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Abstract

Introduction. Colorectal cancer (CRC) ranks as the second leading cause of cancer mortality and the third most
common cancer worldwide. Recent statistics reveal a troubling rise in CRC incidence among adults under 50 in high-
income countries, with rates increasing 1-4% annually. While screening advancements, including colonoscopy, have
improved early detection and survival rates, metastatic cases with KRAS mutations remain challenging due to limited
treatment options and mutation-driven resistance mechanisms.

Aim. The present study aims to analyze the clinical significance of multi-platform verification of KRAS gene
mutation in a particular clinical case in order to optimize personalized treatment strategies for patients with KRAS-
positive metastatic colorectal cancer.

Materials and methods. Our study reports the case of a 58-year-old female diagnosed with advanced-stage rectal
adenocarcinoma with KRAS mutation and multi-organ metastasis. Following partial intestinal obstruction, the patient
underwent resection surgery with cholecystectomy and metastasectomy, followed by FOLFOX chemotherapy and
targeted therapy (TT). Despite initial stabilization, metastasis progressed to the lungs and liver. Multiplatform genetic
analysis, including Next generation sequencing (NovaSeq 6000), Sanger sequencing, and droplet digital PCR
(ddPCR), was employed to confirm KRAS variant status, highlighting minor platform-based discrepancies with clinical
relevance.

Discussion. KRAS mutations profoundly affect CRC treatment strategies, particularly in relation to EGFR inhibitor
eligibility. Multi-platform validation ensures accurate variant detection, critical for clinical decision-making. This case
emphasizes the necessity of complementary assays, given the observed KRAS mutation’s influence on therapeutic
outcomes. Cross-platform diagnostic guidelines are advocated to standardize detection thresholds and improve
precision in treatment planning.

Conclusion. This case underscores the clinical significance of multiplatform KRAS mutation validation in
metastatic CRC, highlighting the potential for improved diagnostic protocols to optimize personalized treatment
strategies for KRAS-mutant CRC patients.
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AbcTpakT
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AkTyanbHocTb. KonopektanbHbiint pak (KPP) sBnsieTcs BTOpOI N0 3HAYMMOCTU MPUYMHON CMEPTHOCTM OT paka u
TpeTbeil Mo pacnpocTpaHeHHOCTW B Mupe. locnegHue CTaTUCTUYECKUE AaHHble CBUAETENbCTBYIOT O TPEBOXHOM
pocTe 3abonesaemocti KPP cpegu B3pocnbix B BopacTte 4o 50 neT B CTpaHax C BbICOKMM YpOBHEM [JOXO0AA, NPUYEM
nokasatenu yeenuuusalTcs Ha 1-4% B rog. B TO Bpems Kak AOCTWXeHMs B 0ONacTu CKPWHWHra, BKMYas
KONOHOCKOMWIO, NO3BOMWAN YNYYLLIMTL PAHHEE BbISBNIEHNE W BbIXUBAEMOCTb, Cliy4an MeTacTasnpoBaHus ¢ MyTaLusamu
KRAS ocTalTcs CNOXHbIMM 13-32 OTPaHMYEHHbIX BO3MOXHOCTEA NEYEHUS W MEXaHW3MOB PE3UCTEHTHOCTM,
00yCrnoBrneHHbIX MyTaLUaMU.

Llenb. HacTosillee uccnenoBaHWe HanpaBneHO Ha aHanu3 KIWHWYECKOW 3HAYUMOCTW MHOrO nnaTopmMeHHOM
nposepku MyTauun reHa KRAS npu 4aCTHOM KIMHUYECKOM Cryyae C Lenbi ONTUMU3aLMKU NEPCOHANU3UPOBAHHbIX
cTpaTernit neyeHns naumeHToB ¢ KRAS -NO3MTUBHBIM METACTaTUUYECKMM KONOPEKTaNbHBIM PaKoM.

