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At least 2 days after cortisol administration, individualized doses
of docetaxel were diluted in 250 mL of 5% glucose or 0.9% saline
and administered by L-hour intravenous infusion at 9 aM to each
patient. The doses of docetaxel in subsequent cycles of treatment
were unchanged, and no prophylactic premedication to protect
against docetaxel-related hypersensitivity reactions was adminis-
tered in either of the treatment arms,

PK Study

Blood samples for PK studies were obtained from all of the
patients during the initial treatment cycle. An indwelling cannula
was inserted in the arm opposite that used for the drug infusion,
and blood samples were collected into heparinized tubes, Blood
samples were collected before the infusion; 30 minutes after the
start of the infusion; at the end of the infusion; and 15, 30, and 60
minutes and 3, 5, 9, and 24 hours after the end of the infusion. All
blood samples were centrifuged immediately at 4,000 rpm for 10
minutes, after which the plasma was removed and the samples
were placed in polypropylene tubes, labeled, and stored at —20°C
or colder until analysis.

PK parameters were estimated by the nonlinear least squares
regression analysis method (WinNonlin, Version 1.5; Bellkey Sci-
ence Inc, Chiba, Japan) with a weighting factor of 1 per year.?
Individual plasma concentration-time data were fitted to two- and
three-compartment PK models using a zero-order infusion input
and first-order elimination. The model was chosen on the basis of
Akaike's information criteria.?® The peak plasma concentration
(C,..) was generated directly from the experimental data. AUC
was extrapolated to infinity and determined based on the best-
fitted curve; this measurement was then used to calculate the
absolute CL (L/h), defined as the ratio of the delivered dosage (in
milligrams} and AUC.

To assess PD effect of docetaxel, the percentage decrease in
ANC was caleulated according to the following formula: % de-
crease in ANC = (pretreatment ANC — nadir ANC)/{pretreat-
ment ANC) X 100,

Measurements

The concentration of urinary 6-B-OHF was measured by
reversed phase high-performance liquid chromatography with
UV absorbance detection according to previously published
methods.***2:

Docetaxel concentrations in plasma were also measured by
solid-phase extraction and reversed phase high-performance lig-
uid chromatography with UV detection according to the previ-
ously published method.*™** The detection limit corresponded to
a concentration of 10 ng/mL,

Statistical Analysis

Fisher's exact test or x* test was used to compare categoric
data, and Student’s ¢ test was used for continuous variables. The
strength of the relationship between the estimated docetaxel CL
and the observed docetaxel CL was assessed by least squares linear
regression analysis. The interpatient variability of AUC for each
arm was evaluated by determining the SD and was compared by F
test. Biases, or the mean AUC value in each arm minus the target
AUC (2.66 mg/L - h), were also compared between the arms by
Student’s ¢ test.

A two-sided P value of =< .05 or less was considered to
indicate statistical significance. All statistical analyses were per-
formed using SAS software version 8.02 (SAS Institute, Cary, NC).
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Patient Characteristics

Between October 1999 and May 2001, 59 patients were
enrolled onto the study and randomly assigned to either
the BSA-based arm (n = 30) or the individualized arm
{n = 29). All 59 patients were assessable for PK and PD
analyses. The pretreatment characteristics of the 59 patients
are listed in Table 1. The baseline characteristics were well
balanced between the arms except for three laboratory pa-
rameters: ALB, AAG, and ALP. These three parameters were
not included in the eligibility criteria. The majority of pa-
tients (95%) had a performance status of 0 or 1. Twenty
(67%) and 16 (55%) patients had been treated with
platinum-based chemotherapy in the BSA-based arm and
individualized arm, respectively. Only two patients in the
individualized arm had liver metastasis, and most of the
patients had good hepatic functions.

Individualized Dosing of Docetaxel

In the individualized arm, the total amount of 24-hour
urinary 6-3-OHF after cortisol administration (total 6-8-
OHF) was 9,179.6 * 3,057.7 ug/d (mean + SD), which was
similar to the result of our previous study.?® The estimated
docetaxel CL was 21.9 + 3.5 Lth/m® (mean * SD), and
individualized dose of docetaxel ranged from 37.4 to 76.4
mg/m’ {mean, 58.1 mg/m? Fig 1).

PK

Docetaxel PK data were obtained from all 59 patients
during the first cycle of therapy, and PK parameters are
listed in Table 2. Drug levels declined rapidly after infusion
and could be determined to a maximum of 25 hours. The
concentration of docetaxel in plasma was fitted to a biexpo-
nential equation, which was consistent with previous
reports.”** The mean alpha and beta half-lives were 9.2
minutes and 5.0 hours in the BSA-based arm and 9.2 min-
utes and 7.4 hours in the individualized arm, respectively.

In the BSA-based arm, docetaxel CL was 22.6 + 3.4
L/h/m? (mean % SD), and AUC averaged 2.71 mg/L - h
(range, 2.02 to 3.40 mg/L - h). In the individualized arm,
docetaxel CL was 22.1 = 3.4 L/h/m?, and AUC averaged
2.64 mg/L-h(range, 2.15to 3.07 mg/L - h}. The least squares
linear regression analysis showed that the observed do-
cetaxel CL was well estimated in the individualized arm
(7 = 0.821; Fig 2).

The SDs of AUC in the BSA-based arm and in the
individualized arm were 0.40 and 0.22, respectively, and the
ratio of SD in the individualized arm to that in the BSA-
based arm was 0.538 (95% CI, 0.369 to 0.782). The biases
from the target AUC in the BSA-based arm and in the
individualized arm were 0.047 (95% CI, —0.104 to 0.198)
and —0.019 (95% CI, —0.102 to 0.064), respectively, with
no significant difference. The interpatient variability of
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Table 1. Patient Characteristics
BSA-Based Individualized
Arm Arm
Ne. of No. of
Characteristic Patients %  Patents % P
Enrolled 30 29
Eligible 30 100 28 100
Age, years : 62
Median 61 62 .
Range 52-73 45-73
Sex
Male 25 83 19 66 .14
Female 5 17 10 34
ECOG PS
0 7 23 1 3 .08
1 22 73 26 20
2 1 3 2 7
Prior treatment
None 4 13 4 14 89
Surgery 1 37 9 31 65
Radiotherapy 13 43 10 34 49
Chemotherapy 21 70 18 62 .82
Platinum-based regimens 20 67 16 55 .37
Site of disease
Lung 23 77 28 97 .10
Liver 0 0 2 7 .24
Pleura’ 8 27 12 41 23
Bong 7 23 2] 31 7
Extrathoracic lymph nodes 1] 33 10 34 83
Laboratory parameters
ALB, gt 02
Median 38 35
Range 26-45 24-44
AAG, g/l ) 04
Median 1.00 1.25
Range 0.28-2.15 0.64-2.54
AST, UL 67
Median 21 22
Range 10-40 7-41
ALT, L/L 88
Median 18 18
Range 6-54 4-45
ALP, U/L 03
Median 249 324
Range 129-540 185-986
Abbreviations: ECOG, Eastern Cooperative QOncolegy Group; PS, perfor-
mance status, ALB, serum a’bumin; AAG, alpha-1-acid glycoprotein; ALP,
serum alkaline phosphatase.,

AUC was significantly smaller in the individualized arm
than in the BSA-based arm (P < .01; Fig 3).

PD

[n both arms, neutropenia was the predominant toxic-
ity related to docetaxel treatment, and 28 of 30 (93%)
patients in the BSA-based arm and 25 of 29 (86%) patients
in the individualized arm had grade 3 or 4 neutropenia.
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Tabla 2. Docetaxe! PK Pdrameters
BSA-Based Arm Individualized Arm
Parameters In = 30} n =29}
Conaxe 2@/mL 0.36-2.70 0.99-2.41
tiz alpha®, minutes 92+33 9227
1, beta®, hours 50+48 74117
CL* Lh 37663 34871
CL" L/h/m? 226+34 221+34
AUC
Mean mg/L - h 2.7 2.64
Range mg/L - h 2.02-3.40 2.15-3.07
Median 2.65 2.66
SD 0.40 0.22
Abbreviations: PK, pharmacckinetic; BSA, body-surface area; CL. clear-
ance; AUC, area under concentration-time curve; SO, standard deviation.
*Data represent mean + SD.

Nonhematologic toxicities, such as gastrointestinal and he-
patic toxicities {ie, hypetbilirubinemia, aminotransferase
elevations}, were mild in both arms.

PD effects shown as the percentage decrease in ANC are
listed in Table 3. The percentage decrease in ANC for the
BSA-based arm and individualized arm were 87.1% (range,
59.0 to 97.7%; SD, 8.7) and 87.5% (range, 78.0 to 97.2%;
SD, 6.1), respectively, suggesting that the interpatient vari-
ability in the percentage decrease in ANC was slightly
smaller in the individualized arm than in the BSA-based
arm (Fig 4). The response rates between the two arms were
similar; five of 30 (16.7%) and four of 29 (13.8%) patients
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Fig 2. Correlation between the estimated and observed docetaxel clear-
ance (CL) in the individualized arm {n = 29). (—} Linear regression line
{r? = 0.821); (- -—-) 95% Cls for individual estimates,
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Fig 3. Comparison of area under the concentration-time curve (AUC)
variability between the arms {P < .01; F test). BSA, body-surface area.

achieved a partial response in the BSA-based arm and indi-
vidualized arm, respectively.

