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Materialer og metoder 

Artikelsøgning 
Der blev søgt efter "Cellient" i Pubmed søgemaskinen[6]. Hvilket resulterede i 2 relevante artikler. 

En tredje artikel blev fundet ud fra reference #25 i artiklen af Gorman et. al.[7] 

 

Apparater og Materialer 
Forsøgs materialet bestod af 14 finnålsaspirationer fra tumorer i lungevæv fra 14 forskellige 

patienter, som allerede havde fået udret deres lungecancer. Diagnoserne består af forskellige ikke-

småcellede cancertyper. 

Til den traditionelle præparering af PT koagel på lunge-finnålsbiopsi fulgte vi den gældende 

forskrift på afdelingen: [8] 

1. Centrifuger materialet 10 min. ved 3000 omdr./min.   

2. Hæld supernantanten fra. 

3. Tilsæt 3 dråber humant plasma. 

4. Opslem, med pipetten, forsigtigt bundfaldet i plasmaen. 

5. Tilsæt 2 dråber thrombin. Dannes der ikke et koagel indenfor 1 minut; tilsæt 1 dråbe BT. 

6. Tilsæt 4% neutralt bufferet formaldehyd.     

7. Åben en gazepose, træk den over reagensglasset. 

8. Hæld koaglet i gazeposen. 

9. Læg posen i en kapsel med mikroskopi-nummeret. 

10. Dryp et par dråber hæmatein på koaglet. 

11. Læg kapslen i en bøtte med 4% neutralt buffet formaldehyd. 

Til vævsfremføring blev der benyttet en VIP-vævsfremførings maskine med ethanol, petroleum og 

paraffin. [9] 
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n engl j med 363;18 nejm.org october 28, 20101698

were insufficient to correlate the presence of the 
EML4-ALK breakpoint with either smoking his-
tory or response rate (Fig. 3). Immunohistochemi-

cal analysis of ALK in FFPE tumor sections with 
an anti-ALK rabbit monoclonal antibody21 revealed 
positive ALK protein expression in all 25 samples 
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Figure 2. Response to ALK Inhibition.

Panel A shows the best response of patients with ALK-positive tumors who were treated with crizotinib, as compared with pretreatment 
baseline. Numbers along the x axis indicate arbitrarily assigned subject numbers from 1 to 79. The bars indicate the percent change in 
tumor burden from baseline. Three study patients are not included in this plot: one patient was clinically assessed as having had a par-
tial response, although the response was primarily in areas of nonmeasurable disease, so the patient was classified as having stable dis-
ease; two patients with abrupt clinical deterioration could not be assessed. Four patients had complete resolution of their target lesions 
but were classified as having had a partial response on the basis of stability in nontarget lesions. Eight patients had tumor shrinkage of 
more than 30% but were classified as having stable disease either because confirmatory scans were not available by the data-cutoff 
point (for five patients) or early restaging was performed at 6 weeks after crizotinib initiation (for three patients). The dashed line indi-
cates a tumor reduction of 30% from baseline, the minimal percent decrease that constitutes a partial response, according to Response 
Evaluation Criteria in Solid Tumors. Panel B shows the results of CT with coronal reconstruction in a representative patient at baseline 
(left) and after two cycles of therapy (right). This patient had undergone previous left lower lobectomy.

The New England Journal of Medicine 
Downloaded from nejm.org on September 12, 2011. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 
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Kan DNA extraheres fra cytologisk materiale ?

staining (3-way GLM with cell batch as a random factor;
P5.007) (Fig. 4).

In addition to yield, we characterized the prepared
genomic DNA in terms of fragmentation as assessed by
PCR amplification of amplicons with increasing lengths.
DNA was amplified and separated using gel electrophore-
sis. The presence or absence of a visible band of the correct
size was assessed and the band intensity was semiquanti-
fied (Table 2).

In the air-dried, MGG-stained samples, amplicon
sizes of 388 bp could be consistently amplified, while
amplification of a 578-bp amplicon proved to be difficult,
with only a barely visible band in some of the samples
with 40,000 cells. In the spray-fixed, Pap-stained samples,
bands from the longest 760-bp amplicon could be
observed in most samples, even with 5,000 cells as the
input. CytoRich Red preserved the 578-bp amplicon well
but not the 760-bp amplicon. The differences in yield in
favor of ethanol fixation and Pap staining was thus
reflected in higher DNA quality measured as fragment
lengths.