Marepuanbl M metoabl. B gaHHOM nccnepoBaHum cooblyaetcs 0 crnyyae 58-neTHel XeHWMHbl ¢ OUarHo3om
afileHoKapLuMHOMa NpsSMON KMLLKWM Ha no3gHen ctagum ¢ myTaumen KRAS w nonwopranHbiMu meTactasamu. lMocne
YaCTMYHOW KMULIEYHOM HEMPOXOAUMOCTU NaLMeHTKe Oblna NMpoBefeHa pesekunst C XONeuucTIKTOMUER U yhaneHueMm
MeTacTa3os, a 3ateM xumuoTepanus no metogy FOLFOX u tapretHas Tepanus (TT). HecMoTpsi Ha nepBoHavanbHyr
cTabununsayuio, Metactasbl NPOrpPECCMPOBanK B Nerkux 1 neyenu. [ins noaTeepxaeHus cratyca BapuaHta KRAS bbin
MCNONb30BaH MyMNbTUNNATHOPMEHHBIN FeHeTUYECKUI aHanus, BKIIOYatoLW Uil CEKBEHMPOBaHWE CeayIoLero NoKoneHns
(NovaSeq 6000), cekBeHupoBanme no Canrepy u kanenbHyto uucdposyto [MUP (ddPCR), u4to BbISBMNO
He3HauUTENbHbIE HECOOTBETCTBUSA MEXAY NnaTdopmMamm 1 KINUHUYECKON 3HAYMMOCTBIO.

O6cyxpeHue. Mytaumm KRAS cywlecTBeHHO BNWAOT Ha ctpateruu neyeHuss KPP, ocoBeHHO B OTHOLLEHMM
npuemnemoctn wuHrmbutopos EGFR. MynbTunnatdopmeHHas Banugauus obecneymBaeT TOYHOE BbISIBIEHNME
BapMaHTOB, 4YTO WMeeT peLlalollee 3HaYeHNe AN NPUHATUS KITMHWYECKNX pelieHnd. [laHHbIn cnyyan nogyepkusaeT
HeobXOAMMOCTb AOMOMHUTENbHBIX aHaNMW30B, yudTbiBas BhnsHME MyTauun KRAS Ha pesynbTaThl NeveHus.
PekomeHayeTcs uCnonb3oBaTh pasHble NNaT(OpMeEHHbIE AMarHoCTUYeCKkMe MeTOAbl AN CTaHAapTU3aLmMu NoporoBbIX
3HaYEHUI BbISIBNEHWS U NOBbILLEHWUS TOYHOCTM NINAHUPOBAHMUS NEYEHUS.

BbiBod. OT0T criyyail nogyepKkMBaeT KNUHUYECKYI0 3HAYMMOCTb MyNbTUNNaTOPMEHHOW Banupauuu MyTaLuu
KRAS npu metactatuyeckom KPP, nogyepkuBas MoTEHLMan yCOBEPLIEHCTBOBAHHbIX OMArHOCTUYECKUX NMPOTOKONOB
QNS ONTUMKU3aLMM NePCOHANM3MPOBAHHBIX CTpaTernii neyeHus naumeHTos ¢ KPP ¢ mytaumen reHa KRAS.

Knroyeenie crnosa: konopekmarbHbil pak, memacmasbl, NGS, 2eH KRAS, mymayuu.
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©3ekTiniri. Konopektanegbl katepni icik (KKI) katepni icikreH GonaTbiH eniM-xiTiMHIH ekiHWi cebebi xaHe
anemae ywiHwi opbiH anagbl. COHFbI cTaTUCTUKa Tabbickl xoFapbl engepae 50 xacka LeniHri epecekTep apacbiHaa
CRP aypyblHbIH anaHpatapnblk ecyiH kepceTegi, Oyn kepceTkiwtep xbinbiHa 1-4% - fa apTagbl. CKPUHWHITIK
KETICTIKTEP, COHbIH iLiHAE KOMOHOCKONMS epTe aHbIKTay MeH eMip CypyAi XakcapTyFa MyMKiHAik 6epreHimeH, kras
MyTauusnapbl 6ap MeTacTas xafgannapbl WEKTEYNi eMaey MyMKIHAIKTepi MeH MyTauusFa 6annaHbICTbl Te3iMAiniK
MexaHuamaepiHe 6aitnaHbicTbl Kypaeni 6onbin kana depeai.

Makcatbl. byn 3epttey KRAS-TbiH, meTacTasgblkK KonopekTanbabl KaTtepni iciri 6ap Haykactapgbl emaeyain
XekeneHaipinreH cTpaTerusnapbiH OHTalUnaHablpy YLLiH apHaibl KNUHWUKanbIK xaFganga ken nnatdopmansl KRAS
MyTauusCbiHa TECTINeyAiH KNMHUKambIK MaHbI34bINbIFbIH TangayfFa OafbiTTanfaH.

