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Table 3

Summary of cases of tumor seeding

No. Age Sex Size (om) Location Distance from Co-axial No. of Technique of Size of the
plevra (mm) method biopsy biopsy needle

1 72 M 30 Right upper 0 No 1 Core biopsy 18G

2 73 M 30 Left lower 30 Yes 3 Core biopsy 18G

3 71 M 10 Right upper 20 No 2 Aspiration biopsy 222G

4 30 F 28 Left upper 76 No 2 Core biopsy 18G

5 69 M i5 Right lower 0 No 2 Core biopsy 21G

6 77 M 12 Right upper 30 Yes 2 Core biopsy 20G

rate of 0.06%, which also shows no major difference from
the previously reported complication rate. However, in the
present study, there were several cases of severe compli-
cations including cardiac and respiratory arrest, and shock,
which can be secondary to air embolism, although it is very
difficult to confirm air embolism in the coronary artery in
cases of myocardial infarction when the patient has not been
scanned at the level of the heart. It is speculated that concur-
rent cough during the procedure has ahigh possibility of an air
embolism misplacing the biopsy needle into the large vessel
adjacent to the pulmonary lesion. Among the total of six cases
with air emboli in the present study, two cases demonstrated
biopsied pulmonary lesions localed close to the large vessels,
however the remaining four cases have no closerelation to the
large vessels. There were no reports of coughing during the
procedure in any of the cases complicated by air embolism.
Airembolism even occurred in a case in which the nodule was
very near the pleura (case no. 5). In our study, all cases with air
emboli had undergone CT-guided biopsy using a core biopsy
needle of 18-20 gauge, which is greater in diameter than the
usually used fine aspiration needles. Having said that, in the
previous reviews, most cases with air emboli were biopsied
by fine aspiration needles, and there are two prior reports
of air embolism following CT-guided lung needle marking
using thin needles without recent biopsy {24-26].

Tumor seeding into the needle tract seems to be a rare
possibility in several case reports {27-34]. There were six
cases (0.06%) of tumor seeding in our study, which is a rel-
atively high frequency compared to previous studies [5,35].
The true incidence of tumor seeding along the needle may
be underestimated as not all cases can be diagnosed, and
many patients die before these metastases become clinically
apparent. Tumor seeding appears to depend on the size of the
needle, therefore large-bore needles carry arelatively greater
risk of tumor seeding, however tumor seeding following a
fine needle aspiration was reported in one case of our study.
It is thought that CT-guided biopsy performed using the Co-
axial method has less frequency of tumor seeding as the outer
cannula minimizes direct contact of the tumor cells with the
biopsy route. Surprisingly, tumor seeding occurred in two
cases using the Co-axial method. We speculate that the outer
cannula was not appropriately placed.

Unfortunately, there were seven patieats (0.07%) who
died in our study due to complications in the CT-guided
needle biopsy. Greene {[6] estimated the mortality rate
associated with fine needle aspiration to be 0.02%, how-
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ever Richardson et al. {8] reported eight deaths (0.15%)
in their study due to complications in CT-guided nee-
dle biopsy. Most of the deaths in.the present study were
attributed 1o fatal air embolism. Three cases of air embolism
that were treated with hyperbaric oxygen recompression
were recovered without sequela, which may suggest hyper-
baric oxygen recompression therapy is effective for treat-
ment of air embolism, and for reducing the mortality
rate.

Our study has several limitations, including selection bias,
the long period of the study, multi-center analysis with a large
variety of techniques and CT scanners, and the possibility of
missing or misdiagnosing significant complications such as
the number of air emboli and tumor seeding. Moreover, our
study is a retrospective questionnaire-based analysis rather
than a prospective survey.

In conclusion, this is the first nation-wide study document-
ing severe complications with respect to CT-guided needle
biopsy in Japan. The complication rate in Japan is compara-
ble to internationally published figures. We believe this data
will improve both clinicians as well as patients understand-
ing of the risk versus benefit of CT-guided needle biopsy,
resulting better decisions.
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Abstract

Muzations of the epidermal growth factor receptor
(EGFR), particularly deletional mutations (DEL) in
exon 19 and L858R in exon 21, are reportedly
correlated with clinical outcome in patients with
non—small cell lung cancer (NSCLC) receiving the
EGFR tyrosine kinase inhibitors gefitinib and erlotinib,
suggesting that detection of EGFR mutations would
have an important role in clinical decision making. We
established and validated an easy, inexpensive, and
rapid method for detecting DEL and L858R from
cytologic material by high-resolution melting analysis
(HRMA). Dilution for sensitivity studies revealed that
DEL and L858R were detectable in the presence of at
least 10% and 0.1% EGFR-mutant cells, respectively.
We analyzed 37 archived cytological slides of
specimens from 29 patients with advanced NSCLC and
compared the results with direct sequencing data
obtained previously. Of 37 samples, 34 (92%) yielded
consistent results with direct sequencing, 2 were false
negative, and 1 was indeterminate. The sensitivity of
this analysis was 90% (19/21) and specificity, 100%
(15/15). These results suggest that HRMA of archived
cytologic specimens of advanced NSCLC is useful for
detecting EGFR mutations in clinical practice.
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Increased expression of epidermal growth factor receptor
(EGFR) has been reported in carcinomas of various organs,
including of the lung, and has been shown to have a crucial
role in tumor progression.!? Gefitinib (Iressa, AstraZeneca,
Osaka, Japan) is an orally active, selective EGFR tyrosine
kinase inhibitor that binds to the adenosine triphosphate bind-
ing pocket of the kinase domain and blocks downstream sig-
naling pathways. Clinical phase 2 studies have demonstrated
gefitinib antitumor activity in patients with advanced
non—small cell lung cancer (NSCLC).3* Although some of
these studies have shown that the rate of response to gefitinib
is higher in women, patients with adenocarcinoma, patients
who have never smoked, and Japanese and East Asians, 35 no
predictive molecular marker had been discovered until April
2004, when somatic mutations in the kinase domain of EGFR
were suggested to be correlated with gefitinib sensitivity,57
Thereafter, several studies revealed a strong association
between EGFR mutations and clinical outcome in parameters
such as response rate, time to progression, and overall survival
in consecutive NSCLC patients treated with gefitinib.510

Many types of EGFR mutation have been identified.>!6
They are concentrated in exons 18 to 21 of EGFR, close to the
region encoding the adenosine triphosphate binding pocket,
and about 90% of patients with EGFR mutations have muta-
tions in 2 hotspots: in-frame deletions including amino acids
at codons 747 to 749 (DEL) in exon 19 and a missense muta-
tion at codon 858 (LL858R) in exon 21.

The mutational status of EGFR, especially DEL and
L858R, is a strong predictor of gefitinib sensitivity, and detec-
tion of such mutations would provide patients and physicians
with important information for optimal choice of therapy.
Therefore, analysis of a sufficient number of tumor samples in
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good condition and direct sequencing after laser capture
microdissection (LCM) is considered the “gold standard” for
detecting EGFR mutations. However, this approach is not nec-
essarily practical for clinical use for a number of reasons.
First, tumor samples with a large volume and in good condi-
tion are difficult to obtain in most cases of advanced NSCLC.
Second, LCM and direct sequencing require special instru-
ments and are time-consuming and costly. Therefore, it is nec-
essary to establish practical and precise methods for detecting
EGFR mutations from easily obtainable diagnostic samples,
which usually contain a small number of tumor cells and a
large number of normal cells.

The real-time reverse transcription-polymerase chain
reaction (PCR} assay has been reported for detection of EGFR
mutations.!” In this method, many samples can be genotyped
within a few hours without the need for post-PCR sample
manipulation, although expensive fluorescence-labeled probes
and restriction enzymes are needed. A new inexpensive dye,
SYBR Green I, has been developed,'® but this limits the melt-

ing resolution because of dye redistribution during melting.
' Recently, studies have validated the usefulness of high-res-
olution melting analysis (HRMA) using LCGreen 1 dye for
mutational analysis,'%?? and another study has validated analy-
sis using cytologic samples for c-kit.2* The advantages of this
approach are that labeling of either primer with dye is not need-
ed and PCR amplification and melting analysis can be per-
formed in the same capiliary tube, minimizing sample handling
and reducing the possibility of error and sample contamination.
HRMA is easy, rapid, and inexpensive to perform and has con-
siderable potential for mutation detection in clinical practice.