To further test the amplifiability of air-dried and
spray-fixed cytological material, we used an ARMS EGFR
genotyping assay as part of our routine for clinical samples
with a low percentage of neoplastic cells (Table 3). In the
assay, increasing amounts of cells were assayed for 28 dif-

ferent EGFR mutations. To mimic a clinical setting,
DNA from cells with an EGFR exon 19 deletion was
mixed in a 1:20 ratio with DNA from the EGFRwt cell
line used for the initial experiments. The EGFR deletion
was detected in all samples with the exception of those in
which DNA from the EGFRwt cell line only was used as a
negative control for the assay. However, the control Ct,
used to assess whether the specified level of detection of
the assay (1% mutated alleles at a control Ct of 26) was
reached, was consistently lower in DNA from the spray-
fixed cytological material (Table 3). For samples with
5000 to 20,000 cells, the difference exceeded 2 Ct steps,
thereby lowering, in theory, the needed percentage of
mutated alleles needed for detection 22 times when using
ethanol-fixed material.

Finally, we set out to compare the Ct values noted in
the cell line experiments with those observed in the analy-
ses of clinical cytological samples and discover whether
the differences between the fixation/staining methods that
differed the most under controlled conditions also could
be detected in our highly heterogenous clinical material.
Twenty-seven samples that were previously genotyped
with the same EGFR genotyping assay used in the cell line
experiments and for which fixation and staining details
were known were retrieved from our files and the geno-
typing results were compared. Twenty of these cases were
air-dried, demonstrating a mean control Ct of 26.8. The 7

FIGURE 3. Comparison of yields using fixation with isopropa-

nol-based spray (“spray”) or ethanol (EtOH) (90%) is shown.

Cells were stained using the Papanicolaou method and Eco-

Mount (Biocare Medical LLC, Concord, Calif) was used as the

mounting medium. The means and the standard error of the

mean from 2 batches with 3 replicates of each case are shown.

FIGURE 4. Comparison of yields are shown between 2 liquid-

based methods and ethanol (EtOH) fixation, each with nomi-

nally 40,000 cells, stained with hematoxylin and eosin (HTX)

and Papanicolaou (PAP) and with EcoMount (Biocare Medical

LLC, Concord, Calif) used as the mounting medium. Accord-

ing to the manufacturer’s instructions, precoated slides were

used for cells in CytoRich Red, whereas routine slides were

used for the other fixations.
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Preparation of DNA From Cytological Material

Effects of Fixation, Staining, and Mounting Medium on DNA Yield and Quality

Annika Dejmek, MD, PhD1,2; Nooreldin Zendehrokh, PhD1;

Malgorzata Tomaszewska, MSc3; and Anders Edsj€o, MD, PhD1,2,4,5

BACKGROUND: Personalized oncology requires molecular analysis of tumor cells. Several studies have demonstrated that

cytological material is suitable for DNA analysis, but to the authors’ knowledge there are no systematic studies comparing

how the yield and quality of extracted DNA is affected by the various techniques used for the preparation of cytological ma-

terial. METHODS: DNA yield and quality were compared using cultured human lung cancer cells subjected to different prepa-

ration techniques used in routine cytology, including fixation, mounting medium, and staining. The results were compared

with the outcome of epidermal growth factor receptor (EGFR) genotyping of 66 clinical cytological samples using the same

DNA preparation protocol. RESULTS: All tested protocol combinations resulted in fragment lengths of at least 388 base pairs.

The mounting agent EcoMount resulted in higher yields than traditional xylene-based medium. Spray and ethanol fixation

resulted in both a higher yield and better DNA quality than air drying. In liquid-based cytology (LBC) methods, CytoLyt

solution resulted in a 5-fold higher yield than CytoRich Red. Papanicolaou staining provided twice the yield of hematoxylin

and eosin staining in both liquid-based preparations. Genotyping outcome and quality control values from the clinical EGFR

genotyping demonstrated a sufficient amount and amplifiability of DNA in both spray-fixed and air-dried cytological samples.

CONCLUSIONS: Reliable clinical genotyping can be performed using all tested methods. However, in the cell line experi-

ments, spray- or ethanol-fixed, Papanicolaou-stained slides provided the best results in terms of yield and fragment

length. In LBC, the DNA recovery efficiency of the preserving medium may differ considerably, which should be taken into

consideration when introducing LBC. Cancer (Cancer Cytopathol) 2013;121:344–53. VC 2013 American Cancer Society.