MaTtepuanpgap meH agictep. byn 3eptreyne KRAS MmyTauusachl xoHe ken MyLlleni metactasgapbl 6ap kew
caTblgafbl TiK iLUEKTiH ageHoKkapLuHOMAachl AuarHo3bl KoMbliFaH 58 xacTafbl oMengin, xaraanbl Typanbl xabapnaHap!.
lwiHapa iWwek eTiMci3giriHeH KeWiH nauWeHTKe XOMnewuuCT3KTOMWSIMEH XXOHe MeTactasfapAbl XOIOMEH peseKuus
xkacangpl, cogaH kenin FOLFOX agicimeH xumuoTepanus xoHe MakcaTTbl Tepamus (TT) xyprisingi. Bactankp
TypaKTaHyfa KapamacTaH, MeTactasgap ekne MeH baybipaa gambigbl. KRAS HyckacbiHbiH MapTebeciH pacTay yLWiH
keneci ypnak cekBeHuusacsl (NovaSeq 6000), CaHrep cukBuHeprniey xoHe Tamwbinatein unugpnblk MNMTP (ddPCR)
KipeTiH ken nnaTopmanbl reHeTUKanbIK Tangay KonaaHbingsl, Oyn nnatgopmanap MeH KNUHWUKamblK MaHbI3abiblK
apacblHAarbl Wamanbl CONKecci3aikTepai aHbliKTaabl.

Tankbinay. KRAS wmytauusinapsl KKI empgey ctpaterusinapbiHa, acipece EGFR  nHrubutopnapbiHbiH
KOonainbinblFbiHA ailTapnbiKTan acep eTeqi. Ken nnatdopmans! Banugauus KnuHuKanblk wewimaep kabbigay yiiH
eTe MaHbI3Abl HycKanapabl A4an aHblKTayFa MyMKiHAK 6epegi. byn xargan GalikanfaH kras MyTauMsCbIHbIH EMAEY
HOTUXENepiHe aCcepiH eckepe OTbIPbIN, KOCbIMLA CbiHAKTapAblH KaxeTTiniriH kepcetedi. EMaeyai xocnapnayabiH
AONAIrH aHbIKTay XoHe XaKcapTy LeKTepiH cTaHaapTTay YWiH apTypni nnatopmanslk AuMarHocTuKanblk aaicTepAai
KONAaHy YCbIHbINagbl.

KopbiTbiHabl. byn xafgan  metactatukanblk  KKl-ge  KRAS  MyTauusiCbiHbIH, - MynbTUMNATgOPManbIK
BanngauusiCbiHbIH, KNWHWKaNbIK MaHbi3gbbiFbiH kepcetedi, KRAS mytaumuscel 6ap KKI HaykacTapbiH empeydiH
XeKeneHaipinreH ctpaTernsanapbiH OHTaWNaHAbIPY YLiH XeTingipinreH AuarHOCTUKanbIK xatramanapiblH, oneyeriH
kepceTesi.

TyuiHdi ce3dep: konopekmans0b! Kamepni icik, memacma3dap, NGS, KRAS eeHi, mymayusinap.
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Introduction

Colorectal cancer (CRC) is second in terms of
mortality and third in the number of cases worldwide in
the last decade. In recent years, the number of cases
among young adults (younger than 50) has risen by 1%-
4% in high-income countries, and with the given results,
there is a prediction of an increase in cancer cases by
77% [1]. The reason for the rise among the younger
generation is unknown, but there is a significant
influence on the beginning of adulthood. The survival
rate equals 65%, where the main survival predictor is
stage diagnosis [2]. However, a healthy diet, physical
activities, and uptake of screenings are considered
protective. Colonoscopy screenings play a massive role
in detecting early stages, increasing the survival rate [3].
However, selecting treatment regimens based on the
tumor's genetic characteristics is essential. Single gene
testing, such as KRAS, BRAF, and EGFR mutations, is
commonly used in almost all cancer centres, primarily
because of the National Comprehensive Cancer Network
(NCCN) gquidelines [4]. However, this approach only
provides complete coverage of some relevant
therapeutic targets since tumors' high biological
heterogeneity likely affects therapeutic response. An
example is the widespread KRAS mutation in human
cancers, which, despite decades of research, remains a
problematic therapeutic target; therapeutics directly
targeting mutant KRAS still need to be developed. With
the development of next-generation sequencing (NGS)
technologies, assays have been expanded to panels of
significant genes to identify tumor-specific driver
mutations or those that can be targeted by FDA-
approved or investigational new drugs [5]. However, the
NGS method requires additional validation of the
obtained results using various sequencing platforms.

