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Comparison of cfDNA vs. tumor tissue EGFR mutations based
on 21 mutations analyzed for cfDNA’

TABLE 1. Patient Demographics, Baseline Characteristics, and Efficacy (PFS and ORR) for
Patients with-Samples (cfDNA or Tumor) Evaluable for EGFR Mutation Status Compared
with the Overall Japanese® Study Population (Japanese ITT Population)

Evaluable for EGFR
Mutation Status

Evaluable for EGFR
Mutation Status

Overall Japanese
Study Population

(cfDNA) (n = 194)* (Tumor) (n = 91)° (n = 233)

Demography, n (%)

Female 172 (88.7) 84 (92.3) 204 (87.6)

WHO PS 0/1 185 (95.4) 89 (97.8) 223 (95.7)

Never-smoker 177 (91.2) 83 (91.2) 212 (91.0)

Stage 11IB 66 (34.0) 27 (29.7) 73 (31.3)

Age <65 yr 97 (50.0) 45 (49.5) 121 (51.9)
Efficacy

PFS HR* (95% CI)
ORR OR (95% CI)

0.68 (0.49-0.95)
1.45 (0.80-2.61)

1.08 (0.68-1.72)
0.99 (0.41-2.40)¢

0.69 (0.51-0.94)
1.34 (0.78-2.30)

“ Refers to the country of recruitment and not necessarily to racial origin.
® Includes both mutation-positive and mutation-negative samples.

“HR <1 indicates a difference in favor of gefitinib.

¢ OR >1 indicates a greater chance of response on gefitinib.

¢ These results should be interpreted with caution as the logistic regression model did not converge.
cfDNA, circulating free DNA; CI, confidence interval; EGFR, cpidermal growth factor receptor; HR, hazard ratio; ITT,
intent-to-treat; OR, odds ratio; ORR, objective response rate; PFS, progression-free survival; PS, performance status; WHO, World

Health Organization.

believe that this result was due to the high rate of false
negative results as described later (i.e., this group included
both tumor EGFR M+ and M— patients).

In the cfDNA M+ subgroup, ORR was not signifi-
cantly different in the gefitinib group compared with carbo-
platin/paclitaxel treatment (75.0% [18/24] and 63.6% [14/
22], respectively; odds ratio [OR], 1.71; 95% CI, 0.48—-6.09;
p = 0.40). In the cfDNA M- subgroup, there were no
significant differences in ORR with gefitinib compared with
carboplatin/paclitaxel (27.1% [19/70] and 21.8% [17/78],
respectively; OR, 1.34; 95% CI, 0.63-2.84; p = 0.45) (Figure

4). Again, this subgroup included both tumor EGFR M+ and
M— patients as described later.

The results for clinical outcome by EGFR mutation status
(M+, M—) for the Japanese subset of patients with known
turnor EGFR mutation status (n = 91) are included in Supplemental
Digital Content 2 (Results http:/links.lww.com/JTO/A153).

Comparison of EGFR Mutation Status in
Pretreatment cfDNA and Tumor Tissue

A total of 108 patients had a known mutation result by
cfDNA but not by tumor; 5 patients had a known mutation
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FIGURE 3. Kaplan-Meier curves of progression-free survival in cfDNA EGFR mutation-positive (A) and cfDNA EGFR mutation-
negative (B) patients in the Japanese subset of IPASS. HR <1 indicates a difference in favor of gefitinib. Cl, confidence interval;
cfDNA, circulating free DNA; EGFR, epidermal growth factor receptor; HR, hazard ratio.
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FIGURE 4. Objective response rates by treatment and by
cfDNA (serum) EGFR mutation status (Japanese ITT popula-
tion?). “Refers to the country of recruitment and not neces-
sarily to racial origin. “There was a high rate of false-negative
results, i.e., this group included both tumor EGFR M+ and
M— patients. OR >1 implies a greater chance of response
on gefitinib. OR, Cl, and p values from logistic regression.
¢fDNA, circulating free DNA; Cl, confidence interval; EGFR,
epidermal growth factor receptor; ITT, intent-to-treat; M+,
mutation-positive; M—, mutation-negative; OR, odds ratio.

result by tumor but not cfDNA (no serum sample provided);
and 86 patients had a known mutation status by both tumor
and cfDNA.

Of the 86 patients who had a known tumor and cfDNA
mutation status, no false positives were identified (i.e., no
samples were tumor M— but ¢cfDNA M+). All 22 patients

Copyright © 2011 by the International Association for the Study of Lung Cancer

TABLE 2. Comparison of EGFR Mutation Status in cfDNA
and Tumor Samples in 86 Patients with a Known EGFR
Mutation Status Using Both Methods (Japanese® ITT
Population)

Mutation Status (Tumor Tissue), n

M+ M- Total
Mutation status (cfDNA), n
M+ 22 0 22
M- 29 35 64
Total 51 35 86

Sensitivity = 43.1% (22 ¢fDNA M+ out of 51 tumor M+).2

Specificity = 100% (all 35 tumor M- were cfDNA M—).”

Positive predictive value = 100% (all 22 ¢fDNA M+ were tumor M+).%
Negative predictive value = 54.7% (35 tumor M- out of 64 cfDNA M—).?
Concordance = 66.3% (cfDNA and tumor results agreed in 57 of 86 cases).”*

“ Refers to the country of recruitment and not necessarily to racial origin.

» Those with a known EGFR mutation status using both methods.

< Kappa coefficient 0.38 (95% CI, 0.24-0.53).

cfDNA, circulating free DNA; ClI, confidence interval; EGFR, cpidermal growth
factor receptor; ITT, intent-to-trcat; M+, mutation positive; M—, mutation negative.

identified as cfDNA EGFR M+ were tumor EGFR M+, i.e,,
the positive predictive value was 100% (all samples that were
cfDNA M+ were tumor M+) and the specificity was 100%
(all samples that were tumor M— were cfDNA M—) (Table
2). However, the rate of false negatives was high: 29/51
(56.9%) of patients identified as tumor EGFR M+ were
cfDNA EGFR M— (Table 2).

EGFR Mutation Types in Pretreatment cfDNA
and Tumor Tissue

Of the patients classified as EGFR M+ at pretreatment
by both tumor and cfDNA, all had the same mutation type in
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TABLE 3. EGFR Mutations in Pretreatment cfDNA vs. Tumor Samples (fapanese" ITT Population)

Tumor EGFR Mutation”®

Exon 19 Exon 20 Exon 21 Exon 20 T790M and

c¢fDNA EGFR Mutation Deletions Only T790M Only L858R Only Exon 21 L858R Negative Unknown Total
Exon 19 deletions only 11 0 0 0 0 15 26
Exon 20 T790M only 0 0 0 1 0 1 2
Exon 21 L858R only 0 0 10 0 0 8 18
Exon 20 T790M and exon 21 0 0 0 0 0 0 0
L858R

Negative 18 0 il 0 35 84 148

Unknown 2 1 0 0 ' 2 34 39
Total 31 1 21 1 37 142 233

The categories are mutually exclusive. The categories “Exon 19 deletions and exon 20 T790M” and “Exon 19 deletions and exon 21 L858R” were 0 for both tumor and cfDNA

and have been omitted from the table.
“ Refers to the country of recruitment and not necessarily to racial origin.

® Mutations that were tested in tumor tissue samples but not serum included: exon 20 insertion, exon 21 L861Q, exon 18 G719X, and exon 20 S7681. Two patients with tumor
samples had these mutations (1 with exon 20 insertion and 1 with exon 21 L861Q). These patients were excluded from the comparative analysis of mutation detection by sample

type

cfDNA, circulating free DNA; EGFR, epidermal growth factor receptor; ITT, intent-to-treat.

tumor and cfDNA except one patient who had exon 20
T790M and exon 21 L858R by tumor but exon 20 T790M
only by cfDNA (Table 3).

DISCUSSION

The feasibility of using cfDNA to detect EGFR muta-
tions was assessed in the Japanese subset of patients from the
IPASS study. The proportion of patients identified as EGFR
M+ was lower when assessed in ¢fDNA (23.7%) compared
with tumor tissue (61.5%). Although cfDNA results identified
no false positives, a high rate of false negatives (56.9%) was
observed, with more than half of the tumor M+ patients not
detected by cfDNA testing (of patients with evaluable muta-
tion status from both ¢fDNA and tumor). Further research
into appropriate methods and analysis needs to be performed
before it could be accepted as an option in the diagnostic or
screening setting. If larger patient series confirmed the ab-
sence of false-positive results and demonstrated an improve-
ment or lowering of false-negative results, serum testing may
prove useful for patients for whom tumor samples are not
available.

Testing of biopsied tumor tissue remains the current
recommended method for EGFR mutation analysis.® How-
ever, tumor tissue is often difficult to obtain, particularly from
patients with advanced non-small cell lung cancer (NSCLC),
and a lack of tumor cells in a given sample and subsequently
failure on pathological examination can make EGFR muta-
tion analysis very difficult. The increased recognition of the
relevance of mutation testing to treatment selection may
stimulate efforts to better obtain tissue for EGFR mutation
testing in the future. In the meantime, detection of EGFR
mutation status in ¢fDNA derived from serum/plasma may
allow patients without diagnostic tumor material the oppor-
tunity to benefit from personalized treatment and also has a
use in the clinical trial setting where tumor material is not
always available.

Although minimally invasive, the use of serum as a
nontumor surrogate sample may be limited by the amount of
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cfDNA available in the sample, meaning that some positive
samples are not detected. In addition, some patients may not
have cf tumor DNA as their tumors may not be releasing this
material into the bloodstream, giving rise to false-negative
results. Because of the limited yields of cfDNA obtained
from serum, two changes (in addition to duplicate tests) were
made to the EGFR mutation ARMS kit used to detect EGFR
mutations in this study: an increase in the number of PCR
cycles and an alteration of the cutoffs used to define M+
samples (dCt values). Further analysis is underway to investigate
whether these conditions are the most appropriate and whether
less stringent settings could result in more true positives (fewer
false negatives) while retaining no false positives.

