910

positive FISH findings. In these cases, the cytologic
classifications were as follows: class I, five cases; and
class ITla, two cases. One case was Lvtolo<fv-pmm\ e
and FISH-negative. In this case, the portion of
aneusomic cells were observed to be § to 9%, which
is just below the predetermined cutoff value.

DISCUSSION

We demonstrated here the usefulness of FISH
analyses in diagnosing lung cancer using various
clinical specimens. Similar results about the effec-
tiveness of FISH analyses have been reported by
several authors. Schenk et al2? examined 23 patients
with lung cancer by FISH with probes specific for
c]nomosomes 3, 8, 1] 12, 17, and 18 for malignant
effusions and primary tumors. In that study, chro-
mosomal alterations always consisted of gains in
chromosomal signal numbers, and all chromosomes
were found to be aneusomic to a similar extent.
According to this observation, we used only two
probes in the present study, which were specific for
chromosomes 3 and 17,

Recently, Sokolova et al?! analyzed BV specimens
from 48 patients with lung cancer by FISH using
four probes (ie, centromeric region of chromosome
L, 5p15, 8¢24 (c-myc), and rp]Z {epidermal growth
factor receptor]). In that report, FISH detected 15 of
18 specimens that were falsely negative by cytology.
The sensitivity of FISH for ‘the detection of lung
cancer was 82% compared with 54% sensitivity by
conventional cvtology. The same group?? used :
similar FISH p:obe set to show that 51<rmhaantlv
higher frequencies of abnormal cells were found in
cach of the 20 surgical specimens of non-small cell
carcinoma (100%) “and in the 3 sputum specimens
(100%) from lung cancer patients. These probes
detected a 4.8 to 7.3% rate of abnormal copy num-
bers in normal control specimens. In these retro-
spective studies, FISH detected lung cancer cells in
touch preparations of resected tumors and BWs.
Thus, we planned a prospective study to compare
conventional cytology with FISH using various spec-
imens from lung lesions.

In our study, we determined the cutoff value for
the percentage ofbyperdisomic cells to be 10%, be-

FIGURE 3. H\por(hsnmu cells detected by FISH. Red signals are
the centromeric vegion of chromosome 3 3. and areen wmals are
the centromeric region of chromosome 17, “C])I(‘St‘ﬂhlh\ ¢ lind-
ings of conv entional eytology (Papanicolaon stain. original X400)
and FISH in the same cases. as follows: fop lefi . A: adenocarci-
noma {case 3‘)) top right. B: squamons L(‘{] carcinoma (case 1)
hottom lefi. C: large ) carcinoma {case 24): and botiom right,
D: small cell carcinoma (case 11).
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cause we often count =6% hyperdisomic cells in
normal cell specimens, probably due to counting
sister chromatids as two copies. When we set the
cutofl value at 10%, a specificity of 100% and a
sensitivity of 87.1% were obtained by FISH, whereas

..

risk of pncumothoras and chest tabe placemient alter peren-
tancous CT-guided lung biopsy: the angle of the needle
trajectory is a novel pw(lxcmr Choest 2002 121:1521--1526
Ng A, Horak G. Factors significant in the diagnostic accuracy
()fhmv g cytology in hrondn al washing and sputum samples: 1.
andxml washings. Acta Cytol 1983; 27:391-396

MA: Hanard University Press,

The clonal evolution of tumm (C“ populations.