KEY WORDS: cytology; cytological techniques; genetic testing; molecular targeted therapy; non-small cell lung cancer;
epidermal growth factor receptor.

INTRODUCTION

As personalized therapy continues to gain ground, molecular pathology (ie, molecular analysis) of tumor cells is
rapidly becoming an integral part of clinical pathology.1 Starting with the effect of imatinib on gastrointestinal
stromal tumors, several tyrosine kinase inhibitors have been introduced for the targeted treatment of tumors.
Because the response to treatment often is predicted by the presence or absence of activating mutations, geno-
typing of the tyrosine kinase family of genes and of genes encoding proteins in downstream signaling cascades
has become an important part of molecular pathology.2 The introduction of epidermal growth factor receptor
(EGFR) and KRAS genotyping to predict response to treatment with therapeutic agents specifically targeting the
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ethanol-fixed samples had a mean control Ct of 26.6. The
cases were too few to assess whether the genotyping out-
come is reasonable, but examining all EGFR assays on
cytological assays performed to date (n566), the percent-
age of EGFR mutations (12%) appears to be similar to
that of histological material and within the range expected
for a Western European population.32

DISCUSSION

The finding that the measured DNA amounts were very
similar at different nominal cell counts gives confidence
to the way in which the nominal cell counts were estab-
lished. The somewhat lower yields at the 5000-cell level
are likely to be caused by adsorption of DNA to surfaces
and similar losses. The absolute amounts per nominal cell
were of a reasonable order. There was a modest variability
from experiment to experiment due to variables that can-
not be explained. However, our results are based on direct
comparisons of the different preparation methods on the
same culture batches and although the average values of
DNA in 2 batches are reported for simplicity in Figures 1
to 4, the effect of the batch was included as a random fac-
tor in the statistical analysis.

The current study is targeted toward the reuse of
routinely acquired cytological material. Obviously, the
choice of the routine sample preparation method in each
laboratory is a cumulative result of experience, not least of
which is familiarity with the morphological features of the
cells in a specific type of sample preparation. To facilitate
laboratory routines and ensure optimal use of the speci-
men, an ideal procedure should be useful for ancillary mo-
lecular techniques without compromising the
morphological quality. The introduction of different fixa-
tives depending on the type of test to be performed would

be a considerable disadvantage because it would lead to
time-consuming verification of quality with respect to
morphology for each new protocol introduced.

One part of sample preparation, which does not
interfere with morphological assessment, is the mounting
medium that is essential for making permanent slides. We
tested 2 different mounting media, Pertex and Eco-
Mount. Pertex is a traditional mounting medium based
on xylene, an aromatic hydrocarbon. The toxicity of xy-
lene has been known since the 1970s and its occupational
hazards are well documented.33 EcoMount is a low-haz-
ard, organic, polymer-based mounting medium used as a
substitute for xylene-based media. We found that the use
of EcoMount improved the yield of DNA (Fig. 1). Thus,
it is preferable for reasons of quality, environment, and
workplace hygiene.

In our cell line experiments, fixation using spray and
ethanol were found to be equally efficient in the extraction
of DNA, and both were significantly better than air-dried
specimens (Figs. 2 and 3). MGG is the traditional routine
staining for air-dried cytological material. Thus, it cannot
be determined whether the poorer results noted with air-
dried MGG-stained specimens are due to the fixation,
staining, or a combined effect of both.

Ethanol-fixed or spray-fixed samples are usually
stained with hematoxylin and eosin or are stained accord-
ing to the Pap method. In the traditionally wet-fixed
sample preparation, we did not observe any difference in
the DNA yield between these 2 stains (Fig. 4). The find-
ing that Pap staining is compatible with DNA extraction
has been amply demonstrated in reports of successful
DNA extraction from Pap-stained cervical cytology
smears (Pap smears) since testing for the human papillo-
mavirus was introduced early in the screening process for
precancerous cervical lesions. It is known that long-term

TABLE 2. Presence of Visible Bands of DNA Fragments in Extracts With Different Fixations (Median Value
of 2 Batches With 3 Replicates Is Shown)a

Nominal
Cell Count

Air Spray CytoRich Red

209 bp 388 bp 578 bp 760 bp 209 bp 388 bp 578 bp 760 bp 209 bp 388 bp 578 bp 760 bp

5000 2 1 21 21 2 2 1 1 2 2 1 0
10,000 2 1 21 21 2 2 1.5 1 2 2 1 .5
20,000 2 1 21 21 2 2 2 2 2 2 1.5 .5
40,000 2 1.5 21 21 2 2 2 2 2 2 1.5 .5

Abbreviation: bp, base pair.
a Scoring: strong band52; distinct band51; indefinite50; no band521.