There have been several reports on the detection of
¢fDNA EGFR mutation status using different methods. A
significant correlation between cfDNA EGFR mutation status
and clinical response to gefitinib was found in two previous
small studies that assessed cfDNA EGFR mutation status
using the ARMS method of detection, a highly sensitive (1%
sensitive) targeted technique to detect specific known EGFR
mutations.®!! Other screening techniques detect all EGFR
mutations, known and novel variants, by PCR amplification
followed by sequencing, pyrosequencing, or melt analysis
(10-30% sensitivity).® However, although these methods are
widely used for EGFR mutation analysis of DNA derived
from tumor tissue, not all of these methods have demon-
strated utility for EGFR mutation analysis of cfDNA. In a
small study that used DNA sequencing to detect EGFR
mutations in serum, mutations were more frequently ob-
served in patients experiencing partial response or stable
disease compared with those whose disease progressed, al-
though the difference did not reach statistical significance.!
No statistically significant association between cfDNA EGFR
mutation status and PFS by multivariate analysis (HR, 1.48;
95% CI, 0.93-2.36; p = 0.09) was found in the study by
Rosell et al.2 which assessed EGFR mutations by PCR-based
methods in the presence of a protein nucleic acid (PNA)
clamp in the cfDNA extracted from serum of 164 patients
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treated with erlotinib. In another study that used denaturing
high-performance liquid chromatography to analyze for mu-
tations in exons 19 and 21 from matched plasma and tumor
samples, patients with plasma EGFR mutations had signifi-
cantly higher ORR and prolonged PFS.” The present study
using ARMS demonstrated that the treatment effect for the
Japanese ¢fDNA EGFR M+ subgroup followed the same
pattern as the tumor EGFR M+ subgroup of the overall
IPASS population (i.e., PFS HR significantly in favor of
gefitinib and higher ORR with gefitinib versus carboplatin/
paclitaxel). There was a significant interaction between
c¢fDNA EGFR mutation status and treatment for PFS.

Any variance in concordance rates for mutation results
between pretreatment serum versus tumor tissue (66.3% in
our study and between 58 and 93% in previously reported
studies)”-9-!1! may be attributed to different methods of ex-
traction, detection, run conditions, the size and yield of the
DNA fragments, and the fact that cfDNA may not be present
in the circulation of all patients with NSCLC. For example,
targeted sequences amplified by ARMS are short, at 100150
bp, leading to decreased assay failure rates (particularly from
formalin-fixed paraffin-embedded material or fragments of
cfDNA) compared with sequencing methods, which tend to
involve the amplification of longer target sequences of 150—
250 bp or above.3!3:.1417.18

In patients who were ¢cfDNA EGFR M— in this study, no
significant difference for PFS was seen with gefitinib compared
with carboplatin/paclitaxel; however, the HR was not constant
over time (as was observed for the overall Japanese study
population). These results should be interpreted with caution as
there was a high rate of false negatives, and this subgroup is
likely to include tumor EGFR M+ and M— patients.

In conclusion, these results merit further investigation
to determine whether alternative samples, including serum or
plasma, may be considered for determining EGFR mutation
status in future, particularly in cases where diagnostic tumor
material is not available. Currently, analysis of tumor mate-
rial is the recommended method for determining EGFR
mutation status.
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A biomarker is defined as “a characteristic that is objectively measured and evaluated as an indicator of
normal biologic processes, pathogenic processes, or pharmacologic/pharmacodynamic responses to a
therapeutic intervention”. Various assays, including immunohistochemistry, gene constitution such as
anipliﬁcation. mutation, and rearrangement, gene and protein expression analysis such as single gene
or protein expression, exhaustive analysis and gene or protein signature and single nucleotide polymor-
phism have been used to identify biomarkers in recent years. No therapeutic effects have yet been pre-

Keywords: dicted based on the results of such exhaustive gene analysis because of low reproducibility although
Biomarker . . . .

KRAS some correlate with the prognosis of patients. Biomarkers such as HER2 for breast cancer or EGFR muta-
EGFR tion for lung cancer and KRAS mutation in colon cancer have contributed to identify a patient population

that might show a good and bad treatment response, respectively. On the other hand, other biomarkers
such as ber-abl, c-kit gene mutation and CD20 expression, which are positive for CML, GIST and B cell
lymphoma, respectively, have crucial biological significance but have not necessarily been used for prac-
tical clinical screening since pathological diagnosis coincide with finding of biomarkers. Hence, much

Prognostic factor
Predictive factor
Pharmacogenomics

work remains to be done in many areas of biomarker research.

© 2011 Elsevier Ltd. All rights reserved.

Introduction

Most cancer patients treated with chemotherapy will suffer se-
vere toxicity, because response rates to a single therapy with anti-
cancer drug are much lower than that to therapy for other diseases
and also effective dose levels of anticancer drugs are often close to
or overlap the toxic dose level. Thus, it is important to identify a
patient population that is likely to be responsive to treatment with
anticancer drugs. To address this challenge, various biomarkers
have recently been studied. In addition, molecular-targeted agents
have been extensively developed by many pharmaceutical compa-
nies and some of these agents are currently available in clinical
practice. One group of molecular-targeted agents exert their anti-
tumor activity by modification of a tumor cell-specific target.
Development of biomarkers is necessary for predicting the effects
of these agents on the relevant targets. The goal of the develop-
ment of biomarkers will be to design ways to predict efficacy of
molecular-targeted agents including response rate, progression-
free survival (PFS) and overall survival (OS). If biomarkers allow
us to select a patient population that might show a good treatment
response, they are believed to be beneficial to both patients and
physicians. Furthermore, biomarkers are expected to provide valu-
able information for developing new drugs, thereby reducing
development costs and duration as well as the number of patients

* Tel.: +81 4 7134 6902; fax: +81 4 7131 3212.
E-mail address: nsaijo@med.kindai.ac.jp

0305-7372/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
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enrolled in clinical studies while no reliable biomarkers have yet
been identified for tumor-environment-specific molecular targeted
agents such as antiangiogenic drugs. Recently, biomarker research
has become complicated because of the emergence of molecular
targeted agents with multiple targets. In this review, I will attempt
to discuss current trends and the clinical significance of biomarker
research.

Definition of biomarkers

A biomarker has been defined as “a characteristic that is objec-
tively measured and evaluated as an indicator of normal biologic
processes, pathogenic processes, or pharmacologic/pharmacody-
namic responses to a therapeutic intervention”.’? In routine clinical
oncology practice, patients’ characteristics and findings such as per-
formance status (PS), disease stage, histological type, X-ray, MRI,
CT, scintigram and other laboratory examinations have been as-
sessed as biomarkers. With recent progress in molecular biological
research, various advanced technologies, including pharmacoge-
nomics, such as transcriptomics, proteomics, metabolomics and
molecular imaging, have been introduced in clinical settings to ana-
lyze factors regulating both the effects and the adverse events of
treatments. Furthermore, the following attempts have been made;
understanding the effects of the cancer and the drug actions on
DNA, RNA, proteins and their metabolites, and assessment of the
significance of surrogate endpoint biomarkers as alternatives for
true clinical endpoints. The main purpose of using anticancer drugs
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is to increase total survival time and the complete remission rate.
Under these circumstances, it is important for clinicians to identify
a biomarker that correlates directly with these parameters. In other
words, clinicians need to determine whether the effect on a bio-
marker correlates directly with the effect on a true endpoint.

Necessity of biomarkers and rationale for biomarker research

In general, response rates to anticancer drugs are much lower
than those to drugs for other diseases. Even with limits on the ap-
proved products, the rate of anticancer drug responsiveness is as
low as approximately 20% according to RECIST criteria. These crite-
ria are not strict for evaluating the antitumor activity, because, in
particular, a partial response is defined as at least a 30% decrease
in tumor size sustained for at least 4 weeks with one direction
measurement.”

Success rates in anticancer drug development remain low or
have gradually declined in recent years. Moreover, the price of
newly approved anticancer drugs has been exorbitant due to in-
creases in their development costs. If a patient population that is
expected to show a good response to an anticancer drug can be se-
lected by a reliable biomarker, these problems will be resolved. For
instance, it is known that in trastuzumab-based therapy, HER2-po-
sitive patients had a good response rate of 50%; while those with-
out screening for HER-2 had a poor response rate of only 10%.4

Positioning of biomarkers (diagnostic, prognostic and effect
predictive markers)

Biomarkers basically include tumor markers (including diag-
nostic function tests) and are a characteristic that is evaluated
using pharmacogenomic methods reflecting PK/PD reaction when
administering anticancer drugs. Biomarkers can be divided into
the following three types: (1) diagnostic markers (such as tumor
markers), (2) prognostic markers and (3) predictive markers. Spe-
cial care should be taken to determine whether a certain biomarker
is a prognostic or predictive marker. When a biomarker correlates
with anti-tumor effects including response rate, progression free
survival, time to progression and overall survival, it will be re-
garded as a surrogate endpoint of clinical effect. Such a correlation
between an identified biomarker and clinical effect supports
molecular targeted agents exerting an anti-tumor effect via molec-
ular target modulation. This approach is thought to be translational
studies in United States. Application to biomarker research in anti-
cancer drug development based on pharmacogenetics can gener-
ally be divided into three steps: target identification in the drug
discovery process, elucidation of the action mechanism and identi-
fication of the biomarker. In the process of this research, pre-clin-
ical studies focus on elucidating the in vitro/vivo mechanisms of
action and pharmacogenomic reasons for the toxicities of drugs.
While clinical studies aim to elucidate the in vivo mode of action
and to develop and validate biomarkers. Diligent and intensive re-
search activities are required and validation of biomarker analysis
methods is the most important aspect on these processes.

