chemo-
therapy and typically does not express CD20, rul-
ing out a therapeutic role for rituximab (Li et al., 
2015). Responses to ALK inhibitors have been ob-
served in this setting, so alectinib or lorlatinib can 
be considered as therapeutic options in patients 
with relapsed/refractory disease (Li et al., 2015; 
NCCN, 2023d).

CD30 is an extracellular membrane protein that 
can be expressed in a variety of non-Hodgkin lym-
phomas. In DLBCL, CD30 is expressed in 14% to 
25% of patients (van der Weyden et al., 2017; Jacob-
sen, 2015). The anti-CD30 ADC brentuximab vedo-
tin (Adcetris) may be considered for single-agent 
therapy in relapsed/refractory CD30+ DLBCL  
(NCCN Guidelines, 2023d). Several subtypes of 
T-cell lymphomas commonly express CD30, and 

brentuximab vedotin may be considered in the set-
ting of CD30 positivity, either as a single agent or in 
combination with other chemotherapeutic agents, 
depending on the clinical scenario (NCCN, 2023e).

Multiple Myeloma
In patients with multiple myeloma and other 
plasma cell disorders, the presence of t(11;14) has 
shown to be a predictive marker of efficacy of the 
oral B-cell lymphoma 2 (BCL-2) inhibitor veneto-
clax (Venclexta; Kumar et al., 2020; Chakraborty 
et al., 2022). In the setting of multiple myeloma, 
t(11;14) can be found in approximately 20% of 
newly diagnosed patients (Paner et al., 2020). 
Multiple myeloma cells bearing this translocation 
have a high dependency on the BCL-2 protein for 
survival and therefore are very sensitive to the 
anti–BCL-2 activity induced by venetoclax, result-
ing in cellular apoptosis (Touzeau et al., 2014). In 
the phase III BELLINI trial, the subgroup of pa-
tients with relapsed/refractory multiple myeloma 
and t(11;14) who received venetoclax, bortezomib 
(Velcade), and dexamethasone experienced im-
proved response rates compared with those treat-
ed with placebo, bortezomib, and dexamethasone 
(90% vs. 47%, p = .0038; Kumar et al., 2020).

Systemic light chain (AL) amyloidosis is an-
other plasma cell disorder in which t(11;14) can 
be present. This translocation is observed in ap-
proximately 50% of patients, and venetoclax has 
demonstrated efficacy in a small cohort of patients 
with relapsed/refractory AL amyloidosis who 
harbor t(11;14) (Sidiqi et al., 2020). 

Myelodysplastic Syndromes
A common cytogenetic abnormality observed in 
patients with myelodysplastic syndromes (MDS) 
are deletions in the long arm of chromosome 5 
(del5q), occurring in 16% to 28% of cases (Gia-
gounidis et al., 2004). Patients with del5q MDS 
demonstrate unique clinical features, including 
anemia, dysplastic megakaryocytes in the bone 
marrow, elevated erythropoietin production, and 
red blood cell (RBC)-transfusion dependence. The 
presence of del5q has also been shown to serve 
as a biomarker that can predict the efficacy of le-
nalidomide in MDS (List et al., 2006). A random-
ized, double-blind, phase III trial of patients with 
low/intermediate-1 risk del5q MDS had a higher 
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proportion of patients achieving RBC-transfusion 
independence following treatment with lenalido-
mide 5 mg once daily compared to placebo (42.6% 
vs. 5.9%; p < .001; Fenaux et al., 2011).

BIOMARKERS IN  
TUMOR-AGNOSTIC THERAPEUTICS 
In recent years there has been a growing inter-
est in targeting specific biomarkers that may be 
present across multiple tumor types, and advanc-
ing drug development toward a tumor-agnostic 
approach rather than approvals being based on 
tumor site of origin. The first tumor-agnostic ap-
proval in the United States occurred in 2017 when 
pembrolizumab was approved for the treatment of 
pediatric and adult patients with unresectable or 
metastatic MSI-H or mismatch repair–deficient 
(dMMR) solid tumors (Merck, 2014). Since this 
landmark approval, several other cancer therapies 
have gained tumor-agnostic approvals includ-
ing larotrectinib, entrectinib, dostarlimab, dab-
rafenib/trametinib, and selpercatinib (Table 2). 