We report a new method for detecting DEL and L858R
from archival Papanicolaou-stained cytologic slides by
HRMA. We validated the method by comparing the results
with direct sequencing data from specimens surgically resect-
ed from the same patients. We also performed a titration assay
to evaluate the lower limit of the proportion of tumor cells for
detection of EGFR mutations by using a mixture of wild-type
(WT) and EGFR-mutant lung cancer cell lines.

Materials and Methods

Cell Lines and Titration Assay

We performed dilution for sensitivity studies using 3 lung
adenocarcinoma cell lines, NCI-H1650, NCI-H1975, and
NCI-A549, obtained from the American Tissue Cell
Collection (Manassas, VA). The H1650 cell line contains a
DEL mutation (delE746-A750), the H1975 cell line contains
the L858R mutation,* and the A549 cell line contains WT
EGFR.% EGFR copy numbers in the H1650, H1975, and A549
cells are reported to be 2, 3, and 2.48 per cell, respectively,2526

© American Society for Clinical Pathology
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Dilutions of the EGFR-mutant cells (H1650 or H1975) with
A549 cells were prepared using proportions of EGFR-mutant
cells of 100% (no A549 cells), 10%, 1%, 0.1%, and 0% (no
mutant cells). DNA extracted from each dilution was subject-
ed 10 subsequent PCR assay.

DNA Extraction From Archived Cytologic Slides

With approval of the National Cancer Center Institutional
Review Board, Tokyo, Japan, we performed EGFR gene
analysis. Among the 66 cases analyzed in a previous study,
diagnostic Papanicolaou-stained cytologic samples were
available for 29. Of the patients, 5 had multiple (2 to 4)
metachronous samples, and the total number of available cyto-
logic samples was 37. Two clinical cytologists (K.N. and
K.T.), who were unaware of the patients’ characteristics and
mutational status, examined these 37 samples. Cytologic
parameters described for each slide included sampling proce-
dure, approximate number of nucleated cells on each slide
(<100, 100-499, 500-999, 21,000), and proportion of tumor
cells among total nucleated cells (<10%, 10%-49%, 50%-
89%, >90%). After this assessment, DNA was extracted from
the cells on the slides using a QlAamp DNA Micro Kit (cata-
log No. 56304, QIAGEN, Valencia, CA) as follows:
Coverslips were removed by immersion in xylene for 72
hours, and the slides were rinsed in 95% ethanol 3 times. Cells
on the slides were removed by using sterilized disposable
knives and suspended in ATL buffer containing Proteinase K
in 1.5-mL tubes. Further procedures were performed accord-
ing to the manufacturer’s protocol.

In 2 samples with a small proportion of tumor cells,
tumor cell-rich parts on the slides were marked with a dia-
mond pen and selectively retrieved manually with a knife to
enrich the proportion of turnor cells.

Polymerase Chain Reaction

Primer A was designed to amplify a region containing
nucleotides 2235 to 2277 (amino acids E746 t01759) of EGFR,
in which almost all reported deletional mutations in exon 19
occur.5'6 The sequences of primer A were AAAATTCC-
CGTCGCTATC (forward) and AAGCAGAAACTCACATCG
(reverse). Primer B was designed to amplify a region contain-
ing nucleotides 2573 and 2582, at which point mutations
L858R and L861Q in exon 21 occur, respectively. L858R and
L861Q account for about 96% and 2%, respectively, of all
reported point mutations in exon 21.5'6 The sequences of
primer B were AGATCACAGATTTTGGGC (forward) and
ATTCTTTCTCTTCCGCAC (reverse).

PCR ‘was performed using these primers, Fast Start Tag
Polymerase (Roche Diagnostics, Indianapolis, IN), and
LCGreen I Gene Scanning Reagents (Idaho Technology, Salt
Lake City, UT) on a LightCycler (Roche Diagnostics). The sam-
ples were denatured at 95°C for 10 minutes and then subjected
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to 37 cycles of denaturing for 10 seconds at 95°C, annealing
for 10 seconds at 60°C, and extension for 5 seconds at 72°C
with primer A and 45 cycles of denaturing for 10 seconds at
95°C, annealing for 5 seconds at 56°C, and extension for 5
seconds at 72°C with primer B.

High-Resolution Melting Analysis

The PCR products were denatured at 95°C for 5 minutes
and cooled to 40°C in the LightCycler to form heteroduplex-
es. The LightCycler capillary was transferred to an HR-1
(Idaho Technology), an HRMA instrument, and heated at a
transition rate of 0.3°C per second. Data were acquired and
analyzed using the accompanying software (Idaho
Technology). After normalization and temperature-adjustment
steps, melting curve shapes from 78.5°C to 85.5°C were com-
pared between samples and control samples. Human Genomic
DNA (Roche Diagnostics) was used as a control sample with
wild-type EGFR.

Direct Sequencing .

In a previous study, we performed direct sequencing of
EGFR in 66 cases of NSCLC that relapsed after primary sur-
gery. Methanol-fixed, paraffin-embedded surgical specimens
of primary NSCLC were obtained, and DNA was extracted
from laser capture microdissected tumor tissue. Nested PCR
was performed to amplify exons 18 to 24 of EGFR using

primers described previously.? Direct sequencing of the PCR
products was performed using the ABI PRISM 3700 and 3100
DNA sequencers (Applied Biosystems, Foster City, CA).

Results

In the melting analysis using primer A (exon 19), 100%
H1650 cells (EGFR DEL) gave a skewed curve from 100%
AS549 cells (EGFR WT). Mixtures of both cells gave gradual
curves, and DEL could be detected in the presence of 10% but
not 1% H1650 cells BFigure 1AK. In the analysis using primer
B (exon 21), 100% H1975 cells (EGFR L858R) gave a left-
shifted curve from 100% A549 cells. Mixtures of both cells
gave gradual curves, and L858R could be detected in the pres-
ence of 0.1% H1975 cells §Figure 1B1.

We analyzed 37 archival cytologic samples from 29
patients by HRMA, and the results are summarized in ¥Table
18, in comparison with the results obtained by direct sequenc-
ing from surgically resected specimens of each patient. Eleven
samples were obtained by bronchial brushing or washing, 4 by
transbronchial fine-needle aspiration (FNA), 4 by percutaneous
FNA of lung tumors, 2 by FNA of superficial lymph nodes, 14
from pleural effusion, and 2 from pericardial effusion. The
median time between sampling and analysis was 3 years
(range, 1-8 years).
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WFigure 108 Adjusted melting curves obtained by high-resolution melting analysis of lung adenocarcinoma cells with primers
designed to detect mutations in epidermal growth factor receptor (EGFR) exon 19 (A) or exon 21 (B). A, Mixtures of H1650 cells
{EGFRPEY) and A549 cells (EGFRVT) revealed gradual curves; 100% and 10% H1650 cells were identified as containing a DEL
mutation, and 1% H1650 cells were identified as wild type. B, Mixtures of H1975 cells (EGFR.%8R) and A549 cells (EGFRVT)
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In the analysis of exon 19, thorough melting curves
were obtained in 35 samples, whereas the other 2 samples
(5 and 21) could not be analyzed. because PCR was not
complete in these cases. Among the 35 samples, 12 gave
curves that were different from a WT obtained for cell line
A549, as shown in BFigure 2AN, and 23 samples revealed
almost the same curves with a WT BFigure 2Cl (Figure 2A).
Because the skewed curves for the 12 samples were analo-
gous to the curve for H1650 cells, we judged that they had
DEL. In the analysis of exon 21, 7 and 2 samples gave left-
and right-shifted curves from a WT, respectively, and 28
samples gave almost identical curves with a WT §Figure 2B1
and BFigure 2DR. Because the left-shifted curves of the 7
samples were analogous to the curve for H1975, we judged
that they had L858R.