Conditions of biomarkers

A new biomarker will become beneficial to patients, when new-
er and more important information becomes available as com-
pared with the old prognostic and/or predictive markers used in
current clinical practice. A new technology, regardless of its cost-
saving and user-friendly properties, will be meaningless unless
there is true clinical significance.

Practical questions that clinicians commonly face are as fol-
lows: (1) can data from molecular biomarkers, genomics or proteo-

mics provide more correct information than those from prognostic
and/or predictive markers routinely used in clinical practice? (2)
Can the gene panel or molecular signature be an independent prog-
nostic and/or predictive marker rather than a surrogate marker for
a factor previously used? and (3) why do results from gene predic-
tion differ among researchers?

It is well known that substantial efforts in biomarker validation
are required to use a new biomarker in clinical practice. In such
biomarker validation research, a prospective study design using
high quality tumor samples from patients, who are enrolled in a
controlled clinical study, should be adopted.>® A sufficient sample
size is also necessary to assess the specificity, sensitivity and pre-
dictive values (positive and negative) before developing a hypoth-
esis and the endpoints introduced for biomarker validation.”
However, high quality tumor samples are not consistently col-
lected from all patients enrolled, suggesting that data from tumor
samples of some cases may not reflect data that would be obtained
from the entire patient population. Patients treated with adjuvant
chemotherapy after surgery would be the best subjects for bio-
marker validation, because great amount of tumor samples can
be collected from all such patients.

Henceforth, the clinical significance of new biomarkers should
be evaluated by comparing the predictability between molecular
biomarkers and clinical prognostic factors, therapeutic gain factors
and predictive factors, such as age, sex, clinical stage and type of
tissue, which are routinely used in clinical settings, in such a pa-
tient population.

Classification of biomarkers

In light of the clinical significance, biomarkers could be classi-
fied into the following three groups® (Table 1). First, biomarkers
in Group 1 are known as valid markers which are well known to
correlate with clinical response. This biomarker group includes
expressions of human epidermal growth factor receptor 2 (HER2)
expression for trastuzumab (Herceptin)®'® epidermal growth fac-
tor receptor (EGFR) expression'' and K-RAS mutation'>' for
cetuximab (Erbitux), EGFR mutation for epidermal growth factor
receptor tyrosine kinase inhibitor (EGFR-TKI).'*'* These biomark-
ers are thought to be essential for deciding indication of anticancer
drugs and now used to optimize patient selection when adminis-
tering Herceptin, Erbitux EGFR-TK I in clinical settings. When using
EGFR-TK]I, previous data suggest that patients with EGFR mutations
have high response rates of 70-80% with extremely high predict-
ability. While approximately 10% of patients without this mutation
also show a good response.'®'® Recent IPASS trial, however
showed that response rate of EGFR-wild type patient was only
1% if EGFR mutation was analysed by highly sensitive Scolpion
Arms method.'9?° In addition patient with EGFR mutation showed
an amazingly longer progression free survival when treated by

Table 1
Classification of biomarkers.

Known Valid Biomarkers: Test required
- Accepted by scientific community at large to predict clinical outcome
Her2(Herceptin), EGFR mt(EGFR-TKI), EGFR, KRASmt(Erbitux),
BRCA1&2 mt,def. PARP-inhibitor,
EML4-ALK(ALK-inhibitor),Mamma Print, Oncotype Dx (Chemotherapy)
Probable Valid Biomarkers: Test recommended
— Appears to have predictive value but not yet replicated or widely
accepted
UGT1A1728,"6, (irinotecan), Cytidine deaminase*3(gemcitabine)
Exploratory Biomarkers: (Valid, non Valid) Information only
~ Supported by initial identification data
Genomic & Proteomic predictors
(Single gene:ERCC1,RRM1,MSH2, TS,
Exhaustive Analysis : Gene/Protein Signatures)
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EGFR-TK 1 compared with standard chemotherapy.?’ Thus, there
are following advantages to tests for these biomarkers in clinical
practice: (1) high predictability of cases with high response rates
and (2) optimizing patient selection when administrating
EGFR-TKI in a high risk group. Second, biomarkers in Group 2 are
probable valid biomarkers, which can probably predict good clini-
cal response or adverse events. This group includes UGT1A1*28 or
*6 for irinotecan.>*?3 These marker tests should be conducted be-
fore using these drugs to avoid severe adverse events. The bio-
marker test for UGT1A1*28, however, may not be reliable in
clinical use, because it is based on data that only three of six pa-
tients homozygous for this genotype had neutropenia of grade
42425 Another problem is that it's frequency is very low. Finally,
biornarkers in Group 3 are still in the process of evaluation, and
some have not been validated as yet. This group includes ERCC1
and MSH-2 for platinum-based drugs®®*?, RRM1 for gemcitabine?®,
and thymidylate synthetase (TS) for pemetrexed and fluorinated
pyrimidines.®® Also, majorities of expression profiles of genes and
proteins signature have not been validated.®” Other biomarkers
such as (D20 in B-cell lymphoma, bcr-abl in chronic myeloid
leukemia (CML)or c-kit in gastro intestinal stromal tumors (GIST)
are not always essential for optimizing patient selection when
administering rituximab or imatinib because expression of mark-
ers and the presence of its gene mutation in tumor cell coincide
with results of cytopathological diagnosis. These biomarkers how-
ever, will play an important role in identifying the second mutation
with resistance and finding a compound for a new molecular target
with a mutation in addition to a crucial role to understand biology
of each disease.?

Prognostic versus predictive factors

Prognostic factors are defined as patient- and tumor-side fac-
tors that provide information about the natural histories of dis-
eases, such as survival time after surgery, with no relationship to
treatment. Predictive factors represent patient- and tumor-side
factors that allow clinicians to assess clinical effects of chemother-
apy and molecular targeted agents on response rate and survival
time. For example, if survival times of patients without treatment,
whose performance status (PS) is 0/1 or 2/3, are 6 and 3 months,
respectively, PS will be a prognostic factor. If the survival times
of patients, with PS of 0/1 or 2/3, increase from 6 to 8 months
and from 3 to 4 months with treatment, respectively, both hazard
ratios (HRs) will be 0.75. In this case PS would not be a predictive
factor for clinical effect. Recent studies suggested that gene signa-
ture and proteomics may become prognostic factors for lung can-
cer, breast cancer and colon cancer®**® although there is no
evidence showing either to be a predictive factor for clinical effects.

ERCC1 is known to be a nucleotide excision repair (NER) en-
zyme associated with the repair of DNA damage caused by plati-
num-based drugs.*® In lung cancer field, considerable research on
ERCC1 has been conducted in recent years.*”*® Simon reported
that ERCC1 expression is a prognostic factor of survival in patients
with resected non-smail cell lung cancer (NSCLC) and that those
with resected NSCLC with high ERCC1 expression show better sur-
vival than patients with low ERCC1 expression.>” Lord et al. dem-
onstrated response rate and prognosis to be better in IV-stage
NSCLC patients with low ERCC1 expression than in those with high
expression after cisplatin plus gemcitabine chemotherapy.?® They
also concluded that ERCC1 is a predictive factor for tumor response
to platinum-based chemotherapy. This finding was supported by
results of the IALT study, which demonstrated a correlation be-
tween ERCC1 protein expression and adjuvant chemotherapy re-
sponse. This analysis indicated significant effect of adjuvant
chemotherapy in patients with ERCC1-negative tumors; however,
the survival time of patients with ERCC1-positive tumors treated

by chemotherapy tended to be shorter.?® In a comparison between
patients without adjuvant chemotherapy, survival was longer in
the ERCC1-positive than in ERCC1-negative group.”® On the basis
of these results, that ERCC1 is a tumor cell biomarker has been
established in western countries. Caution, however, is necessary
when interpreting the results of these subgroup analyses. In such
subgroup data, biomarkers can be interpreted as both prognostic
and predictive factors. If a specified subgroup shows response to
chemotherapy, subgroup interaction is considered to be present
in the statistical sense of the term. For example, if the patient sub-
group with ERCC1-negative tumors shows response to adjuvant
chemotherapy while a subgroup with ERCC1-positive tumors does
not show tumor response®®, ERCC1 is interpreted as a predictive
factor. This is statistically called “treatment with baseline covariate
interaction”.

These interactions include quantitative and qualitative interac-
tions. The former interactions originally had the same trend but
different intensities. Thus, each treatment group shows a tumor re-
sponse without notable problems. For interactions between re-
sponse with some drug and marker A, the subgroup with marker
A has a higher response rate while another subgroup without mar-
ker A also shows a response to the agent although the response
rate is low. On the other hand, the latter interactions may differ
in mechanism between subgroups. Careful attention is required
when such a mechanism is observed. Examples include interaction
concerning pemetrexed for subgroups with squamous cell carci-
noma and non-squamous cell carcinoma®*?, interaction concerning
platinum-based chemotherapy for ERCC1-positive and negative
subgroups®®, and interaction in cetuximab therapy for KRAS muta-
tion positive and negative subgroups in colon cancer.*!'*? It must
be determined whether or not these interactions are statistically
significant by testing differences in two hazard ratios. However,
this test power will not be sufficiently robust for the following rea-
sons: (1) there are two sources of variation and (2) sample sizes are
small in subgroups. Thus, tumor responses with treatment in each
subgroup evaluated are likely to be obtained by chance. Data
including ERCC1, KRAS-mutation and histological type should be
evaluated keeping this mind. A recent prospective randomized trial
(COIN trial) in patients with KRAS type could not demonstrate the
survival benefit of cetuximab if combined with FOLFOX regimen.
(Press release)

RRMT1 is associated with nucleoside metabolism and is a molec-
ular target of gemcitabine. It has been reported that this RRM1 is a
positive prognostic factor for early-stage lung cancer. In advanced-
stage lung cancer patients with high RRM1 expression, the tumor
response to gemcitabine + cisplatin combination is low, thereby
showing that RRM1 is a predictive factor for advanced lung can-
cer.”38 A relationship between these factors including the recent
results of MSH2 is similar to that with ERCC1.