Cytology Samples, DNA Yield, and Quality/Dejmek et al

Cancer Cytopathology July 2013 349



Molekylær patologi

DNA RNA Protein Funktion / opførsel

Cytology i moderne patologi 



11
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overproduce oncogene proteins?

Hyperactive

protein

Protein

overproduced

Retrovirus life cycle requires

integration into the chromosome

Fig. 1 from Trends in Mol. Medicine 2:43-45 (2003)
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DNA Repair Inhibitors

Vascular Disrupting Agents

Mitotic/Topoisomerase Inhibitors
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Alkylating Agents

Protein Degradation

IGFR Inhibitors

Immunostimulants/Vaccines

EGFR Inhibitors

VEGF Inhibitors
Fosbretabulin (CA4P)

ABT-751

ANG-615

NPI-2358

ASA404

Aflibercept
IVandetanib

ARamucirumab
IXL-647

IAV-951

CT-322

ABevacizumab

Ixabepilone

BI-2536

ARRAY520

Vorinostat

Retaspimycin
Etinostat

AUY922

Everolimus (RAD-001)
Sirolimus (Rapamycin)

Temsirolimus (CCI-779)
Enzostaurin

Deforolimus (AP23573)

AZD-6244 PX-866

OSI-027
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OSI-906
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PF-2341066

MetMab

BHB022

Dulanermin (AMG-951)
A Mapatumumab

AApomab
AMG655

LCL-161

YM-155

I Dasatinib (Sprycel)
AZD-0530

KX2-391

IBrivanib
AV-370

ITKI-258

AG-014699
ABT-888

CS-7017

Phase III
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Cancer Stem Cell Targeting (PPAR, Hedgehog)

IPI-926

XL-281

BMS833923

BIBW2992

I PF-00299804

IBMS-690514

Cisplatin

Carboplatin
Ifosfamide

ACetuximab
I Erlotinib

Docetaxel

Antimetabolites

= SCLC

Etoposide

Gemcitabine

Irinotecan

Paclitaxel

Pemetrexed

Vinorelbine/ Vinblastine

Paclitaxel 
(Albumin B.)

Liposomal Cisplatin

Panobinostat

GDC0449

AMG102

AEG35156

A Bavituximab

I Cediranib

APanitumumab
ANimotuzumab

Matuzumab

Gefitinib

I Sunitinib

Sorafenib
I Axitinib

I Motesanib

A R-1507

XL-228

MKC-1Oblimersen

Cilengitide

Talactoferrin
Sapacitabine

Reolysin
Irvalec (Custirsen)

Mage-A3
Stimuvax
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(agatolimod)
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Imprime PGG

GVAX

CimaVax EGF
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ARC-100

AS-1411

BI-6727

Decitabine

Cositecan

Glufosfamide

Eribulin

I Bosutinib

Kahalalide F

IMO-2055

EC-145

AF-50035

GI4000

KOS-1584
A Lexatumumab
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Lip. PaclitaxelCamptothecin

ISIS-23722
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MDX-1105

AIntetumumab

IE-7080

AMP-001
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IDanusertib

JNJ-26854165

Vical-2 vaccine
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Itipifarnib

Pertuzumab

INeratinib

A Naptumomab

MGCD-0103

AMORab-009

MP-470

V-930VX-001

Vinorelbine (emulsion)

V-935

Crinobulin

Registered

XL-999
IBIBF-1120

I

XL-184 I
I BMS-690514

I Pazopanib

SNX5542

Temozolomide
PicoPt

Obatoclax

AT-101
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PF-00299804 I
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ABT-263
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BEZ-235 / BTGT226 / BKM
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A

I
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Oncomine Comprehensive Assay* Gene List 

DNA Panel RNA Panel 

Hotspot genes, n=73 (hotspot coverage) 