[n oncology practice, the prescribed dose of most anticancer
drugs is currently calculated from BSA of individual pa-
tients to reduce the interpatient variability of drug expo-
sure. However, PK parameters, such as CL of many
anticancer drugs, are not related to BSA.>***3 Although PK
parameters of docetaxel are correlated with BSA, individu-
alized dosing based on individual metabolic capacities
could further decrease the interpatient variability.**
CYP3A4 plays an important role in the metabolism of
many drugs, including anticancer agents such as docetaxel,
paclitaxel, vinorelbine, and gefitinib. This enzyme exhibits a
large interpatient variability in metabolic activity, account-
ing for the large interpatient PK and PD variability. We have
developed a novel method of estimating the interpatient
variability of CYP3A4 activity by urinary metabolite of ex-
ogenous cortisol. That is, the total amount of 24-hour uri-
nary 6-B-OHF after cortisol administration was highly
correlated with docetaxel CL. We conducted a prospective

Table 3. Percentage Decrease in ANC
BSA-Based Arm Individualized Arm

Parameters in =30 In = 29}
Percentage decrease in ANC, %
Mean 87.1 87.4
Range 59.0-97.7 78.097.2
Median 89.7 88.4
sD 8.7 81

Abbreviations: ANC, absolute neutrophil count; 8SA, body-surface area;
SD, standard deviation.
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Fig 4. Cerrelation between area under the concentration-time curve {AUC)
and percentage decrease in absolute neutrophil count [ANC) in each arm. {A}
body-surface area-based arm:; (8} individualized arm.

randomized PK and PD study of docetaxel to evaluate
whether the application of our method to individualized
dosing could decrease PK and PD variability compared with
BSA-based dosing.

The study by Hirth et al*® showed a good correlation
between the result of the erythromycin breath test and
docetaxel CL, and the study by Goh et a1*® showed a good
correlation between the midazolam CL and docetaxel CL.
In our study, we prospectively validated the correlation
between docetaxel CL and our previously published
method using the total amount of urinary 6-8-OHF after
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cortisol administration in the individualized arm. As shown
in Fig 2, the observed docetaxel CL was well estimated, and
the equation for the estimation of docetaxel CL developed
in our previous study was found to be reliable and repro-
ducible. The target AUC in the individualized arm was set at
2.66 mg/L - h. This value was the mean value from our
previous study, in which 29 patients were treated with 60
mg/m’ of docetaxel. Individualized doses of docetaxel ranged
from 37.4 to 76.4 mg/m? and were lower than expected.

The SD of AUC in the individualized arm was about
46.2% smaller than that in the BSA-based arm, a significant
difference; this result seems to indicate that the application
of our method to individualized dosing can reduce the
interpatient PK variability. Assuming that the variability of
AUC could be decreased 46.2% by individualized dosing
applying our method, overtreatment could be avoided in
14.5% of BSA-dosed patients by using individualized dos-
ing (Fig 5,area A), and undertreatment could be avoided in
another 14.5% of these patients (Fig 5, area B). We consid-
ered that neutropenia could be decreased with patients in
area A by individualized dosing, However, it is unknown
whether the therapeutic effect of docetaxel could be im-
proved in the patients in area B by individualized dosing
because no significant positive correlation has been found
between docetaxel AUC and antitumor response in patients
with non-small-cell lung cancer.*® In this study, seven of 30
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Fig §. Simulated comparison of area under the concentration-time curve
{AUC} distribution between body-surface area (BSA) -based dosing and
individualized dosing when the variability of AUC is decreased 45.2% by
individuatized dosing applied using our method.
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(23.3%]} and two of 30 {6.7%) patients in the BSA-based arm
were included in area A and B, respectively (Figs 3 and 5).

As shown in Figure 4, the percentage decrease in ANC
was well correlated with AUC in both arms, which was
similar to previous reports.?”* It was also indicated that the
interpatient variability in the percentage decrease in ANC
was slightly smaller in the individualized arm than in the
BSA-based arm; however, this difference was not signifi-
cant. The response rates between the two arms were similar.
Although the interpatient PK variability could be decreased
by individualized dosing in accordance with our method,
the interpatient PD variability such as toxicity and the anti-
tumor response could not be decreased. Several reasons
could be considered.

With regard to toxicity, the pretreatment characteris-
tics of the patients in this study were highly variable. More
than half of the patients in each arm had previously received
platinum-based chemotherapy, and more than 30% had
received radiotherapy. The laboratory parameters (ie, ALB,
AAG, and ALP) were not balanced across the arms, al-
though they were not included in the eligibility criteria
(Table 1). These variable pretreatment characteristics and
unbalanced laboratory parameters may have influenced the
frequency and severity of the hematologic toxicity as well as
the pharmacokinctic profiles. The antitumor cffect may
have been influenced by the intrinsic sensitivity of tumors,
the variable pretreatment characteristics, and theimbalance
in laboratory parameters. Non-small-cell lung cancer is a
chemotherapy-resistant tumor. The response rate for do-
cetaxel ranges from 18% to 38%, and no significant posi-
tive correlation between docetaxel AUC and antitumor
response has been found. We considered it quite difficult to
control the interpatient PD variability by controlling the
interpatient PK variability alone. Although we did not ob-
serve any outliers in either arm, such as the two outliers with
severe toxicity observed in the study by Hirth et al,?® our
method may be more useful for identifying such outliers. If
we had not excluded patients with more abnormal liver
function or a history of liver disease by the strict eligibility
criteria, the results with the two dosing regimens may have
been more different, and the interpatient PD variability,
such as the percentage decrease in ANC, may have been
smaller in the individualized arm than in the BSA-based
arm. Furthermore, the primary end point of this study was .
PK variability, evaluated by the SD of AUC in both arms,
and the sample size was significantly underpowered to eval-
uate whether the application of our method to individual-
ized dosing could decrease PD variability compared with
BSA-based dosing,

For the genotypes of CYP3A4, several genetic poly-
morphisms have been reported (http://www.imm.ki.se/
CYPalleles/); however, a clear relationship between
genetic polymorphisms and the enzyme activity of
CYP3A4 has not been reported. Our phenotype-based
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individualized dosing using the total amount of urinary
6-B-OHF after cortisol administration produced good
results. However, this method is somewhat complicated,
and a simpler method would be of great use. We analyzed
the expression of CYP3A4 mRNA in the peripheral-

Yamamoto et al

blood mononuclear cells of the 29 patients in the indi-

vidualized arm. No correlation was observed between the
expression level of CYP3A4 mRNA and docetaxel CL or
the total amount of urinary 6-3-OHF after cortisol ad-

ministration (data not shown),
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istration is useful for decreasing the interpatient PK variability
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Abstract

Peritoneal wash cytology plays a pivotal role in the decision for gastric cancer treatment because advanced gastric cancer often
turns out incurable with peritoneal metastasis. Molecular detection of minimal cancer cells from pcntoneal washmgs may overcome
the sensitivity boundary of conventional cytology and contribute to the prediction of the d1sease outcome. To select marker can-
didates out of ten thousands of genes, we performed mlcroarray analyses in 12 gastric cell lines and 8 peritonieal washings of early
stage cases. With 40 candidates selected by the above expression profiling, RT-PCR in 16 representative peritoneal wash samples
was performed to identify genes specific to cytology positive samples. The finally selected five genes, CK20, FABPI!, MUC2, TFFI,
and TFF2, were then evaluated for their utility as a marker for minimal residual disease in 99 peritoneal wash samples. Nested RT-
PCR using the five genes showed positive results highly specific to incurable cases (91-100%). With a high specificity, the combi-
nation of these five genes succeeded in identifying 6 out of 20 (30%) additional patients with all types of early recurrence that could
not be predicted by the conventional method. The six newly identified recurrences included four non-peritonedl ones, showing that
RT-PCR using the five genes without a real-time quantitative PCR technique contributes to the detection of minimal residual
disease, :
© 2003 Elsevier Inc. All rights reserved.

Keywords: Molecular marker; Gastric cancer; Peritoneal washing; Minimal residual disease

In the detection of cancer cells from various kinds of -

samples, many researchers aim for the development

of new techniques that overcome the detection limit of .

conventional immunostaining and cytology. Methyla-
tion-specific PCR in ductal lavage fluid for breast cancer
[1] and digital protein truncation assay in a stool sample
for colorectal cancer [2] are good examples. mRNAs are
also a good target for cancer cell detection. To date,

* Corresponding author. Fax: +81-3-3541-2685.
E-mail adelress: hksasaki@gan2.res.nce.go.jp (H. Sasaki).

0006-291X/$ - see front matter © 2003 Elsevier Inc. All rights reserved.

doi: 10.1016/.bbre.2003.12.025

many reports on mRNA detection of cancer cells have
been published but the essential task, the selection of
candidate genes, is knowledge-dependent in most of
those previous studies.