A report demonstrated that the KRAS mutation is a predictive
factor for increased survival with adjuvant chemotherapy. In spite
of the relationship between the KRAS mutation and responses to
cetuximab in colon cancer*!*2, KRAS mutation was identified not
as a predictive factor of cetuximab treatment in lung cancer.*> Re-
cent topic is the effect of PARP inhibitor in BRCA1&2 mutant/defi-
cient population. It has been demonstrated that PARP inhibitors
inhibit repair of damaged DNA. PARP inhibitors has showed activ-
ity in those populations of breast and ovarian cancer by itself. PARP
inhibitor has also been identified to be active against triple nega-
tive breast cancer by the combination-with carboplatin and gem-
citabine, both of which are DNA damaging agents.**4¢

Molecular targeted agent development and biomarkers

To establish molecular targeted therapies, the following are re-
quired: (1) validated molecular target; (2) assay that can deter-
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mine expression and activity of target and signaling pathway; (3)
expression in targeted tumors; (4) potent and specific inhibitor
with high pharmacological activity; and (5) proved suppression
targeting human tumors. It is more essential that a target with
over-expression or a mutation should be present in tumor cells,
or that a target is associated with cell proliferation, cell death or
metastatic capacity and target suppression inhibits cell prolifera-
tion or promotion. Biomarkers play a role in monitoring such tar-
gets; however, various challenges remain, including tumor
proliferation, the clinical significance of target related to survival,
the reliability of assay methods for the target (sensitivity, specific-
ity and precision), tissue specificity in targeted expression, hetero-
geneity, availability of tissue (sample) and clinical significance. In
recent years (2001-2006), 67% of FDA approved anticancer drugs
have been molecular targeted agents while only 33% were cytotox-
ics. Among anticancer drugs approved between 2000 and 2005,
37% have a filed application of pharmacogenetic data showing a ra-
pid increase in the proportion of molecular targeted agents.

To use molecular targeted agents more effectively, clinicians
should consider not only pharmacokinetics (PK) and pharmacody-
namics (PD) but also pharmacogenomics (PGx) which lies in the
background of PK/PD. In PK analysis, whether or not a clearance
saturation or protein binding present when Cnax or trough value
reaches to effective blood concentration should be considered. In
PD analysis, general observations include side effects or tumor
reduction. In addition, elimination of target molecular and expres-
sion changes in downstream molecules can be assessed by PGx
methods.

PGx markers are also used to determine whether or not a target
molecule is expressed and to estimate the intensity of tumor re-
sponse to anticancer drugs. Thus, it is essential to evaluate proof-
of-principles (POP), for setting an optimal dosage and its schedule.
For anticancer drugs, in particular, PGx analysis must be performed
in cancer cells themselves, even if excellent PK analysis results are
obtained. This is because such responses to drugs differ between
tumors due to their features.

Application of biomarkers to non-clinical studies can provide
the following advantages: (1) identifying targets for drugs; (2) clar-
ifying the action mechanisms of drugs; and (3) predicting possible
toxicity in humans. At this time, there are very few reliable meth-
ods (biomarkers) to identify responders, and biomarker develop-
ment is needed in the future. The advantages in clinical studies
include: (1) identifying responders and non-responders; (2)
designing a clinical study for only responders; and (3) excluding
patients with possible serious adverse events. Although application
to routine clinical practice has not yet been achieved, identification
of a biomarker that can predict serious a pulmonary fibrosis caused
by EGFR-TKI, such as gefitinib or erlotinib, may lead to the preven-
tion of side effects of the drug. In addition, the advantages of devel-
oping promising biomarkers are: (1) facilitating patient entry into
clinical studies and decreasing the development period; (2) de-
creased sample size and development cost; (3) simplifying GO/
NO GO decision; and (4) decreasing new drug approval period.
The disadvantage of developing biomarkers include: (1) compli-
cated clinical study plan; (2) segmentalizing the market; and (3)
costly study for application of biomarkers.

Design for clinical studies with individualized therapeutics
using biomarkers

Order-made or tailor-made therapy, i.e. individualized thera-
peutics based on pharmacogenomic information, became popular
several years ago. However, only a few individualized therapies
have been applied in clinical practice and there are no comprehen-
sive data from genes and proteins useful for optimizing patient

selection. In this section, several clinical study designs are dis-
cussed for evaluating tailor-made therapies that can optimize pa-
tient selection by using biomarkers.*”S

All comer’s design

The all comer's design has been adopted by most of clinical
studies using biomarkers. This design should be selected, when a
biomarker has not been established or validated. In the study de-
sign, the relationship between presence/absence or higher/lower
levels of biomarkers and the response rates or survival times are
analyzed retrospectively, although positive or negative marker sta-
tus could not be used to randomize patients even if biomarker lev-
els are determined in all the patients enrolled. It is difficult to
conclude that optimizing patient selection on the basis of study re-
sults will lead to increased responses to treatment.

Marker + design

The marker + design has been applied to clinical studies of Her-
ceptin for breast cancer'®, standard chemotherapy versus imatinib
for CML3! and rituximab for B cell lymphoma.*® In a study for B cell
lymphoma, this design is not intended to optimize patient selec-
tion, because the pathologic disease entity is almost always
CD20-positive. Biomarkers used in this study design must be
established and validated. In the IPASS trial using gefitinib, clinical
characteristics are used as biomarkers to optimize patient selec-
tion."® The WJOG and the North East Japan Gefitinib Study Group
conducted a randomized controlled study with selecting patients
with EGFR mutations.”' When both biomarker positive and nega-
tive patients are randomized into treatment and controlled groups,
interactions between the biomarker and response to treatment can
be evaluated.

Marker strategy design

The marker strategy design is an important approach that can
determine whether or not individualized therapeutics based on a
biomarker has clinical significance. Generally, patients are allo-
cated into two groups: the A group is treated with standard che-
motherapy without biomarker measurement and the B group
with biomarker measurement includes B1 (marker-positive) and
B2 (marker-negative) subgroups which are treated with new
agents and standard chemotherapy, respectively. In this study de-
sign, when survival time is significantly longer in the B (B1 +B2)
group than in the A group, the significance of individualized ther-
apeutics can be confirmed. Rosell et al. conducted a clinical study
for the clinical significance of platinum-based chemotherapy based
on the ERCC1 expression level, using this marker strategy design.
In this study, the control group received CDDP + DTX. In the selec-
tion group, however, patients with low ERCC1 mRNA and patients
with high ERCC1 mRNA received CDDP+DTX and DTX+ GEM
(excluding CDDP), respectively. The results showed patients who
were selected based on their ERCC1 mRNA level to show a higher
response rate, although survival times were similar in the two
groups.*® In conclusion, the selection of patients based on their
ERCC1 expressions did not provide a good prognosis with chemo-
therapy for advanced-stage lung cancer, although response rate
was significantly better than control group.

Conclusion

The clinical significance of biomarkers has been recognized
among clinicians. Considerable research on biomarkers has been
conducted in recent years; however established findings are as
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yet limited. Limitations include validation of methods, the feasibil-
ity of obtaining tumor samples and low sensitivity. For examples,
samples could not always be collected from all patients, samples
for determination were not consistently of adequate volume, and
the detection methods were not available at all facilities participat-
ing in the study. The most important issue is whether or not a bio-
marker is validated; if not, various data obtained in clinical studies
will be minimally useful in clinical practice. In order to improve the
results of cancer treatment, reliable biomarkers fully validated in
relation to specific drugs must be established.
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Abstract Bone metastasis is an important factor for
determining the appropriate treatment for patients with
lung cancer. The cross-linked N-terminal telopeptide of
type I collagen (NTx) is a metabolite of type I collagen, the
main constituent of the bone matrix. Urinary NTx is rec-
ognized as a useful marker of bone metastasis, but the
application of serum NTx and its cutoff value for deter-
mining bone metastasis from lung cancer have not been
characterized. We measured serum NTx by enzyme-linked
immunosorbent assay of individuals who underwent stag-
ing during hospitalization for initial treatment of lung
cancer in our department and compared the NTx levels
with the presence of bone metastasis in staging. The study
included 166 patients with lung cancer (128 men and 38
women), including 85 adenocarcinoma, 42 squamous cell
carcinoma, 32 small-cell carcinoma, and 7 other cancer
types. Bone metastasis was present in 73 cases. The aver-
age/median serum NTx of bone metastasis (+) and bone
metastasis (—) was 27.8/23.8 and 17.1/16.5 nmol bone
collagen equivalents/L, respectively. There was an inten-
tional difference with P < 0.001. The cutoff value of the
serum NTx level indicating bone metastasis from lung
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cancer was estimated using the receiver operating charac-
teristics curve. The optimal cutoff value was found to be
22.0 (sensitivity: 61.6%, specificity: 89.2%). The results of
univariate and multivariate analysis revealed that the serum
NTx levels were significantly related to bone metastasis
from lung cancer (P < 0.001). Measurement of serum NTx
levels provides a simple diagnostic marker of bone
metastasis from lung cancer.