MSI-H/dMMR
Genetic variations related to DNA damage re-
sponse pathways, such as MSI-H and dMMR, 
have emerged as biomarkers that may be predic-
tive of response to immune checkpoint inhibition 
(Bai et al., 2020). Approximately 2% to 4% of solid 
tumors will have dMMR, often arising sporadical-
ly, with varying prevalence across different malig-
nancies; alternatively, they may arise from heredi-
tary genetic conditions such as Lynch syndrome 
(Cortes-Ciriano et al., 2017; Bonneville et al., 2017; 
Marabelle et al., 2020). Among the most com-
mon malignancies with dMMR include endome-
trial cancer (17%–33%), gastric cancer (9%–22%), 
and colorectal cancer (6%–13%; Marabelle et al., 
2020). Tumors with dMMR harbor many more 
mutations than those that are mismatch repair-
proficient and are therefore much more suscep-
tible to developing mutations in short, repeated 
sequences of DNA known as microsatellites. High 
levels of microsatellite instability (MSI-H) can oc-
cur when mistakes in DNA mismatch do not get 
corrected and repaired.

Tumor cells with dMMR/MSI-H can express 
high levels of immune checkpoint proteins such 
as PD-L1 and have high levels of tumor-infiltrat-

ing lymphocytes. With the immunogenic cellular 
infiltration caused by the presence of dMMR/
MSI-H, such tumors are especially susceptible to 
the antitumor activity elicited by ICIs. Immune 
checkpoint inhibition has generated ORRs of up 
to 55% in patients with treatment-refractory or 
metastatic disease across all tumor types (Mara-
belle et al., 2020; André et al., 2020; André, et 
al., 2022). In a recent phase II trial of neoadju-
vant dostarlimab for the treatment of locally ad-
vanced dMMR rectal cancer, for example, a CR 
was observed in 100% of patients (N = 12; Cercek 
et al., 2022). Although this was a small trial that 
warrants further investigation in a larger patient 
population and replication of results, this finding 
highlights the highly sensitive nature of dMMR 
tumors to immune checkpoint inhibition. Both 
pembrolizumab and dostarlimab currently carry 
tumor-agnostic approvals for the treatment of pa-
tients with dMMR solid tumors.

Tumor Mutational Burden 
Another emerging tumor-agnostic biomarker in 
cancer therapeutics is tumor mutational burden 
(TMB), which is tested by NGS. This biomarker 
indicates the number of somatic mutations pres-
ent in tumor cells as expressed by the number of 
mutations per megabase (mut/Mb; Chalmers et 
al., 2017). Tumors that are TMB-high may be more 
sensitive to the effects of ICIs. The biological ba-
sis for this is that tumors that are TMB-high pro-
duce high levels of immunogenic antigens that get 
recognized by host cytotoxic T lymphocytes. The 
immune checkpoint inhibition and subsequent T-
cell upregulation induced by PD-1 inhibitors may 
make TMB-high cancers sensitive to such im-
munotherapeutic activity (Samstein et al., 2019). 
It has been purported that the more mutations 
present, the higher the potential for immune sys-
tem recognition induced by immune checkpoint 
inhibition (Lawlor et al., 2021). While different 
thresholds for what constitutes TMB-high have 
been proposed and reported in the literature, a 
threshold of ≥ 10 mut/Mb is commonly accepted 
as defining TMB-high (Lawlor et al., 2021; Marcus 
et al., 2021). The TMB scale used should be noted 
by the reporting lab. 

In 2020, pembrolizumab gained an additional 
tumor-agnostic FDA approval when it was granted  
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accelerated approval for the treatment of adult 
and pediatric patients with unresectable or meta-
static TMB-high (≥ 10 mut/mB) solid tumors that 
have progressed following a prior treatment and 
who have no satisfactory alternative treatment 
options (Marcus et al., 2021). This approval was 
based on the ORR observed in the multicenter, 
nonrandomized, open-label KEYNOTE-158 trial 

in which there was a prospectively planned retro-
spective analysis of 10 patient cohorts. This evalu-
ation included 102 patients with TMB ≥ 10 mut/
Mb. The ORR was 29.4%, with 4 patients (3.9%) 
achieving a CR. Responses were observed across 
8 tumor types. Most patients (57%) who achieved 
a response maintained the response ≥ 12 months, 
and 50% of responders maintained it at 24 months.