ct al. ERBB2

O'Hare A ct al. A lluorescence in

ot al. Chrowmosomal

the sensitivity of C)'t()[()g) was 11.6%. As a result, we 5 Papanicolaon G. ( riteria of malignaney. 1n: Atlag of exfolia-
successfully detected seven Jung cancer cases that tive aytology. Cambridge,
were cytology-negative. Among these cases, two 5 1954 13-21
. ¢ S i . 5 Choma 1. Daures [-P, Quantin X, et al. Ancuploidy and
were class Illa that we could not diagnose as malig- prognosis of non-small-cell hung cancer: .1 meta-analysis of
nant based on wmorphologic features. FISH may published d.mx Br j Cancer 2001; 85:14-
provide decisive information for the detection of 7 Nowell P.
malignancies, especially cases with I1la classification. Scicnce 1976; 194:23-28 . o
Although the sensitivity of FISH is superior to that § Hoglund M, Gissclsson D, Sull T. ct al. Coping with com-
o i plc\'lt\ Multivariate analysis of tumor karvotypes. Cancer
of conventional cytology, there are some disadvan- Genet Cytogenet 2002: 133:103-109
tages to FISH analyses. First, we do not generate 9 Lengauer C, Kinzler K. Vagelstein B. Genetic instabilities in
information about the histologic type of lung cancer hnman cancers. Natwre 1998, 396:643--649
since we cannot observe morphologic features. Sec- 10 Dnosbcrg}}’. !(zmsch C.‘R;m;ick Dl. ot all. Ccncti?instubillir}*lof
ond, FISH is expeunsive. Third, FISH signal counting ;::Z(;‘ :S :‘_'i! 1:::1’8?7\' “] 9:)08 t&;’;.;ﬁg‘(?',] (f., el
R . .t . raoc¢ Nal st OC b 998; 95:13G92-13697
under fluorescence MICTOSCopy IS time-consuming,. 11 Cahilt D, Lengauver C. Yu ], ot al. Mutations of mitotic
Thus, the present FISH asgsay system probably can cheekpoint g genes in buman cancers. Nature 1998; 392:300-303
p]ay a (:()mplen*]entary role to that of conventional 12 Pihan G. l)()\sc'S,'lhv mitotic machinery as a sonree of genetic
cyto].ogv. instability in cancer. Semin Cancer Biol 1999 9:289 - 302
We ’ilad five cases that we could not C()l'l‘(;‘(:i'l)-" 13 Pinke) D. Straume T. Gray |. Cytogenctic analysis using
. . o . quantitutive, high-sensitivity. ﬂuowsconco hybd idization. Proc
diagnose hy FISH. There are two possible reasons Natl Acad Sci U S A 1986: §3:2934 -293%
for owr false- negative FISH vesults. One would be 14 Gm;__ndl J. Shadravan F. Lowry S. A flnorescence in situ
the failure to ()bldm proper cell matervial rom the hybrichization map of human romosome 21 consisting of 30
lesion, resu](‘ing in the absence of cancer cells on the _gc:ncg( .m(.l .ph_\ sical markers on the clnnmu.som(‘ loc: l]l/,d(‘l()‘n
slide. The other would be that the cancer cells were of 137 additiona YAC and cosmid clones with respect to this
N . map. Genomies 1993; 17:95-105
near-diploid, such that we could not detect aneu- 15 Kuo W, Tenjin H. Segraves R, ot al. Detection of ancuploidy
somy in two target chromosomes. We could probably twvolving chromosomes 13, 18, or 21. by fluorescence in situ
detect more aneusomic cells using additional suit- hybridization (FISH) to interphase and metaphase ammio-
able probes for other chromosomes or chromosomal cytes. Am ] Hum Genet 1991; 49:112- 1197
regions as reported by Romeo et al,22 who success- 16 ']‘"“'}‘_’F'_‘f".“ O. Kallionjemi A. Kurisn W. ot al. ERBY
anmplification in breast cancer analyzed by fluorescence in st
ﬁ‘")’ diagnosed 100% of lung cancer cases by FISH hybridization. Proc Nat] Acad Sci U $ A 1992; 89:5321-5325
using a set of four plohes In our previous study 23 17 Gray J. Collins C, Henderson 1, ¢t al. Molecular cytogenctics
chromosomal mstabxhty detected by FISH was asso- of haman breast cancer. Cold Spring Harb Symp Quant Bio)
ciated with poor survival in patients with lung cancer. 1994: 59:645-652 ‘
The fmdln(r of mulhp]? chiromosomal chdnges by 18 Hn‘ugun‘ S. (:f)(“l'(.‘}' T. ‘Nz}kznnuru H. et al. hllqcl\alx'nlixxxs of
inactivation of E-cadherin in breast cancer cell lines. Cancer
FISH may bc used as a prognostic factor and in the Res 1998; 58:1972-197T
selection of patients for different therapeutic pro- 19 Mountain C. Revisions in the International System for Stag-
grams in the future. ing Lang Cancer. Chest 1997 111:31710-1717
In conclusion, FISH can detect h_mg cancer cells 20 Schenk T, /\ckorn'mm') J. Bx:nnncr C, ot al. Dvl'(‘cr’ion .of
with aneusomv in various clinical spécimens. The Chr()!nosomal aneuploidy by ml‘k‘l’]_)hil.\'(.‘ ﬂu()r(‘sccn.cc in situ
o 4 R : hybridization in bronchoscopically gained cells from hing
sensitivity was superior to that of conventional eytol- camcer patients. Chest 1997; 111:1691-1696
ogy. FISH should be used in conjunction with 21 Sokolova I, Bubendorf L.
conventional cytology. st hybridization-hased assay for improved detection of ung
- cancer cells in bronchial washing specimens. Cancer 2002;
96:306--315
22 Romeo M, Sokolova I, Morrison L.
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Randomized Pharmacokinetic and Pharmacodynamic
Study of Docetaxel: Dosing Based on Body-Surface Area
Compared With Individualized Dosing Based on
Cytochrome P450 Activity Estimated Using a Urinary
Metabolite of Exogenous Cortisol