As for pgastric cancer, mRNAs from peritoneal
washings or lymph nodes are used to demonstrate
minimal residual disease in investigational studies [3-5).
For advanced gastric cancer, peritoneal cytology plays
the pivotal role in the decision for treatment strategy
because peritoneal metastasis is the commonest mode of
recurrence [6] and discourages radical surgery. However,
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not a few gastric cancer patients with negative cytology
develop peritoneal metastasis as a result of the sensi-
tivity boundary of cytology. mRNA detection of cancer
cells from peritoneal washings may provide us with a
more sensitive way, and efforts are being made to
establish detection techniques. Carcindembryonic anti-
gen {CEA) is a well-known tumor marker and has been
used to detect a very small number of adenocarcinoma
cells in the blood, peritoneal wash or other body fluids
[3,7,8]. The expression of CE4 mRNA, however, is not
specific to cancer cells and often produces false positive
results [9]. Other more specific genes are awalted for
more accurate dlagnosxs

Thereéfore, we conducted a gene screemng usmg mi-

croarray in a search for a molecular marker of gastric . .

cancer cells in the peritoneal cavity.

Materials and methods

Peritoneal wash samples and patient prafifes. One hundred and eight
peritoneal wash samples and 46 gastric cancer tissues were collected
from 108 out of 235 consecutive gastric cancer patients who gave

Table 1
Primer sequences

written informed consent and whose surgery was performed from
August 1999 to March 2000 at the Nationa! Cancer Center Hospital,
Japan. Patients with clinically advanced disease were always candi-
dates for peritoneal wash cytology. One hundeed milliliters of the
peritoneal washings collected during surgery was halved for cytology
and RNA extraction. If massive ascites was present, the ascites was
sampled instead. From 2! patients with early disease, the entire wash
samples were used only for RNA extraction. Nine patients were
excluded because of loss of follow-up, recent history of another intra-
abdominal cancer, or metachronous peritoneal metastasis after posi-
tive surgical margin. All disease-free patients were followed up at least

- 2 years. Patients were evaluated for recurrence through consultation

visit, measurement of serum CEA, and CA19-9 at 3-month intervals,
and clinical imaging once a year including chest X-ray, abdominal
ultrasonography, and computerized tomography scanning. In cases
where recurrence was suspected, these routine imaging techniques and
barium contrast énema were used for the establishment of diagnosis.
Patients without evident incurable factors had no adjuvant therapies as

_ long as no disease recurrence was confirmed except for a small number

of participaits in a clinical trial.

Cell lines. As a positive control for the first gene screening with
microarray, we used gastric cancer cell lines instead of positive cytol-
ogy samples because the cellular population of cancer cells on cytology
positive slides was below 10% in most cases. Eight cell lines derived
from diffuse-type gastric cancer, HSC39, HSC43, HSC44, HCSSS,
HSC39, H3C60, OCUM2ZM, and KATO III, and four cell lines from
intestinal-type gastric cancer, HSC57, MKN7, MKN28, and MKN74,

Gene Quter forward primers .

Inner forward primers

Outer reverse primers

Inner reverse primers

CK20 5-CAGACACACGGTGAACTATGG-Y
5'-GATCAGCTTCCACTGTTAGACG-¥

FABPI  5$-GAGCCAGGAAAACTTTGAAGC-Y

§'-CAATGTCACCCAATGTCATGG-¥
MUC2  §-CCGGGGAGTGCTGTAAGAAG-3
$.GCTCTCGATGTGGGTGTAGG-
TFFI §-CAGACAGAGACGTGTACAGT-3
5-AAGTCAGAGCAGTCAATCTGT-¥
TEF? . CTGGAATCACCAGTGACCAGT-Y
5-GGCACTTCAAAGATGAAGTTG-¥
MASPIN  5'-CTCACAATAGCCGATATCAGA-¥
5. AATCTCAGAACAAGAAGAACCT-¥
GWI12  5-CTCCTCGAGGGACCAAATCT-¥
§.CACTTTGTCACTGCCATCAG-Y
PRSS4 §.CTGGGCACAGTTGCTGTCCC-Y
5.GGCCACCAGAGTCACGCTGG-¥
MDK 5-CCTGCAACTGGAAGAAGGAG-Y
5-GGAGGCTCAAGCTTCCCAGA-Y
SOX9 §-GGTTGTTGGAGCTTTCCTCA-Y
§.AGCAATCCTCAAACTCTCTAG-Y
CDXI §-ACTGAACGGCAGGTGAAGAT-Y
§-AGGGTGGATAGGTGACTGTC-Y .
CEA §.TCTGGAACTTCTCCTGGTCTCTCAGCTGG-3
5. TGTAGCTGTTGCAAATGCTTTAAGGAAGAAGC-¥
p-Acin  CACTGTGTTGGCGTACAGGT-Y

TCATCACCATTGGCAATGAG-Y

5GGGACCTGTTTGTTGGCAATG-¥
5-ATTTGCAGGACACACCGAGCAT-Y

§'“TCATGAAGGCAATCGGTCTG-¥
5. GTGATTATGTCGCCGTTGAGT ¥

5 GACAACCAGCACGTCATCCT ¥
5'-CTCCTCTTTGCAGCAGGAGC-3

' §-CCCGTGAAAGACAGAATTGTG-Y
5-CCGAGCT-CTGGGACTAATCA-Y

§-ATG dATGCT GTTTCGACTCC-¥
5-GGCACTTCAAAGATGAAGTTG-

¥-GGGCCACT GTCGGCATCATGA'ITGG‘-T
S-TGTAGCTGTTGCAAATGCTTTAAGGAAGAAGC-Y
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were maintained in RPMI1640 supplemented with 10% fetal calf
serum, 0.15% sodium bicarbonate, 2mM L-glutamine, and penicillin-
streptomycin, Cells were harvested only for RNA extraction,

RNA extraction. All the specimens and the pellets of the peritoneal
washings were frozen immediately in liquid nitrogen and stored at
-80°C until use. Fer total RNA isolation, ISOGEN kit (Nlppon
Gene, Toyama, Japan) was used.

Gene screening strategy using microarray. We performcd micro-
array analyses of gene expression in the clinical materials and gastric
cell lines to screen out marker genes capable of detecting gastric cancer
cells in the peritoneal washings using Affimetrix U25Av2 GeneChips
(Affymetrix, Santa Clara, CA) featuring 12,625 transcripts. The pro-
cedures were conducted according to the supplier’s protocols as de-
scribed previously [10]. The arrays were scanned using the GeneArray
scanner (Affymetrix) at 3-pm resolution, and the scanned image was
analyzed quantitatively with the computer software Microarray Suite
4.0 (Affymetrix) to generate raw signal intensity data. In order to
compare mRNA expression levels among samples, we normalized the
raw data by setting the mean of the signal intensities of all probe sets to
1000 in each sample. The normalized signal intensity is referred to as
AD (average difference) score. For statistical analysis to select genes,
Microsoft Excel was used. First, microarray analyses were performed
in 8 peritoneal wash samples from early gastric cancer patients and 12
gastric cancer cell lines. The eight peritoneal washings were used as
negative control and the 12 cell lines as positive control to find genes
specific to cancer cells. Seventy genes were extracted and then 46
gastric cancer tissues were also analyzed by microarray to exclude
genes rarely expressed in primary gastric cancers. The finally selected
genes were then validated by reverse transcription (RT)-PCR analyses
in peritoneal washings from patients whose clinical cutcome was fol-
lowed up at least 2 years.

RT-PCR analysis in RNA samples from peritoneal washings. To
overcome the limitation in the amount of samples needed for frequent
RT-PCR analyses, we produced hundreds of micrograms of cDNA
from | to 5pg total RNA prepared from the peritoneal washings of
104 gastric cancer patients by an efficient methed of high-fidelity

Early cancer cases

mRNA amplification, called TALPAT [10]). RT-PCR was carried out
in a total volume of 50l containing upstream and downstream
primers {0.1 nmol each), 2.0 mM MgCly, 0.25 mM dNTP, 0.1 pg of the
¢DNA from each patient, and 2.5U Ex Tug polymerase. (Takara,
Shiga, Japan).

The first PCR was cycled 25 times and another 15 cycles with 1/
20 pl from the first PCR solution was added (or nested PCR, For CEA,
euch cycle was heated at 95 °C for L min and 72°C for 2.5 min, and for
all of the other genes, 95°C for | min, 55°C for ! min, and 72°C for
[ min, PCR. was cycled the above times followed by incubatidn at 72°C
for 10 min. The PCR products were separated by electrophoresis in 2%

Table 2

Frequency of expression in primary cancers

e All types Intestinal  Diffuse * P value®

(n=46)  typs* type® '
. n=1n (n =29

CK20 20 (43.5) 8 (47.1) 12 (41.4) 0.71
FABPI 25 (54.3) 1 (64.7) [4 (48.3) 0.28
MUC2 17 (37.0) 7 (41.2) 10 (34.5) 0.65
TFF1 45 (97.8) 16 (94.1) 29 (100) 0.19
TFF2 35 (76.1) 11 (64.7) 24 (82.8) 0.17
MASPIN 32 (69.6) 15 (88.2) 17 (58.6) 0.04
GWli2 36 (78.3) 14 {82.4} 22 (75.9) 0.61
PRSS4 41 (89.1) 17 (100} 24 (82.8) 0.07
MDK, 40 (87.0) 15(88.2) 25 (36.2) 0.84
S0X9 43 (93.5) 17 {100} 26 (89.7) 0.17
CDX1 19 (41.3) 9(52.9) 10 (34.5) 0.22

®Intestinal type includes we[l and moderately differentiated
adenocarcinoma. :

b Diffuse type includes poorly dtﬂ”erenhatcd adenocarcmoma and
signet ring cell carcinoma.