Table 2. FDA-Approved Tumor-Agnostic Oncologic Agents

Drug Biomarker Tumor-agnostic indicationa,b
FDA approval date for 
tumor-agnostic indication

Pembrolizumab 
(Keytruda)

MSI-H/ 
dMMR

Treatment of adult and pediatric patients with 
unresectable or metastatic MSI-H or dMMR solid tumors 
that have progressed following prior treatment and who 
have no satisfactory alternative treatment options.

May 2017

Larotrectinib 
(Vitrakvi)

NTRK 
gene 
fusion

Treatment of adult and pediatric patients with solid 
tumors that:
 • Have an NTRK gene fusion without a known acquired 

resistance mutation,
 • Are metastatic or where surgical resection is likely to 

result in severe morbidity, and
 • Have no satisfactory alternative treatments or that have 

progressed following treatment.

November 2018

Entrectinib 
(Rozlytrek)

NTRK 
gene 
fusion

Treatment of adult and pediatric patients ≥ 12 years of age 
with solid tumors that:
 • Have an NTRK gene fusion, as detected by an  

FDA-approved test without a known acquired resistance 
mutation,

 • Are metastatic or where surgical resection is likely to 
result in severe morbidity, and 

 • Have either progressed following treatment or have no 
satisfactory alternative therapy.

August 2019

Pembrolizumab 
(Keytruda)

TMB-H Treatment of adult and pediatric patients with 
unresectable or metastatic TMB-H (≥ 10 mutations/
Mb) solid tumors that have progressed following prior 
treatment and who have no satisfactory alternative 
treatment options.

June 2020

Dostarlimab-
gxly (Jemperli)

dMMR Treatment of adult patients with dMMR recurrent or 
advanced solid tumors that have progressed on or 
following prior treatment and who have no satisfactory 
alternative treatment options.

August 2021

Dabrafenib 
(Tafinlar)/ 
Trametinib 
(Mekinist)c

BRAF 
V600E 
mutation

Treatment of adult and pediatric patients ≥ 6 years of age 
with unresectable or metastatic solid tumors with BRAF 
V600E mutation who have progressed following prior 
treatment and have no satisfactory alternative treatment 
options.

June 2022

Selpercatinib 
(Retevmo)

RET gene 
fusion

Treatment of adult patients with locally advanced or 
metastatic solid tumors with a RET gene fusion that have 
progressed on or following prior systemic treatment or 
who have no satisfactory alternative treatment options.

September 2022

Note. dMMR = mismatch repair deficient; FDA = US Food and Drug Administration; MSI-H = microsatellite instability-
high; NTRK = neurotrophic tyrosine receptor kinase; TMB-H = tumor mutational burden-high.
aAll require use of an FDA-approved test to confirm presence of relevant biomarker.
bAll agents are also approved for other tumor-specific indications; see relevant prescribing information for details.
cDabrafenib and trametinib are approved as a combination regimen for this indication.
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NTRK
The neurotrophic receptor tyrosine kinase 
(NTRK) gene family is composed of three mem-
bers: NTRK1, NTRK2, and NTRK3, which encode 
for TRKA, TRKB, and TRKC proteins, respec-
tively (Drilon et al., 2018). TRK proteins play a 
vital role in the development of the central and 
peripheral nervous system (Chao, 2003). Chro-
mosomal fusion events involving the NTRK gene 
have been identified in various malignancies in 
both adult and pediatric patients. These gene 
fusions result in overexpression of the chimeric 
fusion protein, thereby leading to constitutively 
active signaling (Stransky et al., 2014). Such alter-
ations have been shown to act as oncogenic driv-
ers in several solid tumors, at high frequencies in 
rare cancers such as secretory breast carcinoma 
and lower frequencies in common cancers such 
as colorectal cancer, NSCLC, salivary cancer, 
and thyroid cancers (Marchetti, 2022). Overall, 
NTRK gene fusions may be present in up to 1% of 
all solid tumors.