Noboru Yamamoto, Tomohide Tamura, Haruyasu Murakami, Tatsu Shimoyama, Hiroshi Nokihara,
Yutaka Ueda, Ikuo Sekine, Hideo Kunitoh, Yuichiro Ohe, Tetsuro Kodama, Mikike Shimizu,
Kazuto Nishio, Naoki Ishizuka, and Nagahiro Saijo

Purpose :

Dorgetaxel is metabolized by cytochrome P450 (CYP3A4) enzyme, and the area under the
concentration-time curve {AUC) is correlated with neutropenia. We developed a novel method for
estimating the interpatient variability of CYP3A4 activity by the urinary metabolite of exogenous
cortisol (B-beta-hydroxycortisol [6-3-OHF]). This study was designed to assess whether the
application of our method to individualized dosing could decrease pharmacokinetic (PK) and
pharmacodynamic (PD) variability compared with body-surface area {BSA} ~based dosing.

Patients and Methods

Fifty-nine patients with advanced non-small-cell lung cancer were randomly assigned to either
the BSA-based arm or individualized arm. In the BSA-based arm, 60 mg/m? of docetaxel was
administered. In the individualized arm, individuslized doses of docetaxel were calculated from the
estimated clearance (estimated clearance = 31.177 + {7.655 X 107" X total 6-3-OHF} — 14.02 x
alpha-1 acid glycoprotein] — [0.172 X AST] - [0.125 X agel) and the target AUC of 2.66 mg/L - h.

Resuits

In the individualized arm, individualized doses of docetaxel ranged from 37.4 t0 76.4 mg/m?
{mean, 58.1 mg/m?). The mean AUC and standard deviation (SD) were 2.71 {range, 2.02 to
3.40 mg/L - h}and 0.40 mg/L - hiin the BSA-based arm, and 2.64 {range, 2.15 to 3.07 mg/L - h)
and 0.22 mg/L - h in the individualized arm, respectively. The SD of the AUC was significantly
smaller in the individualized arm than in the BSA-based arm (P < .01). The percentage
decrease in absolute neutrophit count (ANC) averaged 87.1% (range, 59.0t0 97.7%; SD, 8.7}
in the BSA-hased arm, and 87.4% (range, 78.0 to 97.2%,; SD, 6.1) in the individualized arm,
suggesting that the interpatient variability in percent decrease in ANC was slightly smaller in
the individualized arm.

Conclusion

The individualized dosing method based on the total amount of urinary 6-8-OHF after cortiso!
administration can decrease PK variability of docetaxel.