ABL1 
AKT1 
ALK 
AR 
ARAF 
BRAF 
BTK 
CBL 
CDK4 
CHEK2 
CSF1R 
CTNNB1 
DDR2 
DNMT3A 
EGFR 
ERBB2 
ERBB3 
ERBB4 
ESR1 
EZH2 
FGFR1 
FGFR2 
FGFR3 
FLT3 
FOXL2 
GATA2 
 

GNA11 
GNAQ 
GNAS 
HNF1A 
HRAS 
IDH1 
IDH2 
IFITM1 
IFITM3 
JAK1 
JAK2 
JAK3 
KDR 
KIT 
KNSTRN 
KRAS 
MAGOH 
MAP2K1 
MAP2K2 
MAPK1 
MAX 
MED12 
MET 
MLH1 
MPL 
MTOR 

MYD88 
NFE2L2 
NPM1 
NRAS 
PAX5 
PDGFRA 
PIK3CA 
PPP2R1A 
PTPN11 
RAC1 
RAF1 
RET 
RHEB 
RHOA 
SF3B1 
SMO 
SPOP 
SRC 
STAT3 
U2AF1 
XPO1 

Copy gain, n=49 

ACVRL1 
AKT1 
APEX1 
AR 
ATP11B 
BCL2L1 
BCL9 
BIRC2 
BIRC3 
CCND1 
CCNE1 
CD274 
CD44 
CDK4 
CDK6 
CSNK2A1 
DCUN1D1 
EGFR 
ERBB2 
FGFR1 
FGFR2 
FGFR3 
FGFR4 
FLT3 
GAS6 

IGF1R 
IL6 
KIT 
KRAS 
MCL1 
MDM2 
MDM4 
MET 
MYC 
MYCL 
MYCN 
MYO18A 
NKX2-1 
NKX2-8 
PDCD1LG2 
PDGFRA 
PIK3CA 
PNP 
PPARG 
RPS6KB1 
SOX2 
TERT 
TIAF1 
ZNF217 

CDS, n=26 (full gene) 

APC 
ATM 
BAP1 
BRCA1 
BRCA2 
CDH1 
CDKN2A 
FBXW7 
GATA3 
MSH2 
NF1 
NF2 
NOTCH1 
PIK3R1 
PTCH1 
PTEN 
RB1 
SMAD4 
SMARCB1 
STK11 
TET2 
TP53 
TSC1 
TSC2 
VHL 
WT1 

Fusion drivers, n=22  
(183 assays) 

ALK 
RET 
ROS1 
NTRK1 
ABL1 
AKT3 
AXL 
BRAF 
CDK4 
EGFR 
ERBB2 
ERG 
ETV1 
ETV4 
ETV5 
FGFR1 
FGFR2 
FGFR3 
NTRK3 
PDGFRA 
PPARG 
RAF1 

*For Research Use Only.  Not for use in diagnostic procedures. 

Gene list available to customers under CDA only 

For Internal Use Only, Sharing requires CDA 
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CONCLUSIONS:

KEYWORDS:

Cancer. 2017 Jan 13. doi: 10.1002/cncy.21812. [Epub ahead of print]

Next-generation sequencing of liquid-based cytology non-small cell
lung cancer samples.
Reynolds JP , Zhou Y , Jakubowski MA , Wang Z , Brainard JA , Klein RD , Farver CF , Almeida FA ,
Cheng YW .

Abstract
The detection of mutated epidermal growth factor receptor (EGFR) in non-

small cell lung cancer (NSCLC) with residual cell pellets derived from liquid-based cytology
(LBC) samples (eg, endoscopic ultrasound-guided fine-needle aspiration) has been validated
with allele-specific polymerase chain reaction. The aim of this study was to validate next-
generation sequencing (NGS) technology for detecting gene mutations with residual cell pellets
from LBC.

Archived DNA extracted from LBC samples of adenocarcinoma stored in
PreservCyt with a known EGFR mutation status was retrieved. Genomic DNA was multiplex-
amplified and enriched with Ion AmpliSeq Cancer Hotspot Panel v2 chemistry and the OneTouch
2 instrument; this was followed by semiconductor sequencing on the Ion Personal Genome
Machine platform. The mutation hotspots of 6 NSCLC-related genes (BRAF, EGFR, ERBB2,
KRAS, MET, and phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α [PIK3CA])
were analyzed with NextGENe and Torrent Suite bioinformatics tools.