Here, we present a case of multi-platform verification
of KRASgene mutation in multiorgan metastasis
refractory to standard therapy.

Materials and methods

Archived Formalin-fixed, Paraffin-embedded (FFPE)
tissue samples were obtained from a patient with multi-
organ metastatic colorectal cancer for genomic
sequencing. Representative FFPE blocks containing

more than 30-70% tumor cell was identified with
pathological examination. A series of histological tissue
sections 5-8um thick from the selected samples were
prepared on a microtome for each glass. Glass slides
were subsequently stained with hematoxylin and eosin
solutions according to the standard protocol.
Morphological examination of glass slides stained with
hematoxylin and eosin was performed on an Olympus
BX53 microscope (Japan) at X100 magnification. DNA
from glass slides was isolated using the ReliaPrep™
FFPE gDNA Miniprep Kit (Promega, USA). Some DNA
samples were pre-treated with the enzyme uracil DNA
glycosylase (UDG), which reduces artefacts and
sequencing errors for comparison. Next-generation
sequencing was performed using the TruSight Oncology
500 HT 523-gene targeted oncopanel according to the
standard manufacturer's protocol (lllumina, USA) on the
NovaSeq 6000 platform. Droplet digital PCR (ddPCR)
will be performed using the ddPCR KRAS Screening
Multiplex Kit (Bio-Rad Laboratories, USA) on the QX200
Droplet Digital PCR platform (Bio-Rad Laboratories,
USA) according to the manufacturer's protocol. Sanger
sequencing was performed with a set of primers for
mutations in exon 2 of the KRAS gene: forward pair
5TATTTGATAGTGTATTAACCTTATGTGTG3 and the
reverse pair - 5° GAAACCTTTATCTGTATCAAAGAATG
3’ on the capillary electrophoresis platform 3730XL
Genetic Analyzer according to the manufacturer's
instructions (Applied Biosystems).

Case presentation

A 58-year-old female patient visited her local clinic in
2018 due to the presence of blood in her stool and a
worsening of her symptoms. Following a series of
examinations, she was referred to the Kazakh Institute of
Oncology and Radiology (KazIOR) for further evaluation
and treatment leading to hospitalization for specialized
treatment. A colonoscopy revealed a narrowed and
obstructed lumen 15 cm from the anus, with infiltrated,
irregular, and ulcerated mucosa that fragmented easily
during biopsy. The diagnosis was rectal cancer.
Immunohistochemical analysis confirmed the presence
of grade 2 adenocarcinoma of the rectum, St IV
(T4AN1M1). A pelvic MRI showed uneven thickening of
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the walls and narrowing of the lumen in the rectosigmoid
section of the colon, extending up to 4.5 cm and
involving all layers of the bowel. There were isolated
lymph nodes measuring up to 5 mm in the periphery.
The MRI findings indicated a neoplasm in the
rectosigmoid region of the colon, along with uterine
fibroids. An abdominal ultrasound revealed diffuse
changes in the liver consistent with hepatosis, metastatic
lesions in both liver lobes, chronic calculous
cholecystitis, and signs of chronic  bilateral
pyelonephritis. No focal changes were detected in the
retroperitoneal space. A cardiology consultation
diagnosed the patient with stage 1 arterial hypertension
and a risk level of 2, with no contraindications for
specialized treatment.

The patient was discussed in a multidisciplinary team
meeting on November 2018. Given the partial intestinal
obstruction, the first step recommended was elective
surgical intervention. In November 2018, the patient
underwent laparotomy, abdominal cavity exploration,
combined obstructive resection of the rectum with
cholecystectomy, and removal of liver metastases, along
with abdominal drainage.

The postoperative histological report indicated
moderately differentiated adenocarcinoma of the rectum
(GIl) with ulceration, comedo necrosis, and inflammatory
infiltration of the stroma. The tumor invaded all layers of
the bowel wall and infiltrated the perirectal adipose
tissue. No tumor cells were found at the resection
margins. Metastases were identified in one of the two
examined lymph nodes in the perirectal adipose tissue
and in liver tissue. Chronic cholecystitis with
xanthomatosis was also noted.