Keywords Cross-linked N-telopeptide of type I collagen -
Bone metastasis - NTx - Lung cancer

Introduction

Lung cancer is the leading cause of cancer-related deaths in
Japan and several other countries. Bone metastasis is one of
the most common complications of cancer metastasis,
particularly in lung, breast, and prostate cancer, with rates
of 30-60, 73, and 68%, respectively [1, 2]. Bone metastasis
is an important factor that guides the selection of the most
appropriate treatment for patients with lung cancer, and as
a result, it affects the prognosis as well as the patients’
quality of life.

Bone metastasis is primarily evaluated using bone
scintigraphy, bone radiography, and magnetic resonance
imaging (MRI). More recently, '®F-fluorodeoxyglucose
positron emission tomography (FDG-PET) has been used
for further evaluation. Although bone scintigraphy has high
sensitivity, its specificity is inadequate due to false-positive
results caused by inflammation and traumatic fractures [3,
4]. Furthermore, MRI and FDG-PET are costly and time-
consuming. Therefore, we sought to identify a diagnostic
marker of bone metastasis for convenient clinical use.
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A number of studies have evaluated the urine and blood
levels of bone biochemical markers, including urinary de-
oxypyridinoline (D-PYD), serum pyridinoline cross-linked
C-telopeptide of type I collagen (1CTP), and urinary
pyridinoline cross-linked N-telopeptide of type I collagen
(NTx). It has been demonstrated that these molecules are
useful as markers for detecting bone metastasis by various
cancers [5-7]. However, an appropriate serum NTx level
and cutoff value for the determination of bone metastasis
from lung cancer have not been defined. In this study, we
determined the cutoff value of the serum NTx for bone
metastasis from lung cancer and investigated the relation-
ship between baseline serum NTx levels and bone metas-
tasis from patients with lung cancer.

Patients and methods

The subjects included 166 patients who underwent staging
for the initial treatment of lung cancer during hospitaliza-
tion in our department between September 2008 and Sep-
tember 2010. For each patient, a blood specimen for the
assessment of serum NTx levels was collected early in the
morning on the day after admission. For comparison, serum
alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
calcium (Ca), carcinoembryonic antigen (CEA), cytokera-
tin 19 fragment (CYF), neuron-specific enolase (NSE),
blood urea nitrogen (BUN), creatinine (Cr), total protein
(TP), and albumin (ALB) were simultaneously measured.
We excluded patients with poor renal function, for which
the eGFR (estimated glomerular filtration rate) value at the
time was estimated to be 60 mL/min or less. The serum
NTx level was measured by ELISA.

Bone scintigraphy was used to determine the presence
or absence of bone metastasis. When it was necessary to
obtain a more detailed evaluation for bone metastasis, we
added contrast-enhanced computed tomography (CT) from
the thorax to pelvis, MRI, and FDG-PET.

The “R, ver2.8.1” software program (available at:
http://www.R-project.org; R Foundation for Statistical
Computing, Vienna, Austria) was used to perform the
analysis. The optimal cutoff value was selected by per-
forming a receiver operating characteristic (ROC) curve
analysis of relationship between abnormal serum NTx
values and bone metastasis from lung cancer, and its cutoff
value was used for the evaluations in the subsequent
analyses. Univariate and multivariate analyses were per-
formed using a logistic regression. Only the variables that
were found to have a p value of less than 0.10 in univariate
analysis were included in the multiple logistic regression
analysis. These variables included performance status (PS),
ALB, Ca, ALP, LDH, and NTx. A p value of less than 0.05
was considered statistically significant.
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Results

A total of 166 patients (128 men and 38 women) were
included in the study. The median age was 68 years (range:
23-85 years). The histological classification of the lung
cancers was as follows: adenocarcinoma in 85 cases,
squamous cell carcinoma in 42 cases, small-cell lung
cancer in 32 cases, and large cell lung cancer in 7 cases.
Bone metastasis was present in 73 of the 166 cases. PS was
0in 17 cases, 1 in 86 cases, 2 in 30 cases, and >3 in 33
cases. According to the staging system (TNM Stage Ver.
6), there were 9 stage la-IIb cases, 11 stage IIla cases, 45
stage IIIb cases, and 101 stage IV cases (Table 1).

The mean/median serum NTx values according to the
presence/absence of bone metastasis were 27.8/23.8 nmol
bone collagen equivalents (BCE)/L in the bone metastasis-
positive group and 17.1/16.5 nmol BCE/L in the bone
metastasis-negative group. The differences were significant
(P < 0.001 for both groups).

The ROC curve plotted to determine the relationship
between serum NTx values and bone metastasis revealed
an optimal cutoff value of 22.0 nmol BCE/L and yielded a
sensitivity of 61.6% and a specificity of 89.2%. We also
plotted ROC curves for LDH and ALP. The values of these
parameters are thought to increase in bone metastasis.
These parameters were compared with the ROC curve for
serum NTx. Compared to ALP and LDH levels, the serum
NTx level was found to have a clearly superior correlation
with bone metastasis (Fig. 1).

In this study, we performed a univariate analysis and
multivariate analysis based on the optimal cutoff values
(22.0 nmol BCE/L) of serum NTx on the ROC curves. The

Table 1 Patients characteristics (1 = 166)

Age (years) Median (range) 68 (23-85)

Sex Males
Females

128 (77.1%)
38 (22.9%)
42 (25.3%)
85 (51.2%)
32 (19.3%)

Histological type Squamous cell carcinoma
Adenocarcinoma

Small-cell carcinoma

Other tumor 7 (4.2%)
Stage la-IIb 9 (5.4%)
Hla Il (6.6%)
11Ib 45 (27.1%)
IV bone metastasis positive 73 (44.0%)

IV bone metastasis negative
Performance status (PS) 0

28 (16.9%)
17 (10.2%)
86 (51.8%)
30 (18.1%)
24 (14.5%)
9 (5.4%)
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Fig. 1 The optimal value was selected by a receiver operating
characteristic (ROC) curve analysis of relationship between abnormal
serum NTx values and bone metastasis of lung cancer and compared
to ROC curve of ALP and LDH

parameters of the analysis were age, sex, PS, histological
type, serum NTx value, CEA, CYF, NSE, Ca, ALP, and
LDH.

The univariate analysis revealing albumin, LDH, and Ca
tended to relate to bone metastasis. Furthermore, PS, ALP,
and NTx were found to be significantly related to bone
metastasis. It is especially noteworthy that the NTx values
were closely associated with the presence or absence of
bone metastasis from lung cancer (P < 0.0001) (Table 2).
PS, albumin, ALP, LDH, Ca, and NTx were included in the
multivariate analysis. The results showed that ALP tended
to be associated with bone metastasis, and a particularly
close association was found between serum NTx levels and
bone metastasis from lung cancer (P < 0.0001) (Table 3).

Discussion

The initial diagnosis of bone metastasis is usually made on
the basis of the results of bone scintigraphy, but the use of
this technique is limited because it is costly and has a high
rate of false positives. Furthermore, it is inconvenient to
require the use of radioactive substances. Thus, the
development of a convenient and useful marker of bone
metastasis is imperative. Izumi et al. evaluated bone
metabolism markers, such as D-PYD, 1CTP, and NTx, and
concluded that urinary NTx is the most useful biomarker
for the detection of bone metastasis in patients with lung
cancer [8].

The major collagen in bone is type I collagen, and it
accounts for 90% of the organic chemical components of

Table 2 Univariate analysis in the bone metastasis-positive and bone
metastasis-negative group

Bone metastasis
from lung cancer

Negative (93) Positive (73) P value

Age
<70 60 39 0.581
70< 33 34

Sex
Males 74 54 0.395
Females 19 19

Pathology
Non-small-cell lung cancer 74 60 0.671
Small-cell lung cancer 19 13

PS
0,1 67 36 0.00114
2,3,4 26 37

Total protein
<6.6 [g/dL] 29 28 0.3346
6.6< 64 45

Albumin
<3.4 [g/dL] 16 21 0.0782
34< 77 52

CEA
<5 [ng/ml] 76 43 0.3786
5 < [ng/ml] 17 30

NSE )
<12 [ng/ml] 67 36 0.433
12< 26 39

Cytokeratin 19 fragment
<3.5 [ng/ml] 16 20 0.7916
3.5< 72 52

ALP
<359 [IU/L] 76 43 0.00151
359< 17 30

LDH
<229 [IU/L] 63 40 0.0891
229< 30 33

Ca
<10.2 [mg/dL] 92 68 0.0842
10.2< 1 5

NTx
<22.0 [nmol BCE/L] 82 28 <0.0001
22.0=2 11 45

bone [9]. NTx is one of the degradation products of col-
lagen, formed as a result of bone resorption. It is highly
bone specific and reflects bone resorption by osteoclast-
derived cathepsin K during physiological bone remodeling
[10]. NTx is also produced under conditions such as bone
metastasis by malignant tumors and reflects bone resorp-
tion by matrix metalloproteinase as well. When bone is
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Table 3 Multivariate analysis in the bone metastasis-positive and
bone metastasis-negative group

Bone metastasis Negative Positive P value

from lung cancer

PS
0,1 67 36 0.2274
2,3,4 26 37

Albumin
<3.4 [g/dL] 16 21 0.7916
3.4< 77 52

ALP
<359 [1U/L] 76 43 0.062
359< 17 30

LDH
<229 [IU/L]} 63 40 0.1761
229< 30 33

Ca
=<10.2 [mg/dL] 92 68 0.6943
10.2< 1 5

NTx
<22.0 [nmol BCE/L] 82 28 <0.0001
22,05 11 45

resorbed, NTx is released into the blood and is subse-
quently excreted in the urine. A difference between urinary
NTx levels and serum NTx levels is that urinary markers
are usually impacted by fluctuations in metabolism to a
greater extent than serum NTx because bone metabolism
follows a pattern of being very active during the night and
decreasing in the afternoon. Therefore, bone metabolism
marker values are high at night and low during the day.
Furthermore, the analysis of urinary NTx requires caution
with regard to the timing of specimen collection because
the specimen must be obtained during the first void of the
morning [11, 12]. We therefore thought that serum NTx
levels might be easier to evaluate for an indication of bone
metastasis.