The commonly identified EGFR sequence changes, including 4 L858R mutations, 3
exon 19 deletions, and 1 exon 20 insertion, were in 100% concordance between the assay
platforms. Less common NSCLC variants were also found in the mutation hotspots of ERBB2,
KRAS, MET, and PIK3CA genes.

NSCLC mutation analysis using NGS can be successfully performed on
residual cell pellets derived from LBC samples. This approach allows the simultaneous
examination of multiple mutation hotspots in a timely manner to improve patient care. Cancer
Cytopathol 2017. © 2017 American Cancer Society.

© 2017 American Cancer Society.
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complete and variants were called. The tumor locations
and percentages, identified sequence changes, coverage
depths, and alternative confirmation methods are shown in
Table 2. All samples were multiplexed and sequenced to at
least 100 3 coverage at all hotspot loci within the 6 candi-
date genes in each sample. Among them, only 1 sample
(sample 26) had a less than 100 3 coverage area despite its
average coverage of more than 8003. It is worth noting
that this undercovered area is located at a GC-rich region
within PIK3CA exon 1. In an effort to prepare NGS libra-
ries from other specimen types (eg, formalin-fixed, paraf-
fin-embedded tissue), this region may occasionally
experience lower than expected coverage due to suboptimal
multiplex PCR amplification.

A total of 12 EGFR mutations were identified in the
validation set; they included 4 EGFR exon 19 deletions, 1
exon 20 insertion, and 7 missense changes. In addition,
several common KRAS and BRAF mutations as well as 1
less common MET missense change and an ERBB2 inser-
tion change were also found. These results show that our
NGS data analysis pipeline is optimal with respect to
sequence alignment and variant calling for revealing at least
15-base insertion-deletions (eg, sample 2) in the tumor
DNA. The identified EGFR variants were fully concordant
with the real-time PCR (Therascreen) results determined
previously. For the validity of non-EGFR sequencing

changes, we further examined them with an independent
sequencing-by-synthesis NGS platform (MiSeq). We chose
not to use Sanger sequencing–based methods for the con-
firmation because Sanger sequencing may not detect var-
iants with allelic fractions less than 20%. All identified
sequence changes were fully concordant with the variants
determined by alternative methods.

Intrarun and Interrun Performance

To test the intrarun and interrun sequencing accuracy and
reproducibility, 2 samples (samples 2 and 8 in Table 2)
with relatively low allelic fractions of EGFR mutations
were assayed (Table 3). The EGFR loci were sequenced
deeply to reveal mutations at approximately 5% allelic frac-
tions in NSCLC specimens. For the intrarun testing, these
2 samples were tested in triplicate in the same batch
(library preparation, sequencing run, and data analysis). A
15-base exon 19 deletion (c.2240_2254delTAAGA-
GAAGCAACAT) and an exon 21 missense mutation
(c.2573T>G; p.858L>R) were revealed at average frac-
tions of 5.5% and 9.4%, respectively. These data are con-
sistent with the previously observed allelic burdens of 5%
and 10%, respectively (Table 2). No other sequence
changes were identified in all mutation hotspots of the 6
NSCLC-related genes. Similarly, for the interrun testing,
the aforementioned 2 samples were prepared, sequenced,

TABLE 1. Sequencing Analysis of Hotspot Mutations in BRAF, EGFR, ERBB2, KRAS, MET, and PIK3CA Genes
in the HD200 Positive Control

Allelic Fraction, %

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7
Stated

Fraction Mean SE 95% CI

PIK3CA c.1633G>A, p.E545K 8 9 11 10 8 8 8 9 8.86 0.46 7.96-9.76
PIK3CA c.3140A>G, p.H1047R 17 20 16 18 18 19 19 18 18.14 0.51 17.15-19.14
EGFR c.2155G>A, p.G719S 24 25 24 22 24 23 27 25 24.14 0.59 22.98-25.31
BRAF c.1799T>A, p.V600E 12 12 12 12 12 12 12 11 12.00 0.05 11.9-12.1
KRAS c.38G>A, p.G13D 14 16 13 16 14 17 15 15 15.00 0.53 13.95-16.05
KRAS c.35G>A, p.G12D 5 7 6 5 7 7 8 6 6.43 0.43 5.59-7.27