°The proportional differences were calculated by test.

Cytology positive céées

CK20

FABP1

MUC2

TFF1

TFF2 | §F

MASPIN

GW112
PRSS4.- |

MDK
S0X9

coxX1

‘B-actin

ST e gt B e -r--i-',-n—-.—

T mrerehem ke bbb 4B LBl

Fig. 1. Results of RT-PCR on peritoneal washings. The mRNAs of five genes, CRK20, FABPI, MUCZ, TFFI, and TFF2, were detected in most of the
cytology-positive cases, but in none {except for TFF[) of the eight early gastric cancer cases even after a nested PCR, The other genes, MASPIN,
GWI12, PRSS4, MDK, SOX9, and CDXI, also showed correct results by a single PCR. The integrity of extracted RNA was confirmed by RT-PCR
of f-actin mRNA, Top of each lane: M, a size marker, and each number, a sample No.



934 K. Mori et al. I Biochenical und Bivphysical Research Communications 313 (2004) 931-937

aparose gel, stained with ethidium bromide, and visvalized under ul-

traviolet transilluminator. Primer sequences are shown in Table 1.
Sratisticel analpses. Survival analyses were made by Kaplan-Meier

curves with the diagnosis of disease recurrence as the endpoints.

Results

The peritoneal washings from gastric cancer patients
contain erythrocytes, leukocytes, dissociated peritoneal
mesothelium, and a small number of cancer cells.
Therefore, genes, which express in cancer cells but not in
leukocytes or the mesothelium, are considered to be
targets for detecting minimal gastric cancer cells in
peritoneal washings. The first step of gene selection
using a microarray of 12,625 transcripts left 70 genes
whose mRNAs were not only undetectable (AD score

corresponding to a signal intensity is below 500) in the
peritoneal washes of all the eight early gastric cancer
patients, but also abundant (AD score higher than 5000)
in at least one of the 12 gastric cell lines, CEA did not
fulfill this requirement because the AD score exceeded
the threshold of 500 in only one peritoneal wash sample.
In the second step, 40 genes out of the 70 were selected
considering their known functions, tissue specificity, and
expression levels in the primary gastric cancer tissues.

The final step for the 40 genes, in which 16 representa-
tive peritoneal wash samples derived from both eight
early cases and eight cytology-positive.cases were ana-
lyzed by RT-PCR, yielded 11 genes whose mRNAs were
detected .in the cytology-positive cases but not in the
early gastric cancers. Among them, mRNAs of five
genes, TFF! (except for No. 17}, TFF2, FABP!, CK20,

Table 3
Cytology and RT-PCR results in 99 patients .
Cytology Incurable discase (i) CK20 FABPI MuUC2 TFF! TFF2 Two or more CEA
: : of five genes
Positive (18)  Peritoneal 10 12 7 15 13 - 15 17
Negative® None® (55) 0 "3 0 5 4 1 10
' Peritoneal (9) 4 4 3 3 2 4 7
Non-peritoneal metastasis 2 5 1 7 4 4 7
(13) (recurrence) .
Proportional differences*® <0.04 0.005 0.19 0.0009 <0.04 0.004 0.013
Non-peritoneal metastasis (3) 0 0 0 0 L - 0 1
{synchronous) Ca : . .
Unresectable (1) . l- 0 0 0 0 0- |
Overall specificity to incurable cases (%) 100 95 100 91 93 9gb 82
Sensitivity to cytology positive cases (%a) 56 67 39 g3 72 83 04

“ Including clinically early stage cases for which cytology was not performed.

®Two cases for TFF1 and CEA and one for TFF2 developed recurrence after 2 years. The only case positive for more th'tn two markers also had
peritoneal recurrence and, accordingly, the specificity to incurable cases was 100% finally. .

¢ Proportional differences between non- pemone'ﬂ recurrence and recurrence free group. One-sided Flsher s exact test

No recurrence W|thm 2 years

P, recu’fréﬁce

CEA

CK20

FABP1

MUC2

TFF1

Fig. 2. Representative RT-PCR results of the five type A genes and CEA in peritoneal washings of 99 gastric cancer patients. Ten positive cases for
CEA (18%) were observed in the 55 patients who had no incurable factor and did not develop recurrence within 2 years, while there were no positive
cases for CK20 and MUC2 (0%), 3 for FABPI (5%), 4 for TFF2 (1%), and 5 for TFFI (9%). Two cases (No. 31 and 49) eventually had recurrence
after more than 900 days {arrow?}.
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and MUC2 were not detectable in the eight early cases
even after a nested ‘PCR (Fig. 1). The other genes,
MASPIN, GWIi12, PRSS4, MDK, SOX9, and CDXI,
also showed correct results by a single PCR but pro-

0 1 13

f Markérnegatlve )

% 0.8 -

a7

=

2 Single-marker positive

£ 0.6 p

o

k=

=

E 04 4

z

s .

'52-‘ 0.2 4 Multi-marker positive

3

e i,

o 0 4

' T T 1 T T T T —
0 400 800 © 1200

" Days

Fig. 3. Disease outcome of 75 potentially curative patients without
synchronous metastases or positive cytology. Probability of metastases
was significantly different among groups classified according to the
result of RT-PCR with the five markers ldentlﬁcd in this study (log-
rank test, P < 0. 0001)

duced positive bands in the early cases by nested PCR.,
The frequency of their expression in the 46 gastric can-
cer tissues by microarray analyses is shown in Table 2,
Almost none of these 11 genes had a significant differ-
ence in their frequency between intestinal-type and
diffuse-type cancers, suggesting that these genes can be
markers detecting gastric cancer. cells derived from
either major type of gastric cancer. o
Next, expression of the former. five genes together
with CEA was examined by nested PCR in the 99 peri-
toneal wash samples. Table 3 shows the number of po-
sitive results in each group of patients divided according
to  their cytology and disease outcome. Fifty-five pa-
tients were. free from disease recurrence within 2 years
after surgery and positive results in this group were 10
for CEA and 0-5 for the five genes identified in this
study. Thus the specificity of the 5 genes identified in this
study to early recurrence was 91-100%. Multiple (two or
more) positive results with the five genes (not including
CEA) were far more reliable and produced better spec-
ificity and sensitivity and, therefore, may be defined as
high-risk of recurrence. The specificity may be improved
with further followup and, actually, two additional cases

Table 4
Clinical outcome and disease stage of 24 patients with two or more positive RT-PCR results ] ‘
Cases Tumor depth  Nodal Main | ‘ DFst CK20 FABP! MuC2 TFFI TFF2
: ’ metastases® metastatic site o i o
l T2 10145 Peritoneum 986 - - - ot +
2 T3 16/84 " Peritoneum’ 239 + + - + -
3 T3 19/75 Peritoneum -~ 348 + + + o+ +
4 T2 RS T Liver : - 183 C - + - + -
5., T2 41/64 - Liver : 369 - + - +° +
6 LT3 9T . Lung 418 + + - C+ +
7 T3 2770 " Systemic® 130 + + + + +
. . . CYAP
8 " T3 2837 Lymph nodest CY+, P- - - - + +
9 T3 46/59 * Peritoneum CY+, P- - + - + +
10 T3 27159 Peritoneum . CY+, P- - + - + +
{1 T3 5/84 Peritoneum CY+, P- + + - + -
12 T4 22133 Peritoneum CY+, P- + + - + +
13 T3 50/84 Systernic® CY+, P + - + + +
14 ‘T3 9/48 " Peritoneum CY+, P+’ + + - - -
15 T3 16747 Peritoneum CY+, P+ - S+ - + +
16 T4 . 23151 Peritoneum CY+, P+ - - + + +
17 T3 0/4 Peritoneum CY+, P+ + + - + +
i8 T4 - . Pesitoneum CY+, P+ + + + + +
19 T4 — Peritoneum CY+, P+ + + + + +
20 T3 11744 Peritoneum CY+, P+ + + + + +
2! T3 — Peritoneum CY+, P+ + + + + +
22 T3 18721 Peritoneum CY+, P+ + + + + +
23 T4 25162 Peritoneum CY-, P+ + + + - -
24 T3 18/40 - Peritoneum CY-, P+ + + + + +

* Metastatic/investigated nodes.
b Disease free survival {days).

“Multifocal hematogenous metastasis was observed but no evident peritoneial disease.
Y Cytology and macroscopic periteneal nadules,
“Obstructive jaundice due to metastatic nodes in hepatoduodenal membrane,



936 K Marr’ et al. | Biochemical and Biophysical Research Communications 313 (2004) 931-937

of recurrence were observed in the RT-PCR positive
cases after more than 900 days after surgery (Table 3
and Fig. 2). The impact of these markers on the disease
outcome after potentially curative surgery was shown by
the Kaplan-Meier curves and log-rank test (Fig. 3).
Patients with multiple-positive results with these five
genes had a significantly poorer prognosis than the rest
of the patients.