Many clinical studies in which urinary NTx levels were
used as a marker have been reported in the past [13-15];
however, we were unable to find examples of studies of
serum NTx. In our study, the results clearly indicate that
serum NTx levels are more closely related to bone
metastasis than to ALP or LDH, which have been said to
become elevated during bone metastasis [16, 17].

The results of this study suggest that an appropriate
cutoff value of serum NTx is 22.0 nmol BCE/L and that
the analysis of serum NTx levels will provide a simple and
effective diagnostic marker of bone metastasis from lung
cancer.
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Background: The overall clinicopathological features or the optimal therapy for large cell neuroendocrine
carcinoma (LCNEC) have yet to be defined, because LCNEC has not been studied in the same depth as
had small cell lung carcinoma (SCLC) in both clinical and biological standpoints. The aim of this study
was to elucidate the clinical features of high-grade neuroendocrine carcinoma (HGNEC)-probable LCNEC
diagnosed by biopsy, and compare therapeutic efficacy with patients with SCLC.
Methods: We retrospectively examined the chart of total of 25 patients who underwent chemotherapy or
chemoradiotherapy as initial therapy for a histologic diagnosis of HGNEC-probable LCNEC, using biopsy
samples and compared their data with those of 180 patients with SCLC. We analyzed their responses to
chemotherapy and/or radiation therapy and survival outcomes.
Results: In 25 patients with HGNEC-probable LCNEC, 18 patients initially received chemotherapy (17
(94%) of whom received platinum-based chemotherapy) with an overall response rate (ORR) of 61%. The
remaining 7 patients received chemoradiotherapy with an ORR of 86%, and 12 of the 25 patients who
received second-line chemotherapy had an ORR of 17%. A total of 101 patients with SCLC who initially
received chemotherapy had an ORR of 63%, and 79 patients who initially received chemoradiotherapy
had an ORR of 98%, and 102 of the 180 patients who received second-line chemotherapy had an ORR of
45%. The 1-year overall survival rate for patients with stage IV HGNEC-probable LCNEC (n=13) and those
with ED-SCLC (n=280) was 34% and 49%, respectively (p=0.84).
Conclusion: The overall response rate to initial treatment and the survival outcomes of HGNEC-probable
LCNEC were comparable to those of SCLC, but the effectiveness of second-line chemotherapy appeared
to differ between the 2 groups.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

features such as rosette formation, organoid nesting, and palisad-
ing, large tumor cells (typically 3 times larger in diameter than a
small resting lymphocyte) with a low nuclear/cytoplasmic ratio,

Large cell neuroendocrine carcinoma (LCNEC) of the lung and
small cell lung carcinoma (SCLC) are both now considered to be
high-grade neuroendocrine carcinomas arising in the lung. Travis
et al. [1] were the first to propose the term LCNEC in 1991,
to describe cancer which exhibits neuroendocrine morphologic
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numerous nucleoli, a high mitotic rate (>10 in 10 high-power
fields), a large degree of necrosis, and immunohistochemical pos-
itive staining findings for 1 or more neuroendocrine markers [2].
The tumor cells of SCLC are round, oval, or spindle-shaped; usually
less than the size of three small resting lymphocytes, and have scant
cytoplasm, finely granular chromatin, and absent or inconspicuous
nucleoli [2]. The morphologic features of LCNEC differ distinctly
from those of SCLC by definition, however, distinguishing LCNEC
from SCLC based on the tumor cell size and chromatin morphology
may be difficult in some cases.

SCLC has poorer outcome, despite its marked chemosensitiv-
ity, enabling temporary remission in most SCLC patients because
most tumors relapse after chemotherapy or chemoradiotherapy.
The standard therapeutic strategy for SCLC has already been




Table 1
Proposed criteria for diagnosis of pulmonary HGNEC-probable LCNEC using biopsy
specimens.

1. Solid tumor nesting without either acinar or squamous
differentiation

2. Moderate or marked cellular atypia

3. Large cell size with low nuclear to cytoplasmic ratio or moderate

to abundant eosinophilic cytoplasm

4. Vesicular andfor coarsely granular nuclear chromatin

5. Prominent nucleoli

6. Positive immunostaining for one or more neuroendocrine markers
(NCAM, chromogranin A, and synaptophysin)

7 Ki-67/MIB1 labeling index >40%

NCAM, neural cell adhesion molecule; HGNEC, high-grade neuroendocrine carci-
noma; LCNEC, large cell neuroendocrine carcinoma.

established, and second-line chemotherapy has been recognized
to be well-tolerated and effective in patients with chemotherapy-
sensitive SCLC [3-7]. In contrast, the overall clinicopathological
features or the standard treatment for LCNEC have yet to be defined,
because LCNEC has not been studied in the same depth as had SCLC
in both clinical and biological standpoints. Moreover, the incidence
of the pre-therapeutic diagnosis of LCNEC in unresectable cases
is unknown. Although obtaining a definitive diagnosis of LCNEC
using small biopsy specimen is difficult, there is an urgent need
to establish the diagnostic criteria for LCNEC. Therefore, instead
of diagnosing LCNEC, we usually use the term “high-grade neu-
roendocrine carcinoma (HGNEC)-probable LCNEC" based on the
proposed criteria (Table 1).

The aim of this study was to elucidate the clinical features of
unresectable HGNEC-probable LCNEC (HG-pLCNEC) with those of
SCLC, and compare their outcomes.

2. Patients and methods
2.1. Patient enrollment

From January 2002 through December 2009, we retrospec-
tively examined the charts of total of 25 patients with a histologic
diagnosis of HG-pLCNEC, using biopsy specimens. Diagnoses of HG-
PLCNEC were all confirmed by pathological examination on biopsy
specimens according to the modified criteria for the diagnosis of
high-grade non-small cell neuroendocrine carcinoma using biopsy
specimens proposed by Igawa et al. {8] (Table 1). All patients had
undergone a minimum of 1 course of chemotherapy or chemora-
diotherapy asinitial therapy. Furthermore, the data of a total of 180
patients with histologically confirmed SCLC who had completed
a minimum of 1 course of chemotherapy or chemoradiother-
apy were examined as a control group. We used these criteria
because the diagnostic criteria for LCNEC in the third edition of
the World Health Organization (WHO) guidelines, which have been
mainly established for cases of surgical specimens, and fulfilling
the diagnostic criteria for LCNEC according to the WHO classifica-
tion system is often difficult with biopsy specimens. We extracted
the clinical data of patients from their medical records, all of
whom had been given diagnoses of unresectable HG-pLCNEC or
SCLC based on the results of pre-therapeutic evaluation including
physical examination, chest radiography, computed tomography
(CT) of the chest and abdomen, magnetic resonance imaging (MRI)
of the brain, isotopic bone scan, and positron emission tomog-
raphy (PET) or combined PET-CT. Their clinical disease staging
was then reassessed according to the 7th edition of the Interna-
tional Union Against Cancer TNM classification system [9]. Data
collection and analyses were approved by the institutional review
board in December 2010, and the need to obtain informed consent
from patients was waived due to the retrospective nature of the
study.
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2.2. Histopathology

We reviewed all the available pathology slides of biopsy
specimens in this study. After fixing the specimens with 10%
formalin and embedding them in paraffin, serial 4 pm sec-
tions were stained with hematoxylin-eosin (HE). The sections
were reviewed by 2 observers (Y.S. and G..) and we clas-
sified HG-pLCNEC if they fulfilled all the relevant criteria as
described above (Table 1). Ilmunohistochemical analysis was per-
formed to confirm the neuroendocrine features of the specimens.
Formalin-fixed paraffin sections were stained for a panel of neu-
roendocrine markers, including a polyclonal anti-chromogranin A
antibody (Ventana, Arizona), anti-neural cell adhesion molecule
(NCAM) antibody (Nippon Kayaku, Tokyo, Japan), and mono-
clonal anti-synaptophysin antibody (DAKO, Glostrup, Denmark).
Immunohistochemically, neuroendocrine differentiation was con-
sidered to be positive if the tumor cells exhibited focal, patchy, or
diffuse staining in the intracellular areas for one or more of these 3
antibodies. The anti-human Ki-67 antigen was identified by use of a
monoclonal mouse anti-human Ki-67 (clone MIB1) antigen (DAKO,
Glostrup, Denmark). Only nuclear immunostaining was considered
to be positive. The labeling index of Ki-67/MIB1 in each tumor was
estimated as a percentage of positive cells by counting from 100 to
1000 tumor cells.

2.3. Evaluation

Response criteria were evaluated according to the Response
Evaluation Criteria for Solid Tumors (RECIST) guidelines [10].
Patients were evaluated to confirm disease progression or relapse
by physical examination, chest radiography, and CT of the chest and
abdomen. In some patients, we used PET-CT, MRI or bone scintig-
raphy to detect the extent of disease progression.

2.4. Statistical analysis

Survival curves were plotted according to the Kaplan-Meier
method and compared using the log-rank test. Overall survival (0S)
was measured from the first day of treatment to the date of death
from any cause or the date on which the patient was last known to
be alive. All tests were two-sided, and p-values less than 0.05 were
considered to be represent statistically significant difference. We
used Statview 5.0 software (SAS Institute Inc., Cary, NC) to perform
statistical analysis.