Anatomic Pathology / ORIGINAL ARTICLE

As mentioned previously, 2 samples (21 and 25) showing
right-shifted curves were considered inadequate for evaluation
because of incomplete PCR (Figures 2C and 2D). Taken
together, DEL was detected in 12 samples (8 patients) and
1.858R was detected in 7 samples (6 patients) among 37 sam-
ples (29 patients). Samples 5 and 25 were insufficient for
Jjudging genotypes of 1 hotspot but judged as containing muta-
tions in the other hotspot (L858R and DEL, respectively).
Therefore, the genotype was indeterminate in only 1 sample
(case 21) and determined as WT in 17 samples (14 patients).
Analysis of the 5 cases with multiple (2 to 4) metachronous
samples revealed no differences of genotype in each case.

The results of HRMA were consistent with those of
direct sequencing in all samples except samples 19 and 20
(Table 1), which revealed WT curves by HRMA, although

KTable 18
HRMA Results for 37 Archival Cytologic Samples From 29 Patients
Mutational Analysis by HRMA
Histologic Sampling No. of Proportion of Cancer Mutational Analysis

Sample No. Type Method Nucleated Cells  Cells/Nucleated Cells (%) DEL L858R by Direct Sequencing

1 Ad TBAC 21,000 290 WT L858R L858R

2 Ad PAC 500-999 290 WT L858R L858R

3 Ad BC 500-999 - 290 wWT L858R L858R

4 Ad BC 500999 . 1049 DEL WT dellL747-E749

5 Ad 8C 500-999 © . 5089 NE L858R L858R

6 Ad BC 21,000 . <10 WT WT WT

7 Ad BC 100-498 290 WT WT T WT

8 Ad LN 21,000 50-89 WT WT WT

9a Ad BC 500-999 50-89 WT WT WT

9b BC 600-999 280 wWT WT WT

9 BC 100-499 <10 WT WT WT
10 Ad PL 21,000 1049 DEL WT delE746-A750
11a Ad PL 21,000 290 WT L858R L858R
1b PL 500-999 50-89 WT L858R L858R
12 Ad PL 21,000 <10 WT WT WT
13 SCC PAC 500-999 50-89 WT WT WT
14a Ad PC 21,000 50-89 DEL WT delE746-A750
14b PL 500-999 50-89 DEL WT delE746-A750
14c PL 21,000 50-89 DEL WT delE746-A750
14d PL 500-999 1049 DEL WT delE746-A750
15a Pleo BC 100-499 50-89 DEL WT delE746-A750
15b 8C 500-999 50-89 DEL WT delE746-A750
16 Ad PAC 100-499 10-49 WT WT WT
17 Ad PL 500-999 50-89 WT L858R L858R/E709K
18 Ad TBAC 600-999 290 WT WT WT
19 Ad PL 21,000 10-49 WT WT* L858R/S768I
20 Ad PL 21,000 <10 WT wrt!t L8S8R
21 Ad " LN 100-499 280 NE NE delE746-A750
22 Ad PL 21,000 <10 WT WT WT
23 Ad TBAC 500-999 280 DEL WT delE746-A750
24 Ad PL 21,000 50-89 WT WT WT
25 Ad PL 100-499 <10 DEL NE delE746-A750
26a Ad TBAC 500-999 50-89 WT WT WT
26b . PL 21,000 <10 WT WT WT
27 Ad PAC 21,000 50-89 WT WT WT
28 Ad PC 500-999 50-89 DEL WT delE746-A750
29 Ad BC 100-499 50-89 DEL WT delE746-A750

Ad, adenocarcinoma; BC, bronchial brushing or washing cytology; DEL, deletional mutation; HRMA, high-resolution mclting analysis; LN, finc-ncedle aspiration cytology of
superficial lymph nodes; NE, not evaluable; PAC, p finc-ncedle aspiration cytology; PC, pericardial effusion; PL, pleural cffusion; Pleo, pleomorphic carcinoma;
, 5 cell i s TBAC, bronchial fine-needle aspiration cytology; WT, wild type.
° WT after tumor ccli-cnrichment procedure.
t L858R after tumor celi-cnrichment procedure.
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¥Figure 28 Adjusted melting curves of DNA extracted from archived cytologic slides in the analysis of epidermal growth factor
receptor (EGFR) exon 19 (A) and exon 21 (B). Samples 4, 10, 14a-d, 15a-b, 23, 25, 28, and 29 were identified as containing
deletional (DEL) mutations, and samples 1, 2, 3, 5, 11a-b, and 17 were identified as containing the L858R mutations. € and D,

The curves of 3 samples (19-21) are shown in € (DEL) and D (L858R), but the curves were not obtained in 2 samples (5, DEL;
25, L858R) because of incomplete polymerase chain reaction.
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surgical specimens from the same patients showed the L858R
mutation by direct sequencing. Thus, the results for these sam-
ples were considered false-negative. The cytologic appear-
ances of these samples are shown in Blmage 18. Sample 20
contained only a small proportion (<10%) of cancer cells in a
background of numerous benign nucleated cells, possibly
explaining the false-negative result. In fact, we were able to
detect the L858R mutation after tumor cell enrichment by
manual dissection in sample 20. However, this was not the
case for sample 19, which contained a moderately small pro-
portion (10%-50%) of cancer cells, and the result remained
negative even after tumor cell enrichment.

In summary, we identified DEL or L858R in 19 samples
(14 patients) and WT EGFR in 15 samples (12 patients) accu-
rately by HRMA, but 2 samples (2 patients) gave false-nega-
tive results and 1 sample (1 patient) was indeterminate.
Accuracy was 92% (34/37) based on the number of samples
and 90% (26/29) based on the number of patients. Among the
36 samples in which the genotype was determined, sensitivity
was 90% (19/21) and specificity was 100% (15/15), or 88%
(14/16) and 100% (12/12), respectively, based on the number
of patients. These data indicate that this new method is useful
for clinical decision making, especially when a patient is
given a positive result.

Discussion

In the present study, we established and validated a new
method for detecting 2 major EGFR mutations (DEL and
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L858R) using HRMA for cytologic samples. In a study using
a cell line, the sensitivity of HRMA indicated that if at least
10% of cells in a sample were cancer cells, then both DEL and
[.858R were detectable. L85S8R was detectable even in 0.1%
of L858R cells, whereas DEL could not be detected in 1% of
DEL cells. Although the reason for this difference is unclear,
the sensitivity is still sufficiently high for application to clini-
cal practice.

We performed the HRMA using archival cytologic sam-
ples from 29 patients with NSCLC, and the results were quite
consistent with the data obtained for the corresponding 26
cases by LCM plus direct sequencing, which were performed
in a previous study.® The HRMA was completed in 8 of 9
tumor samples with known DEL mutations, and all 8 samples
were identified as having DEL. DEL was detected accurately
even in sample 25, in which tumor cells accounted for fewer
than 10% of the cells on the slides. In the analysis of archived
cytologic samples, no marked difference in detection accura-
cy was observed between DEL and L858R.

Two samples that contained a relatively small proportion
of tumor cells gave false-negative results for L858R; one of
these (sample 20) gave a positive result after tumor cell
enrichment, but the other (sample 19) did not. The sensitivity
of this analysis was 88% (14/16) based on the number of
patients, and it increased to 94% (15/16) if tumor cells were
enriched in the samples with a small proportion of tumor cells.
These results indicate that cytologists will be required not only
to diagnose whether samples are benign or malignant but also
to evaluate whether they are suitable for molecular analysis.