Interestingly, a notably high proportxon of positive
results was observed in the non-peritoneal recurrence
group (Table 3, one sided Fisher's exact test, p = 0.19-
0.0008). Table 4 shows all cases with multiple positive
results and the pathological stage and disease outcome
of such cases. Most cases had evident or retrospectively
proven peritoneal free cancer cells but four hematoge-
nous recurrences were observed among them. It may be
safely presumed. that these four patients initially had
minimal residual disease in their peritoneal cavity that
could have predicted disease recurrence. RT-PCR with
the combination of five genes was able to detect 6 out of
20 additional cases of early recurrence that the -con-
ventional method was unable to predict. Moreover, out
of 29 incurable cases without synchronous macroscopic
incurable factor (such as peritoneal nodules and/or liver
metastasis), this method alone could predict 12 cases
whereas conventional cytology alone identified nine
cases. '

Fig. 2 shows all RT-PCR positive results for patients
without early recirrence and with peritoneal recurrence
after negative cytology. Cases 31 and 49 eventually de-
veloped peritoneal recurrence (disease free sur-
vival =986 days) and Krukenberg Tumor (disease free
survival = 1167), respectively, after a long occult disease
stage period. The rest of the positive bands in the
no-recurrence group were generally very weak.

Discussion

Microarray technique has been reported to have a
great potential for identifying genes able to classify
phenotypically identical tumors [11,12] or predict tumor
sensitivity to chemotherapeutic or hormonal agents
[13,14]. Our present study demonstrated that this tech-
nique is also a very useful tool for identifying molecular
markers for detecting minimal residual disease.

Other analyses directly comparing the gene expres-
sion of peritoneal washings from eight early gastric
cancer and four cytology positive cases yielded a set of
inflammation-associated genes; however, RT-PCR
analyses on these genes including GR0O3, SCYA20, and
PTSG2 failed on identification of marker genes specific
to cytology positive samples.

FABPI/L-FABP encodes the liver fatty acid binding
protein and is expressed only in the epithelial absorptive
cells of the duodenum, jejunwm, ileurn, and colon, but

not in the esophagus and stomach, while its mRNA
expression in gastric cancer has not been reported yet
[15]. Accordingly, our data are the first to show the
frequent expression of FABPI in gastric cancers. CK 7
and CK 20 are reportedly potentially useful markers for
an immunohistochemical study to rule out patients with
a high risk of Barrett’s esophagus and cancer [16], and
CK20 for the detection of lymph node micrometastases
in patients with gastric cancer [5]. A subset of gastric
cancers has been reported to express TFFI, TFF2, and
MUC2 mRNAs [17].

It is quite interesting that 13 patients with non-peri-
toneal recurrences in the potentially curative patients
frequently showed positive results by RT-PCR. It is a
generally accepted concept that the tumor cells dissoci-
ated from the primary lesions do not always form met-
astatic lesions [18]. To form a peritoneal metastasis,
tumor cells need to survive after the dissociation from
the primary lesion. In gastric cancer, the expression of
integrin a6p4 was shown to induce apoptosis of gastric
cancer cell lines m_]ected into mouse peritoneal cavity
and that its expression in gastric cancer inversely cor-
related with the frequency of peritoneal metastases [19].
In the cases that developed non-peritoneal recurrence,
we may have detected gastric cancer cells that could not
survive in the peritoneal cavity long enough to form
peritoneal metastases. The detection of free cancer cells
in the peritoneal cavity does not necessarily predict
peritoneal recurrence but may well be interpreted as
their malignant potential characterized by the resistance
to apoptosis induced by the dissociation from the pri-
mary lesion.

The present results demonstrate that nested RT-PCR
on the peritoneal washings using multiple genes is a
specific and sensitive tool for detecting rare gastric
cancer cells in the peritoneal cavity, so that gastric
cancer patients are able to receive more suitable indi-
vidualized therapies. Benefits from adjuvant therapies or
radical surgery are still a matter of controversy [20-23)].
However, most past ¢linical trials were designed for non-
stratified patients and thus may have buried the poten-
tial benefit of adjuvant therapies confined to the very
early stage of metastatic disease. Patients with minimal
residual disease after sufficient local control may be the
most ¢eligible patients for clinical trials of post-operative
adjuvant chemotherapy. After confirmation of our
findings, future clinical trials featuring the molecular
markers identified in this study may be of great impor-
tance in finding out more suitable treatment strategies
for gastric cancer patients.
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OBJECTIVE. We sought to assess the C’I‘ features of surglca!ly resected large cell neu-
roendocrine carcinoma of the lung,

 MATERIALS AND METHODS. Thc cases of all pauents ‘who underwent surgical re-
scctlon for pnmary lung cancer in a smgle 1nst1tutlon from 1993 to 2000 and who recewed an
carcmmd tumor, and large cell neuroendoctine carcinoma were hlstologtcally reviewed. The'
ﬁndmgs for 43 patients were histologically reclasmﬁed and confirmed as large cell neurgen-
docrine carcmoma The CT scans available for 38 patients were evaluated by two observers

" RESULTS. In the 38 patients, six central tumors and 32 peripheral tumors, with diameters rang-
ing from 12 to 92 mm (mean * SD, 32 + 19 mm), were identified. None of the tumers had air bron-
chograms or calcification in the mass or nodule. Of the 19 patients with thin-section CT scans, 14
(74%) showed the tumor-lung mtérfacp_ as well defined and five (26%) showed the interface to be ill
defined. Lobulation was identified on 13 scans (79%) and spiculation was evident on six scans
(32%). On contrast-enhanced CT scans, inhomogeneously enhanced tumors appeared to be larger
(51 + 18 mm} than homogeneously enhanced tumors (25 £ 10 mun; p < 0.001). At histopathologic
examination, gross necrosis was noted in 20 of 28 patients who had undergone contrast-enhanced
CT, and the ¢ause of inhomogeneous enhancement on CT scans was determined to be intratumoral
necrosis. Multiple microscopic necroses were present in all 28 patients.
" CONCLUS!ON. Large cell neuroendocrine ¢arcinoma usually appears as a well- defined
and lobulated tumor with nio air bronchograms or calcification. The inhomogeneous enhance-
ment {caused by necrosis) seen in large cell neurcendocrine carcinomas with large diameters

¢

is not necessarily apparent in small- d1ameter (<33 m.m) large cell neuroendocrmc carcino-

mas, even if the tumor contains necrosis.

n the revised World Health Organi-
zation (WHO) classification of lung
cancer published in 1999, large cell
neuroendocnne carcinoma was categorized as a
varfant of large cell carcinoma [1]. Large cell
neuroendocrine carcinoma of the lung is defined
as a poorly differentiated and high-grads neu-
roendoctine tumor that morphologically and bi-
ologically may be placed between atypical
carcinoid tumor and small cell carcinoma [2].
Some researchers have reported that survival
rates for patients with large cell neurcendocrine
carcinoma are lower than those for patients with
comparable stage I non-small cell lung carci-
noma [3] or classic large cell carcinoma [4] and
are no different than those for patients with small

" cell carcinoma {3). Large cell neurcendocrine

carcinomas of the lung have been more fre-
quently studied in recent years; however, the

number of patients with large cell neurcendo-
crine carcinoma is still relatively small in com-
parison to the rumbers of patients with
squamous cell carcinoma, adenocarcinoma, or
small cell carcinoma. Several reports have de-
seribed the pathologic and clinical feafures of

“large cell neuroendocrine carcinomas; but infor-

maztion on the imaging characteristics of these
carcinomas is limited [6, 7]: For this reason, we
analyzed the CT findings of 38 patients with re-
sected large cell neuroendocrine carcinomas to
determine the CT characteristics of these tumors
and to identify any specific imaging features that
may help in the diagnosis of the disease.

‘ Mé;terials and Methods

Between 1982 and 1999, 2,790 patients under-
went surgical resection for primary lung carci-
noma at the National Cancer Center Hospital. To
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extract cases of large cell neuroendocring carcinoma
from this large pool of paticnts, we reviewed the
records of 572 patients who had received one of the
following histologic diagnoses: small cell carei-
noma, poorly differentiated adenocarcinoma, poorly
differentiated squamous cell carcinoma, large cell
carcinoma, carcinoid tumor, and large cell neuroen-
docrine carcinoma. Three patholegists: mdepen-

dently reviewed each case, resolving d:screpanmes '
among their findings by consensus, lmmunoh:s-
tochemical tests were performed on ‘retained speci- -

mens to confirm the neurcendocting phenutype in

every patlent The details of histopatholomc review -

of the cases have been described prewous]y [3].

In 87 of the 572 patients, the carcinomas were 8-

classified and confirmed as large cell neurcendo-,
. crine carcinomas. CT scans were available for
review in 34 of the 38 patients who underwent sur-

prainarioe e e Panents ;
L Flndmg —
‘ N No. | %
Tumor location in Iobe -
* Peripheral © - ‘ | 32| &4
Central - : 8 16
Tumor location by lobe -
Right *
Upper 12 32
Middle 3 | 8
Lower 8 | 2
Left
Upper 12 32
Middle 0
Lower
Internal characteristics
Air bronchogram 0 0
Calcification 0o
Cavitv 1
Other ilndlngs _ | _
Endobronchial growth 2 5
Obstructive pneumonia 3 8
Pleural effusion 3 24
Tumor-lung interface features® - )
Well-defined 14 T4
I-defined 5 26
Smooth 1 5
Lobulated 15 79
Spiculated 6 32
Greund-glass opacity 3 16
Syrrounding emphysema? 4 2]

Note—Averags tumor size + S0 =32 £ 19.mm.