Coverage Depth, 3

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Mean SE 95% CI

PIK3CA c.1633G>A, p.E545K 1504 1607 1414 1279 1223 1286 1798 1444.43 78.29 1290.99-1597.87
PIK3CA c.3140A>G, p.H1047R 1708 1911 1627 1643 1801 1770 2261 1817.29 82.62 1655.35-1979.22
EGFR c.2155G>A, p.G719S 2188 2592 1962 2149 2017 1619 2563 2155.71 129.30 1902.3-2409.13
BRAF c.1799T>A, p.V600E 1154 1862 1548 1746 1977 1895 2627 1829.86 169.43 1497.79-2161.93
KRAS c.38G>A, p.G13D 1320 2173 1421 1613 2494 2125 2992 2019.71 229.82 1569.27-2470.16
KRAS c.35G>A, p.G12D 1318 2171 1418 1610 2489 2123 2988 2016.71 229.58 1566.75-2466.68

Abbreviations: CI, confidence interval; EGFR, epidermal growth factor receptor; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit a;

SE, standard error.
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PROBLEMATIC ISSUES WITH EXISTING DATA
Some of the essential findings so far reported are 

presented in Table 1.7–20 Data are limited and most remain 
unpublished at the time of writing. Depending on defini-
tions, positivity rates for PD-L1 range from 13% to 70%, 
and correlation between biomarker positivity and treatment 
response rates vary from 13% to 83% depending upon the 
biomarker-defined cohort and therapy used. Most studies 
also report significant response rates (3–20%) in PD-L1 IHC 
negative cases. Most of the studies assess PD-L1 expression 
in tumor cells and regard membrane staining as most sig-
nificant. There is variable interpretation of the intensity and 
distribution of staining and variable definition of a positive 
PD-L1 stain ranging from staining of ≥1% to ≥50% of cells 
assessed. In some cases, the test requires at least 100 tumor 
cells to be assessed.

Biomarker Positivity and Response
The value of the chosen biomarker seems to vary 

in terms of predicting a response to therapy, and in some 
cases this also seems to depend on which line of therapy 
for which the immune checkpoint inhibitory agent is given 
(Table 1). The biomarker test may not represent the true 
PD-L1 status of the tumor, either because of heterogeneity 
of expression and sampling error, or because the test sam-
ple predates earlier lines of therapy (see below). In general, 
however, there is a higher response rate in the PD-L1 posi-
tive population compared with the PD-L1 negative group of 
patients, although in some studies this difference is not sig-
nificant. The presence of patients who respond to therapy, 
in the PD-L1 negative cohort, calls into question the value 
of PD-L1 IHC as a predictive biomarker to select a patient 
subgroup for therapy.

Biomarker Thresholds
Determining the threshold that defines a positive, predic-

tive test is a difficult issue. Thresholds may be predetermined, 
before outcome data are known, or as a more useful approach, 
the response data may be used to indicate the threshold that gives 
best discrimination between responders and nonresponders, or 
between patients who do or do not derive significant survival 
benefit from the therapy. It has, however, been noted that tradi-
tional response evaluation criteria in solid tumors for assessing 
tumor response may not be best suited to assessing clinically 
significant responses to immune checkpoint inhibitor therapy, at 
least in a small proportion of the cases. There is then a potential 
trade-off between improving upon the response rates seen in an 
unselected treated population, the acceptability of this response 
rate in an unselected population versus that seen with standard 
of care treatment, and any considerations to maximize the 
population eligible for treatment. In addition, to date, response 
(overall response rate) alone does not seem to be the best way 
to evaluate the benefit of immunotherapy; this is probably better 
captured by progression-free or overall survival data. Finally, if 
very low staining thresholds such as 1% or even 5% of cells are 
chosen, there is a greater risk that scoring will be inconsistent 
and is more likely to reflect inaccurately the patient’s tumor bur-
den overall, because of heterogeneity.

Heterogeneity and Prior Therapy
Limited data suggest that PD-L1 expression is hetero-

geneous, reflected in low thresholds being used to define 
positive staining. Little is understood regarding the relation-
ship between PD-L1 expression in the primary tumor and 
any metastases. Earlier lines of chemotherapy or targeted 
therapy may well induce PD-L1 expression, consequently 
PD-L1 expression in the original “chemo-naive” diagnostic 
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