Mlmage 18 Samples 19 (A) and 20 (B) show a few cancer cells in a background of many normal nucleated cells. L858R was not
detected in these samples by high-resolution melting analysis {HRMA), although direct sequencing showed that DNA extracted
from surgical specimens from the same patients had L858R. After retrieving tumorrich parts selectively, L858R was detected by
HRMA from a cytologic slide obtained simultaneously with sample 20, but this was not the case with sample 19 {x10). Insets,
The tumor showed 3-dimensional clusters with nuclear atypia compatible with adenocarcinoma (x40).
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The mutational status of EGFR is a strong predictor of
gefitinib sensitivity, and detection of such mutations would
provide patients and physicians with important information
for optimal choice of therapy. However, mutation detection
has not become a common procedure in clinical practice
because it often is difficult and impractical. Direct sequenc-
ing, which is a standard method for detecting mutations,
requires high-quality DNA extracted from an adequate
amount of pure tumor cells to obtain precise data and is cost-
ly and time-consuming.

Many researchers have tried to establish new methods for
detecting EGFR mutations using small tumor samples con-
taminated with normal cells. To date, a number of nonse-
quencing methods for detecting mutations have been suggest-
ed, such as single-strand conformation polymorphism,'>?
restriction fragment length polymorphism,?% PCR amplifi-
cation of specific alleles (also known as amplification refrac-
tory mutation system and allele specific amplification),30-32
peptide nucleic acid-mediated PCR clamping,*34 peptide
nucleic acid-locked nucleic acid PCR clamping,? denaturing
gradient gel electrophoresis,® temperature gradient capillary
electrophoresis,?”8 denaturing high-performance liquid chro-
matography,®% and high-density oligonucleotide arrays.*!
Some of these methods have been reported to give good
results for detection of EGFR mutations!>23540; however,
they often require intensive labor or sophisticated instruments
and, therefore, have not been adopted in clinical practice.

HRMA is one of these new methods and has the advan-
tage of being able to distinguish specific mutations from the
WT sequence with less labor, time, and cost; PCR and the
melting analysis can be performed in the same capillary tube
within a few hours, and the running cost is only about $1 (US)
per sample.

Detection of DEL and L858R using HRMA is accurate
even when archived cytologic samples are used. Because
HRMA involves little labor, time, and cost, it is expected to
become one of the most practical and useful methods for
detecting major EGFR mutations in cytologic materials from
patients with NSCLC.
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Dimerization and the s1gnal transduction pathway of a
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A short, in-frame deletional mutant (E746-A750del) a
major mutant form of EGFR in non-small cell lung
cancer, and has been reported to be a major determi-
nant of response to EGFR tyrosine kinase inhibitors
such as gefitinib and erlotinib. However, the biological
and pharmacological functions of mutational EGFR
remain unclear. The aim of this study is to clarify
whether it is constitutively active or not and whether
alteration occurs downstream of the intracellular sig-
naling.

PRINCIPAL FINDINGS

1. A short, in-frame deletional mutant (E746-A750del)
induced dimerization and phosphorylation of EGFR
without any ligand stimulation

To determine the biological functions of deletion mu-
tant (E746-A750del) EGFR, we used the stable trans-
fected cells of wild-type and deletion mutant of EGFR.
Previously, we demonstrated that the 293(D) cells trans-
fected with the deletional EGFR were hypersensitive to
EGFR-targeted tyrosine kinase inhibitors such as ge-
fitinib and ZD6474 as compared with the 293(W) cells
transfected with wild-type EGFR. Dimerization and
phosphoryladon of EGFR in these cells were deter-
mined by using chemical cross-linker and by immuno-
blot analysis (Fig. 1). No expression of EGFR dimer or
monomer was detected in the 293(M) cells. Increased
dimerization and phosphorylation of the deletional
EGFR with a molecular weight of ~400 kDa were
detected without EGF stimulation in the 293(D) cells.
When stimulated with the EGF, increased dimerized
and phosphorylated EGFR were observed in the
293(W) cells, whereas no response of EGFR to EGF was

0892-6638/06/0020-0311 © FASEB
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observed in the 293(D) cells. The ratio of dimerized to
monomeric EGFR in 293(W) and 293(D) cells was
anatyzed densitometrically (Fig. 1, right). The dimer/
monomer ratio in the 293(W) cells was markedly
increased (~3-fold) by addition of EGF. Under un-
stimulated conditions, the dimer/monomer ratio of
the 293(D) cells was higher than that of the 293(W)
cells and the ratio was unchanged by addition of EGF.
These results suggest that the cells expressing the
wild-type of EGFR responded to EGF for their dimer-
ization and phosphorylation and that the .deletional
mutant of EGFR was dimerized and phosphorylated
constitutively without any ligand stimulation.

2. p44/42 MAPK and AKT pathways are activated
in the cells expressing deletional EGFR
without ligand stimulation

We examined the phosphorylaton status of p44/42
MAPK and AKT that are major downstream targets of
EGFR in the transfectants. Even under unstimulated
conditions, increased phosphorylation of p44/42
MAPK and AKT was observed in the 293(D) cells. In the
293(W) cells, increased phosphorylation of p44/42
MAPK and AKT was observed with the addition of EGF
but p44/42 MAPK was remarkably phosphorylated. On
the other hand, no increased phosphorylation of
p44/42 MAPK and AKT was observed with the addition
of EGF in the 293(D) cells. This result suggests that the
p44/42 MAPK and AKT pathways are activated in cells
expressing the deletional EGFR without ligand stimu-
lation.

! Correspondence: Shien-Lab, Medical Oncology, National
Cancer Center Hospital, Tsukiji 5-1-1, Chuo-ku, Tokyo 104-
0045, Japan. E-mail: knishio@gan2.res.nce.go.jp
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Figure 1. Dimerization and phosphorylation of wild-type EGFR and deletional EGFR A. The 293 cells transfected with the empty
vector (293(M)), wild-type EGFR (293(W)), and deletional EGFR (293(D)) were treated with or without EGF (10 ng/mL) for
10 min after serum starvation. After two washes with icecold PBS(+), monolayer cells were incubated with the chemical
cross-linking reagent BS® (1.5 mM) in PBS(+). Glycine (20 mM) was added for an additional 5 min to terminate the reaction.
The lysates (twenty pg protein) were subjected to 2-15% SDS-PAGE followed by immunoblot analysis using anti-EGFR and
anti-phospho-EGFR. Right panel: ratio of dimerized to monomeric EGFR.

3. Gefitinib inhibited the AKT signaling pathway more
strongly than the p44/42 MAPK signaling pathway

We next determined the action of EGFR-targeted ty-
rosine kinase inhibitor gefitinib on downstream of
deletional EGFR (Fig. 24). In the 293(W) cells, phos-
phorylation of p44/42 MAPK was not inhibited by
exposure to a low dose of gefitinib (0.01 pM) but
phosphorylation of AKT was inhibited by exposure to
gefitinib (~70%, Fig. 2C). In contrast, exposure to
gefitinib decreased phospho-EGFR in the 293(D) cells.
Phosphorylation of AKT was completely inhibited by
0.01 uM gefitinib exposure (~99%, Fig. 2C), whereas
inhibition of p44/42 MAPK phosphorylaton was not
remarkable in the 293(D) cells (~20%, Fig. 2B). These
data suggest that gefitinib inhibited the AKT signaling
pathway more strongly than the p44/42 MAPK signal-
ing pathway in the cells expressing the deletion mutant
EGFR.

A
Figure 2. Effect of gefitinib on phosphorylation Gefitnib -
of EGFR, p44/42 MAPK, and AKT in the EGFR Time (h)
transfected 293 cells. A) The 293(M), 293(W),
and 293(D) cells were incubated with gefitinib  Phospho-EGFR
(0.01 pM) for 3 h or 12 h under nonstarved
conditions. After two washes with icecold EGFR
PBS(+), monolayer cells were lysed. Equivalent
amounts of protein were separated by 2-15% Phospho-
gradient SDS-PAGE for EGFR or 10-20% for ~ PH/A4ZMAPK
pd4/42 MAPK, phospho-p4¢'1/42 MAI:"K, AKT, p44/42 MAPK
and phospho-AKT, then subjected to immuno-
blot analysis. B) Histogram of the degree of Phospho-AKT |

p44/42 MAPK activation expressed as phospho-
p44/42 MAPK per total p44/42 MAPK C)
Histogram of the degree of AKT activation
expressed as phospho-AKT per total AKT.
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4. AKT pathway was activated in the PC-9 cells
expressing deletional EGFR intrinsically

To examine whether increased phosphorylation is also
observed in the lung cancer cells intrinsically express-
ing deletional EGFR, we monitored the phosphoryla-
tion of EGFR and its related molecules in the PC-9 cells
expressing deletional EGFR by using a beads-based
mulitiplex assay. We found increased phosphorylation of
EGFR and downstream molecules of AKT pathway includ-
ing IxB-a in PC9 cells. This finding is consistent with the
result of the previous experiments with the 293(D) cells. It
is suggested that AKT pathway is activated in the cells
expressing deletional EGFR intrinsically.