Molecular genetic testing for KRAS and NRAS
mutations revealed the presence of a KRAS gene
mutation in the sample analyzed.

DNA was isolated from the patient's FFPE tissue
sample using the Wisard® Genomic DNA Purification Kit
(Promega, USA). Quantitative evaluation of the isolated
DNA performed by spectrophotometric method on the
Nanodrop 2000 device, and by fluorometric method
using the Qubit™ dsDNA HS kit (Invitrogen) on the Qubit
2.0 device. Genomic sequencing performed on the
NovaSeq 6000 platform using the TruSight Oncology
500 High Throughput kit according to the manufacturer's
standard protocol (lllumina, USA). Sanger sequencing
performed using two pairs of commercial PCR primers
for KRAS gene mutations in exon 2 and exon 3 (Sigma
Aldrich, USA) according to standard protocol with or
without UDG enzyme pretreatment. ddPCR performed

on the QX200 (Bio-Rad, USA) device using cobas®
KRAS Mutation Test (Roche, USA).

Sample materials conducted from FFPE blocks and
were analyzed by pathomorphologist (Figure 1).

Patient had chemotherapy according to the scheme
FOLFOX (oxaliplatin 130 mg, fluorouracil 600 m,
fluorouracil 900 mg 22-hour infusion through a pump of
disodium folinate 400 mg infusion through a pump of
nafone premedication with sturgeon, dexamed). After a
while target therapy (bevacizumab 400 mg) was
recommended.

Patient received CT and TT for five years and were
asked to participate in clinical trial for the Oxidative Drug
Combination. And with the agreement of patient
participated in 2 phases from 3,5g by increasing it by
adding 3,5 g each time [6, 7].

The conclusion from the chest computed tomography
(CT) scan, when compared to previous results, indicated
metastatic lesions in both lungs, with a noted decrease
in the size and number of these formations over time.
Additionally, areas of pleuropulmonary fibrosis were
observed in the lower and middle lobes of the right lung,
suggesting stabilization of the condition with positive
dynamics. Abdominal CT scans revealed metastatic
lesions in the liver, with a formation in the right lobe that
involved the right kidney, also showing a reduction in
size over time. Furthermore, metastatic formations were
found in the adipose tissue of the abdominal cavity,
situated beneath the anterior abdominal wall and
adjacent to loops of the colon, indicative of
carcinomatosis, with a decrease in the size of these
formations as well. When compared to the CT data from
June 2023, the findings suggest stabilization of the
process with positive dynamics. The pelvic MRI indicated
that the rectal stump was thickened and in close
proximity to the cervix, with signs of uterine fibroids
present. The multidisciplinary team at the Oncology
Center recommended adding two additional cycles of
palliative chemotherapy (PCHT) and targeted therapy
(TT) to the treatment plan, followed by maintenance
therapy with TT.

Additionally, we utilized several sequencing
platforms, including NovaSeq 6000, Sanger sequencing
(both with and without Uracil DNA Glycosylase
treatment), and droplet digital PCR (ddPCR), to ensure
robust verification of KRAS mutations. Notably, while
Sanger and ddPCR assays consistently identified the
KRAS ¢.35G>A (p. Gly12Asp, G12D) mutation (Table 1),
NovaSeq 6000 platform results unambiguously identified
the KRAS ¢.35G>T (p.Gly12Val) variant (Table 2).

Table 1.
Summary of KRAS Mutation results by Sanger sequencings’ and ddPCR.
Sanger sequencing Sanaer sequencin ddPCR_KRAS_c.12,c13 (G12A, Clinical
UL IDe with ?JDG 'Igreatmegt SHAS, G120, i, KRAS status
Treatment G12V,G13D)_57bp
c.35G>A p.G12D c.35G>A p.G12D Mutated 14.6% MAF KRAS mutant
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Figure 1. Histopathological and imrnunohistochemical images of a core biopsy of colon.

(A) Overview (hematoxylin and eosin (H&E) stain, 5x magnification).
(B) Adenocarcinoma (H&E stain, 10x magnification).
(C) Desmoplastic reaction in tumors with single scyrrhous sites. (H&E stain, 30x magnification).

