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Next generation sequencing and anti-cancer

therapy
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Over the last two decades, the systemic treatment of cancer has evolved from cytotoxic chemotherapy to targeted
therapy and now immunotherapy. Next-generation sequencing (NGS) is entering clinical applications for cancer
treatment through the help of more powerful computational analyses. The increasing number of targeted therapies
approved by regulatory authorities (RAs) with or without biomarkers necessitates the screening of multiple biomarkers
using NGS, which is now approved and reimbursed by Korean RAs for some types of malignancies. However, the
clinical utility of NGS remains to be established as a prerequisite for its routine incorporation into clinical practice.
Currently, the best scenario of NGS use in clinics is to enroll patients into clinical trials based on the detection of
biomarkers, but this is only possible in the hospitals conducting the specific trial. The other scenario is the off-label use
of a targeted drug, but this requires social consensus for future implementation. The clinical applications of NGS are
expanding in terms of its platforms, from targeted sequencing to whole exome and RNA sequencing, and in terms of
systemic therapy, from targeted therapy to immunotherapy. Research into tumor mutational burden and neoantigens
is shedding new light on the clinical use of NGS in immunotherapy.
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Appendix 1. Targeted and immunotherapeutic drugs, targets, indications, and biomarker detection tests

Agent Target FDA-approved indication Test

Ado-trastuzumab HER2 (ERBB2/neu)  Breast cancer (HER2+) IHC or ISH

emtansine (Kadcyla)

Afatinib (Gilotrif) EGFR Non-small cell lung cancer (with EGFR exon 19 Real-time PCR, Sanger sequencing or NGS

deletions or exon 21 substitution (L858R) mutations)

Alectinib (Alecensa) ALK Non-small cell lung cancer (with ALK fusion) FISH break-apart probe (first choice), IHC as
screening, FDA-approved IHC (ALK [D5F3] CDx
assay) as a stand-alone test, not requiring
confirmation by FISH (although secondary
confirmation is encouraged), NGS

Atezolizumab (Tecentrig) PD-L1 Urothelial carcinoma No tests needed (PD-L1 IHC Ventana as complemen-

Non-small cell lung cancer tary diagnostic)

Avelumab (Bavencio) PD-L1 Merkel cell carcinoma No tests needed

Urothelial cancer
Axitinib (Inlyta) KIT, PDGFR@, Renal cell carcinoma (category 1 in clear cell histology; [HC
VEGFR1/2/3 sunitinib is preferred in non-clear cell histology, but
axitinib still can be used.)
Bevacizumab (Avastin)  VEGF ligand Cervical cancer No tests needed
Colorectal cancer
Fallopian tube cancer
Glioblastoma
Non-small cell lung cancer
Ovarian cancer
Peritoneal cancer
Renal cell carcinoma
Brigatinib (Alunbrig) ALK Non-small cell lung cancer (ALK+) FISH break-apart probe (first choice), IHC as

Cabozantinib
(Cabometyx [tablet],
Cometriq [capsule])

Ceritinib (Zykadia)

Cetuximab (Erbitux)

Cobimetinib (Cotellic)
Crizotinib (Xalkori)

Dabrafenib (Tafinlar)

Durvalumab (Imfinzi)

Erlotinib (Tarceva)

Everolimus (Afinitor)

FLT3, KIT, MET, RET,
VEGFR2

ALK

EGFR (HER1/ERBB1)

MEK
ALK, MET, ROS1

BRAF

PD-L1

EGFR (HER1/ERBB1)

mTOR

Medullary thyroid cancer
Renal cell carcinoma

Non-small cell lung cancer (with ALK fusion)

Colorectal cancer (KRAS wild type)
Squamous cell cancer of the head and neck

Melanoma (with BRAFV600E or V600K mutation)

Non-small cell lung cancer (with ALK fusion or ROS1

gene alteration)

Melanoma (with BRAFV600 mutation)

Non-small cell lung cancer (with BRAFV600E
mutation)

Urothelial carcinoma

Non-small cell lung cancer

Non-small cell lung cancer (with EGFR exon 19
deletions or exon 21 substitution (L858R) mutations)

Pancreatic cancer

Pancreatic, gastrointestinal, or lung origin
neuroendocrine tumor

Renal cell carcinoma

Nonresectable subependymal giant cell astrocytoma
associated with tuberous sclerosis

Breast cancer (HR+, HER2-)

screening, FDA-approved IHC (ALK [D5F3] CDx
assay) as a stand-alone test, not requiring
confirmation by FISH (although secondary
confirmation is encouraged), NGS

No tests needed

FISH break-apart probe (first choice), IHC as
screening, FDA-approved IHC (ALK [D5F3] CDx
assay) as a stand-alone test, not requiring
confirmation by FISH (although secondary
confirmation is encouraged), NGS

CRC: In the NCCN guideline, no explicit
method was assigned (PCR, pyrosequencing,
real-time PCR, restriction fragment length
polymorphisms [RFLP], etc.).