CONCLUSIONS AND SIGNIFICANCE

To clarify the function of deletional EGFR, we used the
cell transfectants with deletional EGFR {293(D)] that is
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Wild-type EGFR

Survival
Cell proliferation

hypersensitive to tyrosine kinase inhibitors (e.g.,
gefitinib). We detected significantly higher levels of
dimerization and phosphorylation of deletional
EGFR without any ligand stimulation in the cells
deletional EGFR. Increased phosphorylation of
p44/42 MAPK and AKT was observed in the 293(D)
cells. These results suggest that deletional EGFR is
constitutively active. When the 293(D) cells were
exposed to gefitinib (0.01 wM), AKT phosphoryla-
tion was completely suppressed, suggesting that de-
letional EGFR signaling inclines toward the AKT
pathways. A summary of characteristics of deletional
EGFR is shown in Fig. 3.

FUNCTION OF AN EGFR IN-FRAME DELETION

468

Deletion-mutant EGFR

Figure 3. Function of deletional EGFR. Wild-
type EGFR is dimerized and phosphorylated by
EGF the wild-type EGFR and MAPK and AKT
pathways are activated. The deletion mutant
EGFR is dimerized and phosphorylated without
EGF. Both MAPK and AKT pathways are acti-
vated; but phospho-AKT was inhibited by TKI
predominantly in the cells expressing dele-
tional EGFR. MEK, MAP kinase/extracellular
regulated kinases; PISK, phosphoinositide-3-ki-
nase; TKI, tyrosine kinase inhibitors.

An additional experiment using a PC-9 lung cancer
cell line intrinsically expressing deletional EGFR con-
firmed the gain of function of deletional EGFR and
actvated AKT signaling pathway.

Results from this study have provided the under-
standing for biological functions of deletional EGFR
and cellular hypersensitivity to the EGFR-targeted ty-
rosine kinase inhibitor.

Now over 30 types of mutation have been reported in
clinical lung cancer specimens. We will examine the
biological function of other types of EGFR mutants
differentially, with the aim of selecting clinically mean-

ingful mutations.
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Docetaxel Consolidation Therapy Following Cisplatin,
Vinorelbine, and Concurrent Thoracic Radiotherapy in
Patients with Unresectable Stage Il Non-small
Cell Lung Cancer

Ikuo Sekine,* Hiroshi Nokihara,* Minako Sumi,} Nagahiro Saijo,f
Yutaka Nishiwaki,§ Satoshi Ishikura,|| Kiyoshi Mori,§ Iwao Tsukiyama,#
and Tomohide Tamura*

Background: To evaluate the feasibility and efficacy of docetaxel
consolidation therapy after concurrent chemoradiotherapy for unre-
sectable stage [II non-small cell lung cancer (NSCLC).

Patients and Methods: The eligibility criteria included unresect-
able stage 11l NSCLC, no previous treatment, age between 20 and 74
years, and performance status 0 or 1. Treatment consisted of cispla-
tin (80 mg/m? on days 1, 29, and 57), vinorelbine (20 mg/m? on days
1, 8,29, 36, 57, and 64), and thoracic radiotherapy (TRT) (60 Gy/30
fractions over 6 weeks starting on day 2), followed by consolidation
docetaxel (60 mg/m? every 3 to 4 weeks for three cycles).
Results: Of 97 patients who were enrolled in this study between
2001 and 2003, 93 (76 males and 17 females with a median age of
60) could be evaluated. Chemoradiotherapy was well tolerated; three
cycles of chemotherapy and 60 Gy of TRT were administered in 80
(86%) and 87 (94%) patients, respectively. Grade 3 or 4 neutropenia,
esophagitis, and pneumonitis developed in 62, 11, and 3 patients,
respectively. Docetaxel consolidation was administered in 59 (63%)
patients, but three cycles were completed in only 34 (37%) patients.
The most common reason for discontinuation was pneumonitis,
which developed in 14 (24%) of the 59 patients. During consolida-
tion therapy, grade 3 or 4 neutropenia, esophagitis, and pneumonitis
developed in 51, 2, and 4 patients, respectively. A total of four
patients died of pneumonitis. We calculated a V,, (the percent
volume of the normal lung receiving 20 Gy or more) on a dose—
volume histogram in 25 patients. Of these, five patients developed
grade 3 or more severe radiation pneumonitis. A median V,, for
these five patients was 35% (range, 26—40%), whereas the median
V., for the remaining 20 patients was 30% (range, 17-35%) (p =
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0.035 by a Mann-Whitney test). The response rate was 81.7% (95%
confidence interval [CI], 72.7-88.0%), with 5 complete and 71 .
partial responses. The median progression-free survival was 12.8
(CI, 10.2-15.4) months, and median survival was 30.4 (CI, 24.5-
36.3) months. The 1-, 2-, and 3-year survival rates were 80.7, 60.2,
and 42.6%, respectively. )
Conclusion: This regimen produced promising overall survival in
patients with stage Il NSCLC, but the vast majority of patients could
not continue with the docetaxel consolidation because of toxicity.

Key Words: Non-small cell lung cancer, Chemoradiotherapy, Con-
solidation, Docetaxel.

(J/ Thorac Oncol. 2006;1: 810-815)

ocally advanced unresectable non—small cell lung cancer

(NSCLC), stage IIIA with bulky N2 and stage B disease
without pleural effusion, is characterized by large primary
lesions and/or involvement of the mediastinal or supraclavic-
ular lymph nodes and occult systemic micrometastases. A
combination of thoracic radiotherapy and chemotherapy is
the standard medical treatment for this disease, but the opti-
mal combination has not been established.! Although the
available data are insufficient to accurately define the size of
a potential benefit,2 concurrent chemoradiotherapy using a
platinum doublet has been shown to be superior to the sequential
approach in phase III trials of this disease.>5 However, third-
generation cytotoxic agents, which have provided better patient
survival with extrathoracic spread than the old-generation
agents, must be reduced when administered concurrently with
thoracic radiotherapy.¢ Thus, it has been hypothesized that the
addition of systemic dose chemotherapy with 2 new cytotoxic
agent to concurrent chemoradiotherapy, either as induction or
as consolidation chemotherapy, might further improve patient
survival.!

The consolidation chemotherapy with docetaxel was
based on the observation that this drug was highly active in
the primary treatment of metastatic NSCLC, producing a
response rate (RR) as high as 20% after platinum-based
chemotherapy failed.” Highly encouraging results of a me-
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dian survival time (MST) of more than 2 years and a 3-year
survival rate of nearly 40% were obtained in a phase II triai
of docetaxel consolidation after chemoradiotherapy with cis-
platin and etoposide in patients with stage IIIB NSCLC
(SWOG study §9504).1°

We have developed a combination chemotherapy sched-
ule with cisplatin and vinorelbine concurrently administered
with thoracic radiotherapy at a total dose of 60 Gy in 30 fractions
in patients with unresectable stage IIl NSCLC. The results of a
phase I study in 18 patients were very promising, with a RR of
83%, a MST of 30 months, and a 3-year survival rate of 50%.5
Thus, addition of docetaxel consolidation to this regimen is a
particularly interesting therapeutic strategy. The objectives of
the current study were to evaluate the feasibility of docetaxel
consolidation therapy after concurrent chemoradiotherapy with
cisplatin and vinorelbine and to evaluate the efficacy and safety
of the whole treatment regimen including both the chemoradio-
therapy and consolidation therapy in patients with unresectable
stage IIIA and IIIB NSCLC.