Larotrectinib and entrectinib are oral, selec-
tive, potent TKIs that target NTRK gene fusion 
proteins. Larotrectinib was approved in 2018 for 
the treatment of adults and children with locally 
advanced or metastatic solid tumors harboring 
an NTRK gene fusion without a known acquired 
resistance mutation (Bayer, 2018). Entrectinib 
was approved in 2019 for the treatment of adults 
with locally advanced or metastatic solid tumors, 
including central nervous system tumors, harbor-
ing an NTRK gene fusion (Genentech, 2019). In a 
combined analysis of three clinical trials (a phase 
I trial for adults, phase I/II trial for children, and 
phase II trial in adolescents and adults), larotrec-
tinib therapy resulted in a 75% ORR across 17 dif-
ferent tumor types in patients ranging from age 4 
months to 76 years (Drilon et al., 2018). In a com-
posite evaluation of three phase I/II clinical tri-
als of adults with NTRK-positive metastatic solid 
tumors that encompassed 10 tumor types and 19 
different histologies, entrectinib therapy was as-
sociated with a 54% ORR, including a 7% CR rate 
(Doebele et al., 2020). 

RET
Rearranged during transfection (RET) is a pro-
to-oncogene that encodes for a transmembrane 

tyrosine kinase domain, and alterations in RET 
can lead to a number of different solid tumor ma-
lignancies (Takahashi, 2022). RET gene fusions 
are found most commonly in 5% to 10% of thy-
roid cancers and 1% to 2% of NSCLC cases. Fu-
sions in RET have also been observed at a low 
frequency (< 1%) in a number of other cancers in-
cluding breast, colon, esophageal, ovarian, pros-
tate, gastric, pancreatic, salivary gland, sarcomas, 
and histiocytic neoplasms (Subbiah et al., 2022). 
Selpercatinib is an oral, highly selective RET ki-
nase inhibitor that received accelerated approval 
in 2022 for the treatment of adults with locally 
advanced or metastatic solid tumors with a RET 
gene fusion whose disease has progressed on or 
following prior systemic treatment or who have 
no satisfactory alternative therapeutic options 
(Lilly, 2020). The efficacy of selpercatinib was 
evaluated in patients with RET fusion–positive 
cancers in the multicenter, open-label, multi-
cohort phase I/II LIBRETTO-001 basket trial 
(Subbiah et al., 2022). The tumor-agnostic ap-
proval for selpercatinib was based on an ORR of 
44%, with a duration of response of 24.5 months. 
Efficacy was seen across a wide spectrum of tu-
mor types including breast, cholangiocarcinoma, 
colorectal, pancreatic, salivary, soft tissue sarco-
ma, and unknown primary.  

BRAF
Mutations in BRAF at codon 600, leading to consti-
tutive activation of the MAPK pathway, are found 
in approximately 50% of all melanomas and, to a 
lesser extent, in 1% to 3% of cancers overall (Sala-
ma et al., 2020). Non-melanoma cancers in which 
BRAF mutations may be present include colorec-
tal cancer, hairy cell leukemia, NSCLC, and thy-
roid cancers. In 2022, the FDA granted accelerat-
ed approval to the combination of dabrafenib and 
trametinib for the treatment of adult and pediat-
ric patients 6 years of age or older with unresect-
able or metastatic solid tumors bearing a BRAF 
V600E mutation who have progressed following 
a prior treatment and have no satisfactory alter-
native therapeutic options. This tumor-agnostic 
approval was supported by the composite out-
comes of several open-label, multi-cohort basket 
trials including BRF117017, CTMT212X2101, and 
NCI-MATCH (Novartis Pharmaceuticals, 2013a; 
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Novartis Pharmaceuticals, 2013b). These three 
basket trials involved 24 different tumor types 
including, but not limited to, gliomas, anaplastic 
thyroid cancer, gastrointestinal stromal tumor,  
and biliary tract cancer. Across these trials, the 
ORR was 41% among the 131 adult patients and 
25% in the 36 pediatric patients.  

CONCLUSION
Biomarkers and their associated therapies have 
been rapidly integrated into oncology and hema-
tology standards of care for many malignancies in 
recent years. While from the clinician’s point of 
view care protocols have become more complex, 
care for the patient has become more precise. This 
precision care has often resulted in better out-
comes than would have been realized with older 
treatment regimens. Now, and moving into the 
future, it will be incumbent upon advanced pro-
viders to know the optimal tests to order, to cor-
rectly interpret the results, and to be able to select 
the best therapies directed at biomarkers present 
or absent. Most of all, advanced practitioners will 
need to continue to keep up with inevitable, un-
ceasing changes of the standards of care. l
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