"Thesa findings apply only to the 19 patients who under-

went thin-section CT.
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gery during the most recent 7 years of ihe study pe-
riod (1993-1999). In addition, we identified four
patients with a histologically determined dingnosis
of large cell neurcendocrine carcinoma who had un-
dergone CT in 2000. Therefore, our study popula-
tion consisted of 38 patients, 36 men and two
women, whose ages ranged from 45 to 82 years
{meun, 66 years). OF the 38 patients, 20 had lesions
classified as large cell neuroenducnne carcinomas at
the initial diagnosis. The initial pathologic diagnoses
of the lesions in the remaining 18 patients wete as

 follows: eight small cell carcinomas (six intermedi-

ate cell type), seven poorly ‘differentiated adenocar-
cinomas, twa large cell carcinomas, and one poorly

differentiated squamous cell carcinoma, Thirty-one -
,of 38 patients who presented without pulmonary

symiptoms had abnormal ﬁndmgs on chest' radio-
graphs obtmned dunng a routme examination,

- Symptorns in the remaining’ seven patients included
“low-grade fever (i = 1), thest and back pain (n = 1};

hernosputum {# = 3), and cough {1 = 2). Thirty-one

. patients had besn smokers for between 12 and 200

pack-years (mean, 62 pack-years). Six patients had

_quit'smoking 3~17 years (mean, 7 years) before di-

agnosis. In one patient, a smoking history could not

_ be obtained. Surgical procedurcs mc[uded a partial
- resection of the mass in four pauents. segmentec-

tomy in one patient, fobectomy in 27 patients, and
preumonectomy with rcomna! Iymph node d:ssec—
tion in six pancnts

- CT scans were obtained with X- Vlgor ot TCT-
900§ "units {Toshiba, Tokyo, Japan). The helical
technique (collimation, 10 mm; pitch, '1.5) was
used and covered the area from the fung apices to

.the diaphragm. In 28 patients, nonionic jodinated

contrast material {Topamiron [iopamidol 300 mg I/
mL], Nihon Schering, Osaia, Japan) was adminis-
tered IV at a rate of 1-2 mL/sec. Contrast -en-
hanced CT scans were obtained within 120 sec
(range, 70-120 sec) “after the onset of contrast ma-

-terial infusion. Unenhanced scans were obtained

in 20 of 28 patients who underwent contrast-en-
hanced CT. In I9 of 38 patients, additional thin-
section (collimation, 2.0 mm; pitch, 1.0y ‘scans
were obtained at the level of the lesion. All CT
scans were obtained with 120 kVp and 200 mA.
The scans- were viewed on standard mediastinal
window sesting (window level, 60 H; window
width, 550 H) and lung window setting {window
level, 600 H; window width, 1500-2000 H). The
CT scans were assessed by two radiologists who
reached conclusions by consensus,

CT scans were reviewed for location, size, and
internal characteristics of the tumor. The descrip-
tions of tumor location included identification of
the affected lung lobe and of the position—central
versus peripheral—of the tumor in the lobe. Cen-
tral tumors were defined as those that involved the
carina or a main segmental bronchus. Peripheral
tumors were defined as those surrounded by lung
parenchyma or distal to the subsegmental bronchi.
The scans were evaluated for the presence of en-
dobronchial growth, obstructive pneumonia® or
atetectasis, and plevral effusion. Ou thin-section

CT, tumor-lung interface characteristics were as-
sessed and the presence or absence of surrounding
emphysema was noted.

Enhancement of the nodules was assessed subjec-
tively by compazing the enhancement of the chest wall
muscle on the unenhanced scans with corresponding
enhancement on the contrast-enhanced scans. The en-
hancement pattems of the nodules were noted as either
homogeneous or inhomogeneous, Inhomogeneity was
defined as the presence of an area of low attenuation in
the highly attenuated background of the nodule. Nod-
ules with peripheral rim enhancement were also con-
sidered to have inhomogeneous enhancement. For the
28 patients who underwent contrast-enhanced CT, we
reviewed the pathologic reports to identify those pa-
tients whose reports mentioned that necrosis was
present in gross specimens and then comelated the
presence of necrosis with the CT findings. Statistical
anatyses of size and macroscopic necrosts between ho-
mogeneously and mhomogeneeusly enhanced turnors
were performed using Student's ¢ test and FlShCl’ s ex-
act test, respectively. Mediastinal or hilar Iymph nodes
that were larger than 1 ¢cm in the short-axis diameter
were regarded as evidence of lymphadenopathy. Tu-
mors were staged according to the TNM classification
scheme (8], No patients had extrathoracic metastases
at the time of diagnosis. Distribution of the'clinical
stages was as follows: stage IA (2= 20); stage IB (n =
7); stage TA (n = 1); stage [IB {n = 3); stage A (n =
5); and stage HIB {n = 2). The CT findings regarding
the umor-lung interface and intratemoral necrosis
were correlated with findings at surgery and patho-
logic examination.

Results

The CT findings of large cell neurcendo-
crine carcinomas are summarized in Table 1.
The right lung was involved in 23 (61%) and
the upper lobes were involved in 24 (63%) of
the 38 patients studied. The tumors were seen
peripherally in 32 patients (84%) and cen-
trally in six patients (16%). Endobronchial
growth and obstructive pneumonia were as-
sociated only in p'\tiehts with centrally lo-
cated tumors. Neither air blonchograms nor
calcification was obsérved in any pntlcnt ’

Among the 19 patients who underwent thin-
section CT, the more common tumor-lung in-
terfacé chavacteristics were a well-defined inter-
face (74%) and lobulation (79%) (Fig. 1).
Spiculation (Figs. 2 and 3} was observed in six
patients (32%). In four patients, however, spicu-
lated miarging appeared as fibrotic strarnds be-
cause of p"uacicqtrich! emphysema or linear
opacities made more pronounced by preexisting
emphysema (Fig. 2.

On contrast-enhanced CT, attenuation of all
the tamors vasied from slightly less than to
more than the attentuation of the chest wall
muscle, Among the 28 patients who had con-
trast-enhanced CT, 15 (54%) had tumors with
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homogeneous enhancement (Figs. 2 and 3), and
13 tumors (46%) showed inhomogenecus en-
hancement. Of the inhomogeneously enhanced
tunors, five had peripheral rim enhancement.
As shown in Table 2, the inhomogeneously en-
hanced tumors were generally larger than the
homogeneously enhanced tumors. At gross pa-
thology examination of the resected tumors, ne-
crosis was identified in seven of the 15
homogeneously enhanced carcinomas and in all
of the 13 inhomogeneously enhanced carcino-
mas (Table 2). The largest homogeneously en-
hanced tumor with necrosis was 33 mm.

Al histopathologic examination, pulmonary
alveoli were filled entirély with tumor cells or
had a compressive growth pattemn, giving the
appearance of a well-defined margin. Lobulated
margins observed on CT reflected the interrup-
tion of tumor growth by anatomic structures or
tumor extension due to differential tumor
growth. In four patients, spiculation was attrib-
utable to paracicatricial or preexisting emphy-
sema. In all other patients, spiculation

comresponded to vascular and lymphatic inva-
sion, a normal vaseular structure, athickered in-
terstitium, or an irregularly protuberant tumor

Fig. 1.—Thin-section (2-mm collimation) CT scan ob-
tained with [ung window setting in right lower lobe of
77-year-old man with large cell neuroendocrins carci-
noma shows well-defined lobulated nodule.

AJR:182, January 2004
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nest. In two patients, tumors associated with the -

bronchial wall were identified as endobronchial

polypoid lesions that invaded the surrounding’

lung parenchyma. In one of the two patients, the

invading lesion was ac_companied by cbstruc-
tive pneumonia. The cause of inhomogeneous’

enhancement was intratumoral necrosis.

Nécrosis ‘was noted in the gross pathology -

spectmens of 20 of 28 patients who had con-
trast-enhanced CT scans. The difference be-
tween homogeneously and inhomogeneously
enhanced tumors in the incidence of macro-
scopic necrosis was statistically significant (p <
0.003). Although the gross necrotic area was dif-

ficult to determine in the cut siirface of the small -

turmors, multiple punctate necroses were ob-
served microscopically in each case. In the large
tumors, necrotic foct were larger and tended to

be confluent. Consequently, the 'tumors con--

tained extensive necroses. Inhomogeneous en-
hancement with peripheral rim enhancement
represented a large central necrosis.