PATIENTS AND METHODS

Patient Selection

The eligibility criteria were histologically or cytologi-
cally proven NSCLC; unresectable stage ITIA or IIIB disease;
no previous treatment; measurable disease; tumor within an
estimated irradiation field no larger than half the hemithorax;
age between 20 and 74 years; Eastern Cooperative Oncology

Group performance status (PS) of 0 or 1; adequate bone -

marrow function (12.0 X 10%/liter = white blood cell [WBC]
count =4.0 X 10%/liter, neutrophil count =2.0 X 10%fliter,
hemoglobin =10.0 g/dl, and platelet count =100 X 10/liter),
liver function (total bilirubin =<1.5 mg/dl and transaminase no
more than twice the upper limit of the normal value), and
renal function (serum creatinine =1.5 mg/dl and creatinine
clearance =60 m! per minute); and a PaO, of 70 torr or more
under room air conditions. Patients were excluded if they had
malignant pleural or pencardial effusion, active double can-
cer, a concomitant serious illness such as uncontrolled angina
pectoris, myocardial infarction in the previous 3 months,
heart failure, uncontrolled diabetes mellitus, uncontrolled
hypertension, interstitial pneumonia or lung fibrosis identified
by a chest x-ray, chronic obstructive lung disease, infection or
other diseases contraindicating chemotherapy or radiother-
apy, pregnancy, or if they were breast feeding. All patients
gave their written informed consent.

Pretreatment Evaluation

The pretreatment assessment included a complete blood
cell count and differential count, routine chemistry determi-
nations, creatinine clearance, blood gas analysis, electrocar-
diogram, lung function testing, chest x-rays, chest computed
tomographic (CT) scan, brain CT scan or magnetic resonance
imaging, abdominal CT scan or ultrasonography, and radio-
nuclide bone scan.

Treatment Schedule
Treatment consisted of a chemoradiotherapy phase with
three cycles of cisplatin and vinorelbine followed by a con-
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FIGURE 1. Treatment schema. CDDP, cisplatin; DTX, do-
cetaxel; TRT, thoracic radiotherapy; VNR, vinorelbine.

solidation phase with three cycles of docetaxel (Figure 1).
Cisplatin 80 mg/m? was administered on days 1, 29, and 57
by intravenous infusion for 60 minutes with 2500 to 3000 ml
of fluid for hydration. Vinorelbine diluted in 50 ml of normal
saline was administered intravenously on days 1, 8, 29, 36,
57, and 64. All patients received prophylactic antiemetic
therapy consisting of a SHT;-antagonist and a steroid.

Radiation therapy was delivered with megavoltage
equipment (=6 MV) using anterior/posterior opposed fields
up to 40 Gy in 20 fractions including the primary tumor, the
metastatic lymph nodes, and the regional nodes. A booster
dose of 20 Gy in 10 fractions was given to the primary tumor
and the metastatic lymph nodes for a total dose of 60 Gy
using bilateral oblique fields. A CT scan-based treatment
planning was used in all patients. The clinical target volume
(CTV) for the primary tumor was defined as the gross tumor
volume (GTV) plus 1 cm taking account of subclinical
extension. CTV and GTV for the metastatic nodes (>1 cm in
shortest dimension) were the same. Regional nodes, exclud-
ing the contralateral hilar and supraclavicular nodes, were
included in the CTV, but the lower mediastinal nodes were
included only if the primary tumor was located in the lower
lobe of the lung. The planning target volumes for the primary
tumor, the metastatic lymph nodes, and regional nodes were
determined as CTVs plus 0.5- to 1.0-cm margins laterally and
1.0- to 2.0-cm margins craniocaudally, taking account of
setup variations and internal organ motion. Lung heteroge-
neity corrections were not used.

The criteria for starting consolidation chemotherapy
were completion of three cycles of cisplatin and vinorelbine
and a full dose of thoracic radiotherapy, the absence of progres-
sive disease, adequate general condition within 6 weeks of the
start of the third cycle of cisplatin and vinorelbine (PS 0 or 1,
WBC count =3.0 X 10%liter, neutrophil count =1.5 X 10%liter,
hemoglobin =9.0 g/dl and platelet count =100 X 10%/liter, total
bilirubin =<1.5 mg/dl and transaminase no more than twice the
upper limit of the normal value, and a PaQ, of 70 torr or more
at room air). Docetaxel (60 mg/m?) was administered intrave-
nously for 1 hour every 3 to 4 weeks for three cycles:

Toxicity Assessment and Treatment
Modification

Complete blood cell counts and differential counts,
routine chemistry determinations, and a chest x-ray were
performed once a week during the course of treatment. Acute
toxicity was graded according to the NCI Common Toxicity
Criteria, and late toxicity associated with thoracic radiother-
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apy was graded according to the Radiation Therapy Oncology
Group/European Organization for Research and Treatment of
Cancer late radiation morbidity scoring scheme. Vinorelbine
administration on day 8 was omitted if any of the following
were noted: WBC count <3.0 X 10liter, neutrophil count
<1.5 X 10%/liter, platelet count <100 X 10%]liter, elevated
hepatic transaminase level or total serum bilirubin of at least
grade 2, fever =38°C, or PS =2. Subsequent cycles of
cisplatin and vinorelbine chemotherapy were delayed if any
of the following toxicities were noted on day 1: WBC count
<3.0 X 10%liter, neutrophil count <1.5 X 10%liter, platelet
count <100 X 10/liter, serum creatinine level =1.6 mg/dl,
elevated hepatic transaminase level or total serum bitirubin of
at least grade 2, fever =38°C, or PS =2. The dose of cisplatin
was reduced by 25% in all subsequent cycles if the serum
creatinine level rose to 2.0 mg/d! or higher. The dose of
vinorelbine or docetaxel was reduced by 25% in all subse-
quent cycles if any of the following toxicities were noted:
WBC count <1.0 X 10%/liter, platelet count <10 X 10%Aiter,
or grade 3 or 4 infection or liver dysfunction. Thoracic
radiotherapy was suspended if any of the following were
noted: fever =238°C, grade 3 esophagitis, PS of 3, or Pa0,
<70 torr. Thoracic radiotherapy was terminated if any of the
following were noted: grade 4 esophagitis, grade 3 or 4
pneumonitis, PS of 4, or duration of radiotherapy of over 60
days. The use of granulocyte colony-stimulating factor during
radiotherapy was not permitted unless radiotherapy was on

hold. The criteria for termination of docetaxel consolidation _

were not defined in the protocol.

Response Evaluation

Objective tumor response was evaluated according to
the Response Evaluation Criteria in Solid Tumor.!! Local
recurrence was defined as tumor progression in the primary
site and in the hilar, mediastinal, and supraclavicular lymph
nodes after a partial or complete response; regional recur-
rence as the development of malignant pleural and pericardial
effusions; and distant recurrence as the appearance of a
distant metastasis.

Study Design, Data Management,
and Statistical Considerations

This study was conducted at three institutions: the
National Cancer Center Hospital, National Cancer Center
Hospital East, and Tochigi Cancer Center. The protocol and
consent form were approved by the institutional review board
of each institution. Registration was conducted at the regis-
tration center. Data management, periodic monitoring, and
the final analysis were performed by the study coordinator.