3. Results

Overall, 25 patients were recognized to have tumors with histo-
logical characteristics consistent with HG-pLCNEC based on biopsy
specimens. The typical microscopic appearances of the trans-
bronchial biopsy specimens in the current study are shown in Fig. 1.
The tumor cells showed a proliferation of polygonal cells, and a
low nuclear-cytoplasmic ratio, with no differentiation of acinar or
squamoid features (A). Positive immunostaining findings for NCAM
antibody were observed (B), but findings for chromogranin A and
synaptophysin were negative (data not shown). The diagnoses of 17
of 25 patients were obtained by transbronchial lung biopsy, and the
diagnoses of the remaining 8 patients were obtained by CT-guided
needle biopsy.

The characteristics of all the patients examined in this study
are shown in Table 2. Among the 25 patients with HG-pLCNEC,
the median age was 67 years (range 48-83 years), and 22 patients
(88%) were men. Of the 25 patients, all (100%) were current or for-
mer smokers. Stage Ill B was noted in 7 patients (28%), and 13
patients (52%) had stage IV. In the patients with HG-pLCNEC, 18
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Table 2
Patient characteristics.
Characteristics Category HGpL % SCLC %
No. of patients 25 180
Age Median (range) 67 (48-83) 68 (28-84)
Gender Male 22 88 148 82
Female 3 12 32 18
Smoking status Ever 25 100 172 96
Never 0 0 8 4
Clinical stage I 0 0 2 1
it 1 4 12 7
HIA 4 16 37 21
HiB 7 28 39 22
v 13 52 90 50
Initial therapy CcT 18 72 101 56
CRT 7 28 79 44
Tumor marker
NSE Median (NL: <16 ng/ml) (range) 30(10-273) 29 (3-585)

ProGRP median (NL: <46 pg/ml) (range)

234 (10-20,000) 488 (7-18,000)

HGpL, high-grade neuroendocrine carcinoma probable large cell neuroendocrine carcinoma; SCLC, small cell lung carcinoma; CT, chemotherapy; CRT, chemoradiotherapy;

NL, normal level; NSE, neuron-specific enolase; ProGRP, pro-gastrin-releasing peptide.

(72%) received chemotherapy, and 7 (28%) received chemoradio-
therapy as initial treatment.

Among the 180 patients with SCLC, there were 99 patients with
limited disease SCLC (LD-SCLC), and the number with extensive
disease SCLC (ED-SCLC)was 81.The median age was 68 years (range
28-84 years), and 148 patients (82%) were men. Of 180 patients,
172 (96%) were current or former smokers. In the SCLC patients,
101 (56%) patients initially received chemotherapy, and 79 (44%)
patients received chemoradiotherapy.

Of the 25 patients with HG-pLCNEC, 12 patients (48%) received
second-line chemotherapy. The remaining 13 patients did not
receive chemotherapy due to death from disease, adverse events
caused by initial treatment, or no active treatment determination.
Of the SCLC patients, 104 (58%) received second-line chemother-
apy. A diagram of the tumor types and management in patients in
this study is shown in Fig. 2.

Treatments and clinical response are summarized in Table 3.
The regimens of initial treatment chemotherapies are listed in
Table 3(a). Of 18 patients with HG-pLCNEC who initially received
chemotherapy, 17 (94%) received platinum-based chemotherapy,
and the 7 patients who had chemoradiotherapy received platinum-
based chemotherapy and concurrent radiation of 45-60 Gy. Of the
101 patients with SCLC who underwent chemotherapy, the most
frequently administered chemotherapy regimen was carboplatin
and etoposide (n=42), and the second most frequent was cisplatin
and etoposide (n=23).

Among the 18 patients with HG-pLCNEC initially receiving
chemotherapy, 1 achieved a complete response (CR) and 10
achieved a partial response (PR), with an overall response rate
(ORR) of 61% (Table 3(b)). One patient with CR and 4 patients with
PR received cisplatin and irinotecan. There were 2 PRs observed
in the patients treated with carboplatin and paclitaxel, and 1 PR
was observed in each group of patients treated with either cisplatin
and vinorelbine, cisplatin and docetaxel, cisplatin and amrubicin,
or irinotecan alone. Among the 7 patients with HG-pLCNEC ini-
tially receiving initially chemoradiotherapy, 6 achieved PR, with
an ORR of 86%. In the patients treated with cisplatin and vinorel-
bine, 3 PRs were observed while 2 PRs were observed in the patients
treated with cisplatin and etoposide, and 1 patient achieved PR with
carboplatin and etoposide.

Among the 101 patients with SCLC initially receiving
chemotherapy, 2 achieved CR and 62 patients achieved PR,
with an ORR of 63%. Among the 79 patients with SCLC initially
receiving chemoradiotherapy 21 achieved CR and 56 patients
achieved PR, with an ORR of 98%.

The regimens of second-line chemotherapies are listed in
Table 3(c). The following chemotherapy regimens were used in 12
patients with HG-pLCNEC: amrubicin alone (n=4), docetaxel alone
(n=3), cisplatin and irinotecan (n=3), carboplatin and etoposide
(n=1), and cisplatin and irinotecan and etoposide (n=1). In 102
patients with SCLC who received second-line chemotherapy, the
frequent administered chemotherapy regimen was cisplatin and
irinotecan (n=34), and the second most frequently administered
was amrubicin alone (n=18).

Among the 12 patients with HG-pLCNEC receiving second-
line chemotherapy, 2 patients achieved PR, with an ORR of 17%
(Table 3(d)). One patients achieved PR in each group of patients
treated with cisplatin and irinotecan, and carboplatin and pacli-
taxel. Among the 102 patients with SCLC receiving second-line
chemotherapy, 4 achieved CR and 41 patients achieved PR, with an
ORR of 45%. These results indicate that the effectiveness of second-
line chemotherapy appeared to differ between HG-pLCNEC and
SCLC patients in the present study, but the difference was statis-
tically not significant (p=0.12).

Fig. 3 shows the OS curves for the stage IV HG-pLCNEC and
ED-SCLC groups. The 1-year OS rate for patients with stage IV HG-
pLCNEC was 34%, and that for patients with ED-SCLC was 49%, with
no statistically significant difference (p=0.84).

4. Discussion

We set out to determine the clinical features of HG-pLCNEC and
other related tumors diagnosed by biopsy specimens and com-
pare these with those of SCLC. We also examined the efficacy
of chemotherapy or chemoradiotherapy between HG-pLCNEC and
that of SCLC. Little is known about the optimal treatment strategy of
LCNEC because most publications concerning LCNEC are based on
surgical materials, with limited cohort data [11-13]. From a treat-
ment point of view, it is imperative to establish the appropriate
definitive diagnostic criteria based on the examination of biopsy or
cytologic specimens, and then evaluate the efficacy of chemother-
apy or chemoradiotherapy for those patients with unresectable
tumors.

It is often difficult to diagnose LCNEC with small biopsy spec-
imens, because of the possibility of crushed remnants of tissue
artifacts due to insufficient specimen size, and some morpholog-
ical overlap regarding cell size or nucleus size between SCLC and
LCNEC [14]. In order to resolve this histological ambiguity in neu-
roendocrine carcinoma cases with regard to a diagnosis of LCNEC
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Fig.1. Abiopsy specimen diagnosed as HGNEC-probable LCNEC. (A) The histological
features of HGNEC-probable LCNEC are shown with hematoxylin-eosin (HE) stain-
ing. The tumor cells are large, with a proliferation of polygonal cells, and have a low
nuclear-cytoplasmic ratio, with no differentiation of acinar and squamoid features
(400x ). (B) Positive staining for neural cell adhesion molecule (NCAM).

or SCLC, many researchers have performed immunohistochemistry
or molecular analysis [15-18]. Hiroshima et al. reported that the
frequencies of the expression of CD56, mASH1, TTF-1, and p16
were higher and that of NeuroD was lower in SCLC than in LCNEC
in immunohistochemical analysis. The authors stated that LCNEC
and SCLC are different morphologically, phenotypically, and genet-
ically, although there are some overlapping features [15]. Nitadori
et al. performed tissue microarray analysis of surgically resected
LCNEC and SCLC specimens using 48 antibodies, and demonstrated
that significant expression of CK7, CK18, E-cadherin, and B-catenin
is more characteristic of LCNEC than of SCLC, suggesting that LCNEC
and SCLC have a different biologic phenotype [17]. Ullmann et al.
examined comparative genomic hybridization for LCNEC and SCLC,

25 180
HGNEC-probable LONEC SCLC (LD 99,ED 81)

/ AN

18 K 101 79
Chemothrapy CRT Chemotherapy | | CRT

! !

Initial therapy

Second-line
chemotherapy

HGNEC: high-grade neuroendocrine carcinoma, LONEC: large cell
neuroendocrine carcinoina, SCLC: small cell lung carcinoma,
LD: limited disease, ED: extensive disease, CRT: chemoradiotherapy

Fig. 2. The characteristics of patients enrolled in this study.
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Fig. 3. Overall survival (OS) curve for stage IV HGNEC-probable LCNEC and ED-SCLC
groups. The 1-year overall survival rate for patients with stage IV HGNEC-probable
LCNEC was 34%, and that for patients with ED-SCLC was 49% (p=0.84).

and reported that there were differences in the expression at 3q,
6p, 10q, 16q, and 17p [19]. On the other hand, jJones et al. demon-
strated that cDNA microarrays gene expression profiles showed
LCNEC was not differently clustered from SCLC, but different from
large cell carcinoma or other NSCLC histology [20]. Although the
clinicopathological features of LCNEC were similar to those of SCLC,
and there is a histological ambiguity with regard to a diagnosis of
LCNEC or SCLC, some biological behaviors of LCNEC were different
from those of SCLC. Because there is actually the difficulty regarding
the use of kinds of imuunohistochemical antibodies in daily prac-
tice, we have used the unique diagnostic criteria for HG-pLCNEC
developed specifically for biopsy specimens by Igawa et al. [8].
However, lung cancer including LCNEC diagnosed by biopsy materi-
als might not be representative of the whole tumor characteristics,
particularly in heterogeneous cancers. Combinations with SCLC do
occur, but such tumors are classified as combined variants of SCLC.
Therefore, when using only biopsy materials for diagnosis, mis-
diagnosis may be unavoidable. The HG-pLCNECs examined in the
present study might be mostly LCNECs and other related tumors,
which included combined subtypes or other histological types, and
excluded pure SCLC. This is one of the potential limitations of the
present study.