226



Hayka u 3apaBooxpanenue, 2024 T.26 (5)

Kuananyecknii coxyyaii

Table 2.
Genetic mutations detected on NovaSeq 6000.
Gene Name | Chr Position Si Cl!r]Var Variant Protein Change CDSChange | Consequence
ignificance
likely . NP_006209.2: NM_006218.3: missense
PIKSCA | chr3 | T9E+08 | ohogenic | O™ | p.lys111GIu) C33ASG variant
likely
- , NP_000029.2: NM_000038.5: stop
APC chrd 1,12E+08 pathogemp, Somatic 0.(Arg1450Ter) 0.4348C>T gained
pathogenic
. NP_004320.2: NM_004329.2: missense
BMPR1A | chr10 | 88683229 NA Somatic 0.(Arg480Gn) 6 1439GoA variant
likely .
. . NP_203524.1: NM_033360.3: missense
KRAS chr12 | 25398284 pathogenl_c, Somatic p.(Gly12Val) c.356>T variant
pathogenic
. NP_689637.3: NM_152424.3: stop
AMER1 chrX 63411291 NA Somatic 0.(Arg626Ter) c1876C>T qained
Discussion cross-platform guidelines, particularly in cases where

This case highlights the complexities and importance
of multi-platform validation in detecting clinically
actionable mutations, specifically KRAS variants, in
metastatic colorectal cancer (CRC). The clinical and
therapeutic implications of KRAS mutations in CRC are
profound, given their influence on treatment decisions,
particularly in determining eligibility for targeted
therapies like EGFR inhibitors [8-10]. Accurate mutation
detection is therefore critical, as inconsistencies could
directly affect patient outcomes. Our results showed
different KRAS mutations when using different
sequencing and driver mutation detection approaches in
the same patient. Such discrepancies have been
reported in previous studies, with platform-specific
biases attributed to differences in sequencing chemistry,
coverage depth, and bioinformatics pipelines. For
instance, a study by Zehir et al. observed that distinct
sequencing platforms could yield variability in detecting
low-frequency  mutations, potentially leading to
conflicting  clinical interpretations  [11].  These
discrepancies  underscore  the importance  of
complementary assays in clinical diagnostics, especially
when single-platform findings diverge, as observed here
with TruSight Oncology 500 panel on the NovaSeq 6000.
Validation through multi-platform approaches aligns with
best practices in precision oncology, as it can mitigate
risks associated with platform-specific limitations and
improve the accuracy of mutation reporting [12-16].

This case also illustrates the potential KRAS
variants, like G12V, to uniquely influence therapeutic
outcomes compared to more frequently observed
variants such as G12D. Research has shown that KRAS
mutation subtypes may differentially affect tumor
response to specific therapies, including targeted
treatments and immunotherapy [17]. For example,
patients harboring KRAS G12C or G12V mutations have
demonstrated varied responses to emerging targeted
inhibitors, suggesting that accurate characterization of
these mutations is vital for personalized treatment
planning [18].

The implications of these findings suggest that future
clinical protocols should advocate for standardized

actionable mutations directly affect treatment selection.
Standardizing thresholds for variant calling and
sequencing depth across platforms, as advocated by
Frampton et al., could further enhance diagnostic
reliability, ensuring that discrepancies are minimized and
that all clinically relevant variants are consistently
detected [19]. These practices are increasingly important
as clinical genomics integrates diverse NGS
technologies, each with unique operational and
interpretative characteristics [20]. Future studies are
encouraged to explore these discrepancies further and
develop optimized protocols that could be universally
applied in clinical laboratories, ultimately improving the
reliability of molecular diagnostics in oncology.

Conclusion

Sequencing of the cancer genome has fundamentally
advanced our understanding of the biology of the
disease and, more recently, has expanded approaches
for monitoring tumors in the clinic and guiding treatment.
Although cancer research increasingly relies on whole
genome characterization, the clinical application of
genomics has primarily been limited to targeted
sequencing approaches designed to identify specific
clinically relevant biomarkers. In some tumor types, such
as colon cancer, lung cancer, and melanoma, it has
become standard practice to profile tumors for recurrent
targetable mutations. The results of this study highlight
the clinical relevance of multi-platform validation of driver
tumor mutations. Given the diversity of tumor types that
may harbor potentially actionable mutations, genetic
testing is needed to identify novel biomarkers that
predict resistance response to therapy.
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