The primary objective of the current study was to
evaluate the feasibility of docetaxel consolidation therapy.
The secondary endpoints were toxicity observed during che-
moradiotherapy and consolidation therapy, the best response,
and overall survival in all patients eligible to participate in
this study. Because no standard method to evaluate consoli-
dation chemotherapy after chemoradiotherapy has been es-
tablished, we arbitrarily defined the primary endpoint of this
study as a ratio (R) of the number of patients receiving
docetaxel without grade 4 nonhematological toxicity or treat-
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ment-related death to the total number of patients receiving
docetaxel. The sample size was initially estimated to be 34
patients with a power of 0.80 at a significance level of 0.05,
under the assumption that a R of 0.95 would indicate poten-
tial usefulness, whereas a R of 0.8 would be the lower limit
of interest, and that 85% of patients would move into the
consolidation phase. An analysis of the first 13 patients,
however, showed that only 8 (61%) patients advanced into
the consolidation phase. The reasons for not receiving do-
cetaxel were disease progression in one, delay in completion
of chemoradiotherapy in two, grade 3 esophagitis in one, and
death due to hemoptysis in one patient. Considering that the
SWOG trial 89504 included 83 patients, we decided to revise
the number of patients in the current study. According to
Simon’s two-stage minimax design, the required number of
patients was calculated to be 59 with a power of 0.80 at a
significance level of 0.05, under the assumption that a R of
0.85 would indicate potential usefulness, whereas a R of 0.7
would be the lower limit of interest.’2 Assuming that 61% of
registered patients would move into the consolidation phase,
the sample size was determined to be 97 patients.

Overall survival time and progression-free survival
time were estimated by the Kaplan—Meier method, and con-
fidence intervals (CI) were based on Greenwood’s formula,13
Overall survival time was measured from the date of regis-
tration to the date of death (from any cause) or to the last
follow-up. Progression-free survival time was measured from
the date of registration to the date of disease progression,
death (from any-cause), or the last follow-up. Patients who
were lost to follow-up without event were censored at the
date of their last known follow-up. A CI for RR was calcu-
lated using methods for exact binomial Cls. The Dr. SPSS II
11.0 for Windows software package (SPSS Japan Inc., To-
kyo, Japan) was used for statistical analyses.

RESULTS

Registration and Characteristics of the Patients

A total of 97 patients were enrolled in this study between
April 2001 and June 2003. Four patients were excluded from
this study before the treatment was started because the radiation
treatment planning disclosed that their tumors were too ad-
vanced for curative thoracic radiotherapy. Thus, 93 patients who
received the protocol-defined treatment were the subjects of this
analysis (Figure 2). There were 76 males and 17 females, with a
median age of 60 (range 31-74). Body weight loss was less than
5% in 77 patients; adenccarcinoma histology was noted in 57
patients, and stage IIA disease was noted in 41 patients (Table 1).

Treatment Delivery

Treatment delivery was generally well maintained in
the chemoradiotherapy phase (Table 2). Full cycles of cispla-
tin and vinorelbine and the full dose of thoracic radiotherapy
were administered in 80 (86%) and 87 (94%) patients, re-
spectively. Delay in radiotherapy was less than 5 days in 61
(66%) patients. In contrast, the delivery of docetaxel was
poor (Table 2). A total of 59 (63%) patients could enter the
consolidation phase, and only 34 (37%) patients completed
three cycles of docetaxel chemotherapy. The reasons for not
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[ Registration: 97 pts |
l———'l Ineligible: 4 pts

[Recsiving CODP/VNR/TRT: 93 pts (10%)|

rNot receiving DTX: 34 ptsJ
PD:5S Toxiclty: 22 Others: 7
[Roceiving DTX: 59 pts (mﬁ)]

|- [DTX discontinued: 25 pts|
PD:3  Toxicity: 18 Refusal: 4

[3 cycles complated: 34 pts e |

FIGURE 2. Patient registration. CDDP, cisplatin; DTX, do-
cetaxel; TRT, thoracic radiotherapy; VNR, vinorelbine.

receiving consolidation were toxicity in 22 (65%) patients
including pneumonitis in seven patients, myelosuppression in
five patients, esophagitis in four patients, liver dysfunction in
two patients, infection in two patients, other toxicity in two
patients, progressive disease in five (15%) patients, patient
refusal in three (9%) patients, early death due to hemoptysis
in one (3%) patient, and other reasons in three (9%) patients.
Of the 59 patients, 18 (31%) discontinued docetaxel consol-
idation because of toxicity, including pneumonitis (n = 14)
and esophagitis, infection, gastric ulcer, and allergic reaction
(n = 1 each), four (7%) because of patient refusal, and three
(5%) because of progressive disease.

Toxicity

Acute severe toxicity in the chemoradiotherapy phase
was mainly leukopenia and neutropenia, whereas grade 3 or
4 thrombocytopenia was not noted (Table 3). Severe nonhe-
matological toxicity was sporadic, and grade 3 esophagitis
and pneumonitis were observed in only 11 (12%) and 3 (3%)
patients, respectively. Acute severe toxicity in the consolida-
tion phase also consisted of neutropenia and associated in-

TABLE 2. Treatment Delivery

Variables n %

Cisplatin and vinorelbine chemotherapy
Total number of cycles

3 80 86
2 10 11
[ 3 3
Number of vinorelbine skips
0 63 68
1 25 27
2-3 5 5
Thoracic radiotherapy '
Total dose (Gy)
60 87 94
50-59 4 4
<50 2 2
Delay (days)
<5 61 66
59 20 22
10-16 6 6
Not cvaluable (<60 Gy) 6 6
Docetaxel consolidation
Number of cycles
3 34 37
2 12 13
I 13 14
0 34 34

fection (Table 4). In addition, grade 3 or 4 pneumonitis
developed in 4 (7%) patients. The R observed in this study
was 0.05 (3 out of 57 patients), which was much lower than
the hypothetical value. Grade 3 or 4 late toxicities were
included lung toxicity in four patients, esophageal toxicity in
two patients, renal toxicity in one patient, and a second
esophageal cancer that developed 35.4 months after the start
of the chemoradiotherapy in one patient. Treatment-related

TABLE 1. Patient Characteristics

. Characteristics n %

Gender TABLE 3. Acute Toxicity in Chemoradiotherapy (n = 93)
Male 76 82 Grade
Female B 18 Toxicity 3 4 3+4 %

Age median (range) 60 31-74

Weight loss Leukopenia 54 18 72 77
<5% 76 81 Neutropenia 33 29 62 67
5-9% 12 13 Anemia 21 0 21 23
=10% 3 3 Infection 15 1 16 17
Unknown 2 2 Esophagitis 11 0 11 12

Histology Hyponatremia 11 0 11 12
Adenocarcinoma 57 61 Anorexia 9 1 10 il
Squamous cell carcinoma 23 25 Nausea 5 — 5 5
Large cell carcinoma 12 13 Preumonitis 3 0 3 3
Others 1 1 Syncope 2 0 2 2

Stage Hyperkalemia 2 0 2 2
arA 41 4 Tleus 0 1 1 1
141:] 52 56 Cardiac ischemia 1 0 i 1

‘Copyright © 2006 by the International Association Jor the Study of Lung Cancer 813
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TABLE 4. Acute Toxicity in Consolidation Therapy (n = 57)

Grade
Toxicity 3 4 3+4 %
Leukopenia 33 11 44 77
Neutropenia 24 26 50 88
Asnemia 5 0 5 9
Infection 5 d 6 11
Esophagitis 2 0 2 3
Anorexia 1 0 1 2
Pneumonitis 2 2 4 7

death was observed in four (4%) patients. Of these, three
received docetaxel, and one did not. The reason for death was
pneumonitis in all patients. We calculated a V,, (the percent
volume of the normal lung receiving 20 Gy or more) on a
dose—volume histogram in 25 patients. Of these, five patients
developed grade 3 or severer radiation pneumonitis. A me-
dian V,, for these five patients was 35% (range, 26-40%),
whereas that for the remaining 20 patients was 30% (range,
17-35%) (p = 0.035 by a Mann—Whitney test).