Discussion

The classification of pulmonary neurcen-

docrine tumors of the lung is complex and
potentially confusing. For many years, carci-
noid tumeors and small cell lung carcinomas
were the only two recognized types of these
tumors. In 1972, Arrigoni et al. [9] proposed
that bronchial carcinoid tumors be separated
into typical and atypical variants, with the lat-
ter having more malignant histologic charac-

teristics and’ clinical manifestations. Since
'then, neuroendocrine tumors of the lung have’
been frequently classified into three catego-'

ries: typical carcinoid, atypical carcinoid, and
small cell carcinoma [2, 10]. Most tumors
classified morphologically as being between
typical carcinoid tumor and small cell carci-
noma have been called atypncal carcinoids.
However, these tumors were too . heteroge-
neous to be groupcd mto a single. category,
Subsequently, Travis et ‘al. [10]. proposed a
fourth category, large “cell neuroendocrine
carcinoma, which “is charactetized by a
poorly differentiated and high-grade neuroen-
docrine tumor of the non-small cell type.
Large cell ncurocndocrme carcinomas have
been categonzed 25 being between atypical
carcinoids and small cell carcinomas in terms
of clinical aggressiveness [2, 5, 11].

The incidence of large cell neuroendocrine
carcinoma in cases of resectable primary lung
cancers is 2.8-3.1% (2, 3). The clinical features
of the 38 patlents with large ce[l neuroendocrme

" carcinoma in our study—the mean age, pre-

_ dominance of men, and strong assocxanon with
smoking—were. sumlar to .hose prcwously
documented in’the htcmture [2 10] Howcvcr
31 patients (82%) were asymptomatic ‘and had
laroe cell neuroendocnne carcinoma detected
mc1denta11y, which is 2 larger’ petcentage than
the percentages prewously teported [6, 7). This
“difference is presumab[y due to the number of
patlents with earher stages of large cell neuroen-
dacrine carcinoma in oirr study populatlon
Large " cell neurcendocrine carcinomas |

have been reported as occurring in either cen-
tral or peripheral locations [10). Our experi-
ence ‘supports a predon'unately peupheral
locatlon In our serles Targe cell neuroendo-
cnne carcmomas wele shghtly more cormnon

Fig. 2—Large cell neurcendocrine carcinoma in 71-year-old-man.
A, Contrast-enhanced conventional 10-mm-thick CT scan obtained in right upper lobe shows round nodufe with

mild hcmogeneous enhancement.

B, Thin-section {2-mm collimation) CT sean ohtained with lung wmdow setting shows ill-defined spiculated nod-
ule. Coarse spiculation {arrows) is evident around periphery of tumar with extension to pleural surface and inte

emphysematous lung.
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" garginoma in 82-year-old man,
A, Contrast-enhanced conventional

. upper laba shaws lobulated nodule
" {arrow) with mlld homogeneuus en-
hancement.: o

CT scan obtained with lung window

nodule {straight arrows} with pleural
‘indentation (curved arrow. i
€. Phutommrograph of hlstopathu-

logic specimen exhibits splculated

margins due to vascular invasion {ar-
-row} and irreqularly protuberant tu-

in the nght lung than in the left and s]1°ht1y
more. common in the upper lobe than in the *

middle or lower lobes The reason for the
lugher incidence in these regions is uncertain;
however, pulmonary carcinomas are known
to occur with a relative frequency of 3:2 in
the right versus left lung and in the upper ver-
sus lower lobe [12] A well-deﬁned and lobu-
lated appearance without air bronchoolams
or calcification was the most common finding

in the large cell neutoendocrine. ea_rcmo_mas

observed in our study These results ars com-
i patible ‘with the recently reported descrlptlons

of large cell neurcendocrine carcinoma (6, 7].
Jung et al. [7] reported that spiculation
was present in eight (73%) of 1! cases of

large cell neurcendocrine carcinoma. In oui

study, spiculation was found in s1x (32%) of *
19 patients who had thin-section CT scang
available. Spiculations are frequently seenin
adenomrcmom‘ls and, occasxonally in’squa-

mous cell carcmomas, cone5pondmv o a:

Neuroendrocrme Carcmoma

" Enhanicement Pattern ART
Feature - - - - P
Homogeneous Inhomogeneous -
Macroscopic necrosis 7 of 15 patients 13 of 13 patients <0.003
Temor size [mm)
Mean + SD 25:10 51118 < 0.001
Range 13-54 20-92

Note.—0Overall mean tumor size £ SD was 32 £19mm,

90

B.

" Fig. 3—Large ce[l neuraendocrme‘ '

l. 10-mm-thick CT scan obtained in laft .

B, Thin- secnon (Z-mm colhmatmn]

setting shows ill-defined spiculated

-, Mot nest{arrowhead). (H and E, %3] -

diffuse desmoplastic response to tumor
growth [13]. In our series, spiculated mar-
gins were caused by paracicatricial emphy-
sema with extension into surrounding
emphysematous lung or by linear opacities
made more prominent by preexisting emphy-
sema in four (67%) of the six tumors with
spiculation. Because emphysehm is thought
to be caused by smoking, the spiculation of
large cell netuoendocrme carcinomas in our
study may be assocmted w1th the high inci-
dence of smokels in our patients: ‘
The scans of 13 of the 28 patients who had.
undergone contmst-enhanced CT showed in-
homegeneous enh'mcement caused by gross
mtmtumonl necms:s Shnst:cally, inhomoge-
negusly enhanced tumols were [arger than ho-
moceneous[y enhanced tumom M:c1oscop1c
focal necrosis was present in each case, and
the extent of necrosis varied COHSIdClab'y In
adenocarcmomas and squamous_cell carcino-
mas, central necrosis is frequent and may be
more. extens:ve in lﬁrﬂer tumors [12]}. Simi-
larly, in lmoe-dlametel large cell neuroendo—
crine a:'ucmomas. l:he necronc area seemed to |
be confluent and more extenswe Althouuh
small-diameter tumors contained macroscopic

. becrosis, they tended to show homogeneous

enhancentent. Identifying these necroses on
contrast-enhanced | CT . was difficult because ,
.the necrotic focn were o0 'small to be detected
Endobmnch:al urowth ha ! <
with typical carcirioid tumors [12], but we ob- -
.. served it only mfrequent]y in ‘the large cell
_neuroendocrine carcinomas in our study. We
found the incidence’ of postobstrucuve pneu--
monia or atelectasis- on CT to be 8%, lower .
than the 27% (3/11 pauents) reported by Jung
..et al. [7]. This difference in findings may be
' the result of 1nfrequent central or endobron-
Ch]a[ growth, - cn

Before its new classxﬁcatlon l'u'ae ceIl neu-

roendocrine carcinoma had been categouzed m

.several ways, In rewewmw prev:ous C'ISCS seen
'in our institution, we notlced that some pauents
" with large cell nem'oendocrme cmcmonn had
formerly beeti dnunosed as h'wmu small cell

- carcinoma, adenocmrcmoma,. squamous cell car-
" cinoma, or large cell carcinoma 3]

R'\djomaphlcally, small cell carcinoma in
most cases exhibits extenswe hilar and medi-
astinal lymphadenopathy,- and sometimes a
primary pulmonary tumor is not recognized
[12). However, 5-10% of patients with small
cell carcinoma have solitary pulmonary nod-
ules [14-16). Among eight patients in our
study initially classified as having small cell
carcinowma, six had been diagnosed as having
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an intermediate cell type of the disease.
Yabuuchi et al. {16] reported that on CT, pe-
ripheral small cell carcinoma displays a
well-defined, rounded, or lobulated homoge-
neous mass. The CT features on the scans of
our patients initially diagnosed as small cell
carcinoma were similar to the CT features of
peripheral small cell carcinoma described
earlier. Large cell neurcendocrine carci-
noma and peripheral small cell carcinoma
also have similar pathologic and CT features.
Thus, histologic review of peripheral small
cell carcinoma cases should be performed
using new WHO criteria because it is possi-
ble that some of the patients with currently
accepted diagnoses of peripheral small cell
carcinoma should be reclassified as having
large cell neuroendocring carcinoma.

Our study has some limitations. The CT
findings in our study population may not re-
flect the findings in all patients with large
cell neuroendocrine carcinoma because our
study was limited to patients whose tumors
were surgically resected. This substantial se-
lection bias might explain the presence of pe-
ripheral tumors in so many of our patients.
However, a diagnosis of large cell neuroen-
docrine carcinoma is usually based on 2 his-
tologic findings in a specimen obtained by
surgical resection, as was the cas¢ in our
study. More research is needed to clarify
large cell neurcendocrine carcinoma findings
in all patients, including patients with large
cell neuroendocrine carcinoma who are not
treated surgically. Other limitations of our
study include a reliance on visual estimation
of the CT scans with no comparison of the
region of interest in the tumor with that in
unenhanced scans and the variation in both
the IV coutrast injection rates (range, 1-2

AJR:182, January 2004
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mL/sec) and scanning times (range, 70-120
sec), each of which may have affected the
homogeneity of the tumor.