To the best of our knowledge, there are few retrospective stud-
ies on the therapeutic efficacy of chemotherapy and/or radiation
therapy for LCNEC [8,21,22], and this is the first study to examine
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Table 3
Treatments and clinical response.

(a) Initial therapy and chemotherapy regimens

HGpL SCLC
No. of patients 25 180
Initial therapy
Chemotherapy (%) 18(72) 101 (56)
CDDP+CPT-11 8 21
CDDP+VNR 4 0
CBDCA+PTX 2 0
CBDCA+ETP 1 42
CDDP+DTX 1 0
CDDP+AMR 1 2
CPT-11 1 0
CDDP+ETP 0 23
Others 0 13
Chemoradiotherapy (%) 7(28) 79 (44)
CDDP+VNR 3 0
CBDCA+ETP 2 5
CDDP+ETP 2 72
Others 0 2

(b) Clinical response after initial therapy

HGpL (n=25) SCLC (n=180)
Initial therapy Chemotherapy  CRT Chemotherapy  CRT
only only

No. of patients 18 7 101 79
CR 1 0 2 21
PR 10 6 62 56
SD 5 1 19 2
PD 2 0 12 0
NE 0 0 6 0
Response rate (%) 11/18(61) 6/7(86) 64/101(63) 77(79 (98)
(c) Second-line chemotherapy regimens

HGpL SCLC
No. of patients 12 102
AMR 4 18
DTX 3 0
CDDP+CPT-11 3 34
CBDCA+ETP 1 12
CDDP+ETP+CPT-11 1 11
CDDP+ETP 0 10
Others 0 17
(d) Clinical response after second-line chemotherapy
Response HGpL(n=12) SCLC(n=102) p-Value
CR 0 4
PR 2 41
SD 4 16
PD 6 42
NE 0 1
Response rate (%) 2/12(17) 45/102 (43) 0.12

HGpL, high-grade neuroendocrine carcinoma probable large cell neuroendocrine
carcinoma; SCLC, small cell lung carcinoma; CDDP, cisplatin; CPT-11, irinotecan;
VNR, vinorelbine; CBDCA, carboplatin; PTX, paclitaxel; ETP, etoposide; DTX, doc-
etaxel; AMR, amrubicin; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; NE, not evaluable; CRT, chemoradiotherapy.

second-line chemotherapeutic efficacy. In the current study, the
majority of patients with HG-pLCNEC were predominantly men,
smokers, with elevated NSE and ProGRP values. These resemble
the clinical features of those of SCLC, similarly to several pre-
vious reports regarding the clinicopathological characteristics of
LCNEC [11,12]. We obtained a response rate to initial chemother-
apy of 61% and that to chemoradiotherapy of 86% in patients with
HG-pLCNEC, which was similar to those of SCLC. The survival of
patients with stage IV HG-pLCNEC was also similar to that of ED-
SCLC patients. Considered together, these results suggest that there
was no statistically significant difference in the initial treatment

efficacy between the HG-pLCNEC and SCLC groups. Some authors
have reported no statistically significant difference in survival out-
come between LCNEC and SCLC [11,13], whereas the survival of
patients with surgically resected LCNEC is reported to be inter-
mediate between that of atypical carcinoid and SCLC [23]. Many
authors reported that survival in LCNEC was poorer than that in
stage-matched NSCLC, and adjuvant therapy might be effective in
cases of early stage LCNEC [24-27].

The present study showed that the ORRs of second-line
chemotherapy were 17% and 45% for patients with LCNEC
and SCLC, respectively. In patients with SCLC, the prognosis
at relapse is poor, and response to second-line chemother-
apy correlates with response to first-line therapy and also to
the interval between first-line chemotherapy and disease pro-
gression. Second-line chemotherapy has been recognized to be
well-tolerated and effective, with an ORR of 15-88% in patients with
chemotherapy-sensitive SCLC [3-7]. The present study suggested
that chemotherapeutic efficacy in patients with HG-pLCNEC might
be lower than in those with SCLC, even though the chemothera-
peutic regimens were heterogeneous. The number of patients with
HG-pLCNEC in this study was too small to draw any definite con-
clusion in terms of differing benefits of chemotherapy regimens for
NSCLC and SCLC, or a possible difference in second-line chemother-
apeutic sensitivity between LCNEC and SCLC. However, although
LCNEC is categorized as a NSCLC, molecular findings in SCLC and
LCNEC showed some differences but much overlap, and overall
clinicopathological features and the initial treatment response of
LCNEC in our study or several published articles suggest that these
tumors would be better classified as a high-grade neuroendocrine
tumor comparable with SCLC, suggesting that chemotherapies
using an SCLC-based standard protocol might be effective and sig-
nificantly improves the survival of patients with LCNEC compared
with those using a NSCLC-based protocol [12,24,26].

In conclusion, these results, although limited, that the clini-
cal efficacy of initial chemotherapy and/or radiation therapy for
patients with HG-pLCNEC is similar to that of SCLC, and there might
be a different sensitivity to second-line chemotherapy between
HG-pLCNEC and SCLC. Improved diagnostic criteria, specifically
developed for biopsy specimens, are needed to analyze the biolog-
ical behavior of LCNEC. Moreover, prospective additional studies
in a larger series are clearly mandatory to confirm our data, and
the role of a therapy strategy with SCLC-based regimens deserves
sensitivity to chemotherapeutic agents and the optimal treatment
protocol.
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Quantitative Detection of EGFR Mutations in Circulating
Tumor DNA Derived from Lung Adenocarcinomas
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Abstract

Purpose: Examination of somatic epidermal growth factor receptor (EGFR) mutations is now a
diagnostic routine for treatment of cancer using EGFR tyrosine kinase inhibitors (EGFR-TKI). Circulating
tumor DNA is a promising target for noninvasive diagnostics. We evaluated its utility by quantitatively
detecting activating and resistant mutations, which were measured with BEAMing (beads, emulsion,
amplification, and magnetics).

Experimental Design: Twenty-three patients with lung cancer with progressive disease after EGFR-TKI
treatment and 21 patients who had never been treated with EGFR-TKIs were studied. Their primary tumors
were confirmed to have activating mutations. In the plasma DNA of each patient, the activating mutation
found in the corresponding primary tumor and the T790M resistance mutation were quantified by
BEAMing.

Results: In 32 of 44 patients, activating mutations were detected in the plasma DNA [72.7%; 95%
confidence interval (CI), 58.0%-83.6%]. The T790M mutation was detected in 10 of 23 patients in the first
group (43.5%; 95% Cl, 25.6%-53.4%). The ratio of T790M to activating mutations ranged from 13.3% to
94.0%. The peak of the distribution of the mutation allele fraction in the plasma DNA was in the 0.1% to 1%
range.

Conclusions: The major advantage of BEAMing is its ability to calculate the fraction of T790M-positive
alleles from the alleles with activating mutations. This feature enables the detection of increases and
decreases in the number of T790M mutations in cancer cells, regardless of normal cell DNA contamination,
which may be useful for monitoring disease progression. Circulating tumor DNA could potentially be used
as an alternative method for EGFR mutation detection. Clin Cancer Res; 17(24); 7808~15. ©2011 AACR.

7808

introduction

The strong effects of epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (EGFR-TKI; i.e., gefitinib
and erlotinib) on non-small cell lung cancer (NSCLC) are
correlated with activating somatic mutations in the epider-
mal growth factor receptor (EGFR; refs. 1-3). Patients sub-
jected to these drugs are currently selected on the basis of the
presence of these activating mutations. In addition, a muta-
tion known as T790M has been identified as a cause of
gefitinib resistance (4, 5). The T790M mutation appears in
about half of the cases of acquired resistance to EGFR-TKIs.
Detection of T790M may have prognostic value in the
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patients with acquired resistance to EGFR-TKIs, because the
presence of T790M defines a clinical subset with a relatively
favorable prognosis and more indolent progression (6).

Detecting EGFR mutations using turmor tissues obtained
via a biopsy or surgical resection is now routinely used to
diagnose NSCLC. Because a biopsy is an invasive procedure,
it is desirable to replace it with a noninvasive procedure. In
particular, noninvasive tests allow the frequent monitoring
of disease progression in patients with the T790M mutation
(7).

For some time, circulating nucleic acids in the plasma or
serum have been considered to be candidates for noninva-
sive cancer diagnostics (8, 9). In particular, circulating
tumor DNA (ctDNA) has been explored to detect somatic
mutations derived from malignant tumors. For example, in
2 studies, somatic mutations in ctDNA were used to mon-
itor disease status with the appearance of target mutations
(10, 11). One major problem is that detecting rare mutant
alleles is technically difficult. Diehl and colleagues used
their proprietary technique called BEAMing (beads, emul-
sion, amplification and magnetics; ref. 12) to measure
somatic mutations in ctDNA and monitor the tumor bur-
den during the course of the disease. In BEAMing, PCR
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