J Clin Oncol 23:1061-1069. ©® 2005 by American Society of Clinical Oncology

The doses of these cytotoxic drugs are usu-
ally calculated on the basis of body-surface
area {BSA). Although several physiologic
functions are proportional to BSA, systemic
exposure to a drug is only partially related to

Many cytotoxic drugs have narrow thera-
peutic windows despite having a large inter-
patient pharmacokinetic (PK) variability.
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this parameter.'™ Consequently, a large interpatient PK
variability is seen when doses are based on BSA. This Jarge
interpatient PK variability can result in undertreatment
with inappropriate therapeutic effects in some patients, or
in overtreatment with unacceptable severe toxicities in oth-
ers. Understanding interpatient PK variability is important
for optimizing anticancer treatments. Factors that affect PK
variability include drug absorption, metabolism, and excre-
tion. Among these factors, drug metabolism is regarded as a
major factor causing PK variability. Unfortunately, how-
ever, no simple and practical method for estimating the
interpatient variability of drug metabolism is available, If
drug metabolism in each patient could be predicted, indi-
vidualized dosing could be performed to optimize drug
exposure while minimizing unacceptable toxicity.

Docetaxel is a cytotoxic agent that promotes microtu-
bule assembly and inhibits depolymerization to free tubu-
lin, resulting in the blockage of the M phase of the cell
cycle.” Docetaxel has shown promising activity against sev-
eral malignancies, including non—small-cell lung cancer,
and is metabolized by hepatic CYP3A4 enzyme.>'®

Human CYP3A4 is a major cytochrome P450 enzyme
that is present abundantly in human liver microsomes and is
involved in the metabolism of alarge number of drugs, includ-
ing anticancer drugs.'®'® This enzyme exhibits a remarkable
interpatient variation in activity as high as 20-fold, which ac-

-counts for the large interpatient difterences in the disposition
of drugs that are metabolized by this enzyme.'*** Several
noninvasive in vivo probes for estimating the interpatient vari-
ability of CYP3A4 activity have been reported and include the
erythromycin breath test, the urinary dapsone recovery test,
measurement of midazolam clearance {CL), and measure-
ment of the ratio of endogenous urinary 6-beta-hydroxycortisol
(6-B-OHF) to free-cortisol (FC).*?” The erythromycin
breath test and the measurement of midazolam CL are the best
validated, and both have been shown to predict docetaxel CL
in patients.?®*” However, neither probe has been used in a
prospective study to validate the correlations abserved, or to
test their atility in guiding individualized dosing.

We developed a novel method for estimating the inter-
patient variability of CYP3A4 activity by urinary metabolite
of exogenous cortisol. The total amount of 24-hour urinary
6-3-OHF after cortisol administration {total 6-3-OHF) is
significantly correlated with docetaxel CL, which is metab-
olized by the CYP3A4 enzyme. We also illustrate the possi-
bility that individualized dosing to optimize drug exposure
and decrease interpatient PK variability could be performed
using this method.*

We conducted a prospective, randomized PK and
pharmacodynamic (PD) study of docetaxel comparing
BSA-based dosing and individualized dosing based on the
interpatient variability of CYP3A4 activity, as estimated by a
urinary metabolite of exogenous cortisol. The objective of
this study was to assess whether the application of our
method to individualized dosing could decrease PK and PD
variability of docetaxel compared with BSA-based dosing.

1062

Patient Selection

Patients with histologically or cytologically documented ad-
vanced or metastatic non—small-cell lung cancer were eligible for
this study. Other eligibility criteria included the following: age
= 20 years; Eastern Cooperative Oncology Group performance
status of 0, 1, or 2; 4 weeks of rest since any previous anticancer
therapy; and adequate bone marrow (absolute neutrophil count
{ANC] = 2,000/ and platelet count = 100,000/uL), renal (se-
rum creatinine level < 1.5 mg/dL), and hepatic (serum total
bilirubin level = 1.5 mg/dL, AST level = 150 U/L, and ALT level
= 150 U/L) function. Written infonned consent was obtained
from all patients before enrollment ento the study.