In conclusion, we found that large cell
neuroendocrine carcinoma usualtly appeared
as a well-defined and lobulated tumor with-
out air bronchograms or calcification. Infre-
quently, this appearance was accompanied
by spiculation due to paracicatricial or preexist-
ing emphysema. We found that the CT findings
of Jarge cell neurcendocrine carcinomas were
similar to those of other expansively growing
tumors, such as peripheral small cell carcing-
mas, pootly ditferentiated adenocarcinomas,
and squamous cell carcinomas. Large-diameter
farge cell neurcendocrine carcinomas tended to
show inhomogeneous enhancement because of
necrosis, but this type of enhancement was not
necessarily apparent in small-diameter (< 33
mm) large cell neuroendocrine carcinomas,
even if the tumors were necrotic.
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Grade of Stromal lnva5|on in Small Adenocarcmoma of
the Lung

Histopathological Mmimal Invasion and Prognos:s

Hiroyuki Sakurai, MD,*} Arafumi Maeshima, MD 1Z‘Shun -ichi Watanabe MD * Kenﬂ Suzukz MD,*
Ryosuke Tsuchzya MD * Akiko M. Maeshima, MD. ,z‘ Yoshzhzro Matsuno, MD fand
stao Asamura MD*

Abstract: The pathologic features of invasion such as stromal dis-
ruptron and pleural/vascular involvement have been shown to be of
prognosnc value in adenocarcinoma. However, the relationship be-
tween the degree of invasion, histologic subtype of adenocarcinoma,
and prognosis remains unciear. We retrospectively studied 380 pe-
ripheral adenocarcinomas of =2.0 cm in diameter with regard to his-
tology and clinical profiles, Their degree of invasive growth was clas-
sified into four grades as follows according to the structural dcfcrm:ty
and its location in the adenocarcinoma lesion: Grade 0 had a pure
bronchioloalveolar growth pattern and no evidence of stromal inva-
sion. Grade 1 had stromal invasion in the area of bronchioloalveolar
growth, Grade 2 had stromal invasion localized on the periphery of a
fibrotic focus. Grade 3 had stromal invasion into the center of a fi-
brotic' focus. The clinicopathological data were obtained from medi-
cal records. The distribution of the histologic grade of invasion was as
follows: grade 0 in 85 tumors (22%), grade 1 in 37 (10%), grade 2 in
46 (12%), and grade 3 in 212 (56%). This histologic grade of inva-
sion was closely related to other indicators of tumor spread.. Vas-
cular/lymphatic permeation was seen in none of grade 0, in 1 lesion
each of grade | and grade 2, and 144 (68%) of grade 3, Lymph node
metastasis was seen in 57 (27%) lesions of grade 3 but not in grades 0,
1, or 2. The S-year disease-free survival rates were 100%, 100%,
.100%, and 59.6% for tumors with grade 0, grade 1, grade 2, and grade
. 3 invasion, respectively. Tumors with grade 1 and grade 2 invasion,

like tumors with grade 0 invasion (bronchloloalveolar carcinoma), .

_'showed an excellent prognosrs Therefore; tumors with grade 1 and
grade 2 invasion could be cons1dered “rhinimally invasive” or “eariy”
adenccarcmomas
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Because of the advent of hlgh-resolutlon computed tomcg~
raphy (CT) and the, consequent avarlablhty of more'de-
tailed images and; sereenmg programs, small lung cancers are
being found more often.!2 Most of these have ai adenocarcr-
noma hrstology and ar1se 1n the perrphery of the lung paren—
chyma.' It has a[so been repeatedly reported that lymph node
metastasis is f‘ound in approx1mately 20% of penphera[ ddeno-

_carcinomas, even if the tumor dtameter is small such as <2 0

clellS 151722

On the other hand another hlstologlc category of adeno-
carcinoma, bronchroloalveolar carcinoma (BAC), has also
been discussed w1th regard to its hrstologm features and prog-
nosis.>681423 This subcategory is classified as'a subtype of
adenocarcmoma ‘which hlstologmally shows a unique replac-
ing growth pattern of tumor cells along the alveolar wall. Ac-
cording to radiologic studies by high-resolution CT, the re-
placing growth pattern of adenocarcinoma cells seen in BAC
presents as a focal, hazy increase in attenuanon called
“ground-glass opacity.”” 3 Radiologic- pathologlc studles have
demonstrated that the ground glass opacity appearance repre-
sents patent alveolar spaces and the preservatlon of bronch1al
and vascular margins.'® ;

In the recently rev1sed hlstologtc classxﬁcancn of lung
and pleural tumors by the World Health Organization
(WHO),?® adenocarcinomas have been classified into five his-

tologic subtypes: BAC, acinar, papillary, solid with mucin, and
adenocarcinoma with mixed subtypes. The WI—IO classifica-
tion describes BAC as a form of adenocarcinoma with a pure
bronchioloalveolar growth pattern and no evidence of stromal,

vascular, or pleural invasion. Accordmgly, BAC is the ‘only
subtype without any invasive features Obviously, anexcellent
prognosis can reasonably be expected for noninvasive BACs,

and invasive features seenin adenocarcinoma are thought to be
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prognostic. However, the relationship between the degree of
pathologic invasion and prognosis has not yet been clarified.
In this retrospective study, we histopathologically
graded the degree of invasion and explored the relationship
between invasion and the prognosrs of patients with adenocar-
cinoma, which might contribute to establishing the concept of
“curable” lung cancer. a

MATERIALS AND METHODS
Patlents - o g

For the 8-year pertod from January 1993 to December=

© 2000, a total of 1045 pulmonary resections were performed for
adenocarcinoma of the lung at the National Cancer Center
Hospital, Tokyo. These comprised 60% of all resections for
primary lung carcinomas performed during the same period
(1738 resections). Among these 1045 adenocarcinomas, 384
tumors were 2.0 cm in diameter and located in the periphery
of the lung parenchyma. Three cases with a past history of
resection for other lesions and one case with preoperative treat-
ment were excluded from this study A total of 380 penpheral
adenocarcinomas of =2.0 cm in diameter (36%) were studied
to explore the relattonshlp between the degree of invasive
growth and prognosrs Clrmcopathologrc information was ob-
tained by reviewing the medrcal chart in ‘détail with regard to
age, sex, mode of resection, recurrence arid survival. The sur-
gical and postsurgtcal stages were détsrmined according to the
TNM system of the UICC.?® The backgrounds of these 380
patients are summarized in Table 1. The patients ranged inage
from 23 to 89 years with an average of 61.3 years. A ‘total of
182 patients (48%) were male and 198 patients (52%) were
female. Most of the patients (98%) underwent complete resec-
tion, As the mode of surgical resection, at least lobectomy was
performed in 83%.

Pathologic Evaluatlons

The resected specimens were routinely fixed with 10%
formalin after lung inflation by intubation from the bronchus
and embedded in paraffin, The entire nodules were blocked for
histologic examination. Each of the specimens, including the
largest cut surface of the tumor, was cut into 3-pm-thick sec-
tions. Sections of the tumor were stained by hematoxylin and
cosin, periodic acid-Schiff, and elastica, and then examined by
light microscopy. The histologic subtype was determined ac-
.cordmg to the WHO classification as BAC, acinar, papillary,
solid with mucin, or adenocarcinoma with mixed subtypes. We
strictly assigned a diagnosis of BAC for noninvasive tumors as
defined by the WHO classification, where it is defined as “

adenocarcinoma with a pure bronchioloalveolar growth pat- :

tern and no evidence of stromal, vascular or pleural invasion.”
In this study, histopathological “invasion” was defined when
the tumor cells were arranged in acinic/papillotubular struc-

© 2004 Lippincott Williams & Wilkins

TABLE 1. Characteristics of Patients With
Small Adenocarcinoma

Characteristic Data
“No. of patients o380
' Age (years)
Mean 6.3
- Range ' 23-89
Gender
.Male 182 (48%)
" Female " 198 (52%)
 Operative mode
Pneumonectomy/lobectomy 314 (83%)
Segmentectomy/partial 66 (17%)
Lymph node dissection
‘Mediastinohilar - 227 (60%)
-:Hilar only/none 153 (40%)
Curability of surgery o
- Complete - . 373 (98%)
Incomplete 7(2%)
Hrstologtc subtype by the WHO classrﬂcanon
BAC 85(22%)
Acinar’ 4 (1%)
_‘Papluary 7(2%)
Solid with mucin C 2T (T%)
Mixed subtypes 257 (68%)
Pathologic stage | , _ R
A e X 312 (82%)
1B P - 6 (1%)
A : ; : 21 (6%)
1B . - : . 5(E%)
THA oo ' 22 (6%)
" MBIV ' S 14 (4%)

WHOQ, World Health Organizzrtion; BAC, bronchicloalveolar carcinoma.

tures or solid nestsin a ﬁbroblastrc stroma, of'ten accompamed
by collagenization, and when the alveolar structures were no
longer discernible (Fig. 1).” .72% To categorize the degree of in-
vasive growth in adenocarcmoma four grades (0-3) were de-
fined according to the location of the above- mentloned inva-
sive features in adenocarcinoma [esions (Table 2). Lesions that
were defined as having grade 0 invasion were consistent with
BAC by the WHO classification. Typical histologic findings in
each grade of invasion are shown in Figures 2 to 5. The fol-
lowing hlstopathologtc findings were also evaluated in the
same slides; tumor size (maxrmum tumor drmensmn), the size
of the fibrotic focus within the tumor, degree of pleural in-
volvement, vascular/lymphanc permeation, lymph node in-
volvement, and pathologrc stage. The size of the fibrotic focus
was measured at the maximum dimension of the tumor after
the fibrotic focus was diagnosed histologically in a low-power
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