Objective Responses, Relapse Pattern,
and Survival

All 93 patients were included in the analyses of tumor
response and survival. Complete and partial responses were
obtained in 5 (5%) and 71 patients (76%), respectively, for an
overall RR of 81.7% (95% Cl, 72.7-88.0%). Stable and
progressive diseases occurred in 12 (13%) and 5 (5%) pa-
tients, respectively. With a median follow-up period of 29.7
months, 38 patients developed locoregional recurrence, 32 de-
veloped distant recurrence, 4 developed both locoregional and
distant recurrences, and 19 did not. The median progression-free
survival time was 12.8 (95% ClI, 10.2-15.4) months (Figure 3).
Two patients underwent salvage surgery for a recurrent primary
tumors. Conventional chemotherapy and gefitinib monotherapy
were administered after recurrence in 20 and 25 patients, respec-
tively. The median overall survival time was 304 (95% CI,
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FIGURE 3. Progression-free survival (n = 93). The median
progression-free survival time was 12.8 (95% Cl, 10.2-15.4)
months.
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FIGURE 4. Overall survival (n = 93). The median overall sur-
vival time was 30.4 (95% Cl, 25.4-35.4) months. The 1-, 2-,
and 3-year survival rates were 80, 60, and 40%, respectively.

24.5-36.3) months. The 1-, 2-, and 3-year survival rates were
80.7, 60.2, and 42.6%, respectively. (Figure 4).

DISCUSSION

This study showed that concurrent chemoradiotherapy
with cisplatin, vinorelbine, and standard thoracic radiotherapy
was well tolerated, with a high completion rate exceeding 80%.
The incidence of acute toxicity, including 67% (62/93) of grade
3 or 4 neutropenia, 12% (11/93) of grade 3 esophagitis, and 3%
(3/93) of grade 3 pneumonitis, were comparable with other
reports of concurrent chemoradiotherapy.341¢ In contrast, con-
solidation docetaxel could be administered in only 59 of 93
(63%) patients eligible to participate in this study. Of the
remaining 34 patients, 22 (65%) patients did not receive con-
solidation chemotherapy because of toxicities affecting various
organs. Other studies also showed that not all patients proceeded
to the consolidation phase after completion of concurrent che-
moradiotherapy: 61 to 78% of patients after two cycles of
cisplatin and etoposide with radiotherapy,3!° and 54 to 75% of
patients after weekly carboplatin and paclitaxel with radiother-
apy.14.15 Thus, for 20 to 40% of the patients, concurrent chemo-
radiotherapy was as much as they could undergo, and the addi-
tional chemotherapy was not practical.

Furthermore, the number of patients who fulfilled the
three cycles of consolidation docetaxel was only 34 (58%) of
the 59 patients, which corresponded to only 37% of those
eligible in this study. The reason for the termination of
docetaxel in the 25 patients was toxicity in 18 (72%) patients,
especially pneumonitis in 14 (56%) patients. The grade of
pneumonitis during the consolidation phase was within grade
2 in most cases, and this was probably because docetaxel was
discontinued early. Considering that pneumonitis associated
with cancer treatment is more common in Japan, docetaxel
consolidation is not thought to. be feasible in the Japanese
population. The MST and the 3-year survival rate in ail

eligible patients were 33 months and 44% in this study, but

docetaxel consolidation was unlikely to contribute to these
promising results because only 37% of patients received full
cycles of docetaxel. This contrasts clearly with the result of

Copyright © 2006 by the International Association for the Study of Lung Cancer
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the SWOG study S9504, a phase II trial of two cycles of
cisplatin and etoposide with thoracic radiation followed by
three cycles of docetaxel. In this trial, 75% of patients starting
consolidation and 59% of those entering the trial received fuil
cycles. In addition, docetaxel consolidation seemed to pro-
long survival, although this was drawn from a retrospective
comparison of the results between the two SWOG studies
$9504 and S9019.10

There is no widely used’ definition of consolidation
therapy following chemoradiotherapy. Given that consolida-
tion therapy is arbitrarily defined as chemotherapy with three
cycles or more after the completion of concurrent chemora-
diotherapy, only one randomized trial is available in the litera-

_ture. The randomized phase III trial of standard chemoradio-
therapy with carboplatin and paclitaxel followed by either
weekly paclitaxel or observation in patients with stage III
NSCLC showed that only 54% of patients proceeded to
randomization, and overall survival was worse in the consol-
idation arm (MST, 16 versus 27 months).1$ Thus, there have
been no data supporting the use of consolidation therapy,
especially when a third-generation cytotoxic agent such as
paclitaxel and vinorelbine is incorporated into concurrent
chemoradiation therapy.

The low complete-response rate of 5% in this study
may be explained partly by an inability to distinguish be-
tween inactive scarring or necrotic tumor and active tumor
after radiotherapy. Positron emission tomography (PET) us-
ing 18F-fluorodeoxyglucose showed a much higher rate of
complete response than conventional CT scanning and pro-
vided a better correlation of the response assessment using
PET with patterns of failure and patient survival.!¢ In addi-
tion, the high locoregional relapse rate in this study clearly
showed that the conventional total dose of 60 Gy was insuf-
ficient. Three-dimensional treatment planning, omission of
elective nodal irradiation, and precise evaluation of the gross
tumor volume by PET may facilitate the escalation of the
total radiation dose without enhanced toxicity.

In conclusion, cisplatin and vinorelbine chemotherapy
concurrently combined with standard thoracic radiotherapy
and followed by docetaxel consolidation produced promising
overall survival in patients with stage HII NSCLC, but the vast
majority of patients could not continue with the docetaxel
consolidation because of toxicity.
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Introduction

The lung cancer death rate is increasing throughout the
world due to increases in numbers of the elderly, increased
environmental pollution, and lack of detection in early
stages. At our institution, the 5-year survival rate has gradu-
ally improved over the past five decades. These results
could be due to improvements in therapeutic proce-
dures, including surgery, chemotherapy, radiotherapy, laser
therapy, and immunotherapy. Furthermore, the improve-
ment in survival in Japan may be partially due to mass
screening for lung cancer mandated by the Health Insur-
ance Act of 1987. The therapeutic results for jung cancer are
unsatisfactory. The 5-year survivals of lung cancer patients
according to the Japanese Lung Cancer Registry, are shown
in Fig. 1.! Good results were obtained only in stage I, but in
other stages the results were still disappointing. Thus, in
order to reduce deaths from lung cancer, it is necessary to
detect and treat early-stage lung cancer.

However, there are various problems in the treatment of
carly-stage fung cancer. Early-stage lung cancers are classi-
fied into two categories according to the location of the
tumor: central type and peripheral type, and the treatment
of each type has specific problems.

In Japan, the criteria of early-stage lung cancer were first
proposed about 30 years ago, in 1975. Peripheral-type early-
stage lung cancer was defined as a tumor located in an
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airway more peripheral than the subsegmental bronchi,
with the longest dimension of the tumor being 2cm or less
and with no recognized lymph node or distant metastases.
In central-type early-stage jung cancer, the tumor is located
in a segmental bronchus. In central-type lesions, even if
they are early-stage lung cancer, resection of a large volume
of lung is generally necessary. This could be a significant
factor for pulmonary dysfunction, especially in older
patients. In addition, lung cancer, especially the early-stage
central type, has a tendency to develop in multiple lesjons.
In such cases resection is not a valid option for the treat-
ment of all lesions. Therefore, noninvasive therapeutic
modalities were required. Laser therapy has been devel-
oped for central-type early lung cancer. For the diagnosis
of early-stage central-type lung cancer, autofluorescence
fiberscopes, bronchofiberscopic echograms, and optical
coherence tomography (OCT)} have been developed.

As stated above, the improvement of survival in Japan
may be partially due to mass lung cancer screening man-
dated by the Health Insurance Act of 1987. Mass screening
for lung cancer by chest computed tomography (CT) was
begun in Japan 10 years ago and is now being used in the
United States and Europe. Because large numbers of tiny
peripheral lung shadows were detected in many of the
CT screening pilot trials,”* it is important to establish
an internationally accepted definition of peripheral-type
early-stage lung cancer.

Therapeutic guidelines for central-type early-stage
lung cancer

In Japan, the therapeutic guidelines for lung cancer were
established according to evidence-based medicine, with the
support of the Ministry of Health, Labor, and Welfare in
2002. In these guidelines, surgical resection and photo-
dynamic therapy (PDT) are recommended for the treat-
ment of central-type early-stage lung cancer.”
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