The exclusion criteria included the following: pregnancy or
lactation; concomitant radiotherapy for primary or metastatic
sites; concomitant chemotherapy with any other anticancer
agents; treatment with steroids or any other drugs known to
induce or inhibit CYP3A4 enzyme'”; serious pre-cxisting medical
conditions, such as uncontrolled infections, severe heart disease,
diabetes, or plewral or pericardial effusions requiring drainage;
and a known history of hypersensitivity to polysorbate 8§0. This
study was approved by the institutional review board of the Na-
tional Cancer Center.

Pretreatment and Follow-Up Evaluation

On enrollment onto the study, a history and physical exam-
ination were performed, and a complete differential blood cell
count (including WBC count, ANC, hemoglobin, and platelets),
and a clinical chemistry analysis (including serum total protein,
albumin (ALB}, bilirubin, creatinine, AST, ALT, gamma-
glutamyltransferase, alkaline phosphatase |ALP}, and alpha-1 acid
glycoprotein [AAG)) were performed. Blood cell counts and a
chemistry analysis except for AAG were performed at least twice a
wecek throughout the study. Tumar measurements were performed
every two cycles, and antitumor response was assessed by WHO
standard response criteria. Toxicity was evaluated according to the
National Cancer Institute Common Toxicity Criteria (version 2.0).

Study Design

This study was designed to assess whether the application of
our method to individualized dosing could decrease PK and PI}
variability compared with BSA-based dosing. The primary end
point was PK variability and the secondary end point was PD
varjability (ic, toxicity). In our previous study involving 29 pa-
tients who received 60 mg/m? of docetaxel, the area under the
concentration-time curve (AUC) was calculated to be 2.66 * 0.9
{mean :: standard deviation [SD]) mg/L - h.** We assumed that
the variability of AUC, represented by the SD, could be reduced by
50% in the individualized arm compared with that in the BSA-
based arm, and that AUC would be normally distributed. The
required sample size was 25 patients per arm to detect this differ-
ence with a two-sided ¥ test at @ = .05 and a power o 0.914.

Patients were randomly assigned to either the BSA-based arm
or individualized arm (Fig 1). In the BSA-based arm, each patient
reccived a dose of 60 mg/m? of docetaxcl. In the individualized
arm, individualized doses of docetaxel were calculated from the
estimated docetaxel Cl, after cortisol administration and the target
AUC (described in the Docetaxel Administration section).

Cortisol Administration and Urine Collection
In the individualized arm, 300 ing of hydrocortisonc (Banyu
Pharmaceuticals Co, Tokyo, Japan) was diluted in 100 mL of 0.9%

JounnaL OF CLINICAL ONCoLOGY
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Randomized PK and PD Study of Docetaxel

l Studdy registration (n=59) w

| Randomization (n=59) |

BSA-based-arm (n=3()) ]

l Individualized-arm (n=29) l

[ Cortisol administration (n=29) ]

Measure urinary
total 6-beta-OHF (24hrs) (n=29)

|

Estimate docetaxel CL (n=29) ]

Fig 1. Study flow diagram and adminis-

}

tered dose of docetaxel. PK, pharmacoki-
netic; AUC, area under the conceniration-

Calculate individualized-dose by target AUC

&

Docetaxel administration (n=29)

time curve; Cl, clearance; G-B-OHF,
6-beta-hydroxycortisol.

Docetaxel administration (n=30)
(60 mg/in?)

30 40 50

Administered dose of docetaxel (mg/mz)

|

60 70 80

PK sampling (n=30) I

PK sampling (n=29) |

saline and administered intravenously for 30 minutes at 9 AM on
day 1t in all patients to estimate the interpatient variability of
CYP3A4 activity. After cortisol administration, the urine was col-
lected for 24 hours. The total volume of the 24-hour collection was
recorded, and a 5-inl. aliquot was analyzed immediately.

Docetaxel Administration

Docetaxel (Taxotere; Aventis Pharm Ltd, Tokyo, Japan) was
obtained commercially as a concentrated sterile solution contain-
ing 80 mg of the drug in 2 mL of polysorbate 80. In the BSA-based
arm, a dose of 60 mg/m? of docetaxel was diluted jn 250 mL of 5%
glucose or 0.9% saline and administered by 1-hour intravenous
infusion at 9 am to all patients.