H&N: no biomarker

Real-time PCR, Sanger sequencing, or NGS

Same as in alectinib for ALK

FISH, IHC, or NGS for ROS1

Real-time PCR, Sanger sequencing, or NGS

VENTANA PD-L1 (SP273) assay as a comple-
mentary diagnostic

Real-time PCR, Sanger sequencing or NGS

No tests needed for other cancer types
Breast cancer: IHC for ER &PR
IHC or ISH for HER2

(Continued 1)
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(Continued 1)
Agent Target FDA-approved indication Test
Gefitinib (Iressa) EGFR (HER1/ERBB1) Non-small cell lung cancer (with EGFR exon 19 Real-time PCR, Sanger sequencing or NGS

Imatinib (Gleevec))

Ipilimumab (Yervoy)
Lapatinib (Tykerb)
Lenvatinib (Lenvima)

Neratinib (Nerlynx)
Niraparib (Zejula)

Nivolumab (Opdivo)

Olaparib (Lynparza)

Olaratumab (Lartruvo)
Osimertinib (Tagrisso)

Palbociclib (Ibrance)
Panitumumab (Vectibix)
Pazopanib (Votrient)

Pembrolizumab
(Keytruda)

Pertuzumab (Perjeta)

Ramucirumab
(Cyramza)

Regorafenib (Stivarga)

Ribociclib (Kisqgali)

KIT, PDGFR, ABL

CTLA-4
HER2 (ERBB2/neu),

EGFR(HER1/ERBB1)
VEGFR2

HER2 (ERBB2/neu)
PARP

PD-1

PARP

PDGFRa
EGFR

CDK4, CDK6

EGFR (HER1/ERBB1)

VEGFR, PDGFR, KIT
PD-1

HER2 (ERBB2/neu)
VEGFR2

KIT, PDGFRB, RAF, RET,
VEGFR1/2/3

CDK4, CDK6

deletions or exon 21 substitution (L858R)
mutations)

Gl stromal tumor (KIT+)

Dermatofibrosarcoma protuberans

Multiple hematologic malignancies including
Philadelphia chromosome-positive ALL and CML

Melanoma

Renal cell carcinoma

Breast cancer (HER2+)

Renal cell carcinoma

Thyroid cancer

Breast cancer (HER2 overexpressed/amplified)
Ovarian cancer

Fallopian tube cancer

Peritoneal cancer

Colorectal cancer (dAMMR and MSI-H)
Head and neck squamous cell carcinoma
Hepatocellular carcinoma

Hodgkin lymphoma

Melanoma

Non-small cell lung cancer

Renal cell carcinoma

Urothelial carcinoma

Ovarian cancer (with BRCA mutation)

Soft tissue sarcoma
Non-small cell lung cancer (with EGFRT790M
mutation

Breast cancer (HR+, HER2-)

Colorectal cancer (KRAS wild type)

Renal cell carcinoma

Classical Hodgkin lymphoma

Colorectal cancer (MSI-H/dMMR)

Gastric cancer

Melanoma

Non-small cell lung cancer (PD-L1+)
Head and neck squamous cell carcinoma
Urothelial cancer

Solid tumors (MSI-H/dMMR)

Breast cancer (HER2+)

Colorectal cancer

Gastric cancer or

Gastroesophageal junction (GEJ) adenocarcinoma
Non-small cell lung cancer

Colorectal cancer

Gastrointestinal stromal tumors
Hepatocellular carcinoma

Breast cancer (HR+, HER2-)

GIST: IHC, real- time PCR
Dermatofibrosarcoma protuberans: no tests needed
ALL, CLL: karyotype, FISH, or PCR

No tests needed

IHC or ISH

No tests needed

IHC or ISH

Patients who are in complete or partial response to
platinum-based chemotherapy (no BRCA tests
needed

CRC: PCR for MSI-H; IHC for dMMR

Sanger sequencing, multiplex ligation-dependent
probe amplification (MLPA), or NGS

No tests needed
Real-time PCR, Sanger sequencing or NGS

IHC for ER &PR
IHC or ISH for HER2

In the NCCN guidelines, no explicit method was
assigned

No tests needed

PD-L1 IHC 22C3 pharmDx (Dako);
PCR for MSI-H; IHC for dMMR

IHC or ISH
No tests needed

No tests needed

IHC for ER &PR
IHC or ISH for HER2
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(Continued 2)
Agent Target FDA-approved indication Test
Rucaparib (Rubraca) PARP Ovarian cancer (with BRCA mutation) Sanger sequencing, multiplex ligation-dependent
probe amplification (MLPA), or NGS
Sorafenib (Nexavar) VEGFR, PDGFR, KIT, RAF  Hepatocellular carcinoma No tests needed
Renal cell carcinoma
Thyroid carcinoma
Temsirolimus (Torisel) mTOR Renal cell carcinoma No tests needed
Trametinib (Mekinist) MEK Melanoma (with BRAFV600 mutation) Melanoma: THxID BRAF test as companion
Non-small cell lung cancer (with BRAFV600E diagnostic
mutation NSCLC: Real-time PCR, Sanger sequencing, or NGS
Trastuzumab (Herceptin) HER2 (ERBB2/neu) Breast cancer (HER2+) IHC or ISH
Gastric cancer (HER2+)
Vandetanib (Caprelsa) ~ EGFR (HER1/ERBB1), Medullary thyroid cancer No tests needed
RET, VEGFR2
Vemurafenib (Zelboraf) ~ BRAF Melanoma (with BRAFV600 mutation) Real-time PCR, Sanger sequencing, or NGS
Ziv-aflibercept (Zaltrap) ~ PIGF, VEGFA/B Colorectal cancer No tests needed

FDA, Food and Drug Administration; IHC, immunohistochemistry; ISH, in situ hybridization.
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