Wi feo.org

In the individualized arm, individualized dose of docetaxel
was calculated from the estimated CL and the target AUC of 2.66
mg/L. - h using the following equations:

Estimated CL (L/h/m?) = 31,177 + (7.655 X 10™*
X total-6-B-OHF |ug/d]) ~ (4.02 X AAG [g/L]) — (0.172
X AST [U/L]) — (0.125 X age {vears])*
Individualized dose of docetaxel (mg/m?)
= estimated docetaxel CL (L/b/m?)

X target AUC (2.66 mg/l. - h)
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At Jeast 2 days after cortisol administration, individualized doscs
of docetaxel were diluted in 250 mL of 5% glucose or 0.9% saline
and administered by 1-hour intravenous infusion at 9 as to each
patient. The doses of docetaxel in subsequent cydes of treatment
were unchanged, and no prophylactic premedication to protect
against docetaxel-related hypersensitivity reactions was adminis-
tered in cither of the treatment arms,

PK Study

Blood samples for PK studies were obtained from ail 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 calder until analysis.

PK paramcters 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 plasima concentration-time data were fitted to two- and
three-comparunent 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 pesk plasma concentration
(C,,ax) 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 calculated 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, >33 -

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 t 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 cach arm minus the target -

AUC (2.66 mg/L : b), 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-§3-
OHF) was 9,179.6 = 3,057.7 ug/d (mean = SD), which was
sitnilar to the result of our previous study.’ The estimated
docetaxel CL was 21.9 * 3.5 L/b/m? (mean * SD), and
individualized dose of docetaxe] 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 PX 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.*®*3*® 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 * $D), and AUC averaged 2.71 mg/L - h
(range, 2.02 10 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, 2.1510 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
(= 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
No. of No. of
Characteristic Patients % Patients % P
Enrotled 30 28
Eligible 30 100 29 100
Age, years )
Median T 2 B
Range - .. .7 5273
Sex
Male 25 83 19 66 .14
Female 5 17 10 34
ECOG PS . R S T
0 T SRR i I N 08
1 S U220 I3l T26 s
Prior treatment
None 4 13 ) 14 99
Surgery 1 37 9 31 65
Radiotherapy 13 43 10 34 49
Chemotherapy 21 70 18 62 52
Platinum-based regimens 20 67 16 55 .37
Site of gisease
Lung 23 77 28
Liver 0 .0 .2 e
Pleura 8 21 12 -
Bone P A I -
Extrathoracic lvmph nodes -0 533 .7.10 ]
Laboratory parameters
ALB, gL .02
Median 38 35
Range 26-45 2444
AAG, g/l 04
Median 1.00 1.25
Range 0.28-2.15 0.64-2.54
AST, UL 67
Maedian 21 22
Range 10-40 741
ALT, Ut .88
Median 18 18
Range 6-54 4-45
ALP, UL .03
Median 249 324
Range 129-540 185-986
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, perfor-
mance status, ALB, serum albumin; AAG, alpha-1-acid glycoprotein; ALP,
serum alkaline phosphatase.

Table 2. Docetaxel PK Parameters
B8SA-Based Arm Individualized Arm
Parameters n = 30) (n = 29)
Cenaxe HG/ML 0.36-2.70 0.89-2.41
2 alpha®, minutes 92233 92227
t» beta”, hours 50>48 74 *11.7
CL* h 376*63 348 %71
CL™ Uh/m? 226*34 221 34
AUC
Mean mg/L - b 271 2.54
Range mg/L - h 2.02-3.40 2.15-3.07
Median 2.65 266
Sb 0.40 0.22
Abbreviations: PK, pharmacokinetic; BSA, body-surface area; CL, clear-
ance; AUC, area under concentration-time curve; SO, standard deviation.
*Data represent mean :t SD.

Nonhematologic toxicities, such as gastrointestinal and he-
patic toxicities (ie, hyperbilirubinemia, 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

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

In 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.

W, jeo.org

Observed docetaxel CL (L/hr)

(1 =29, 12 =0.821)

15 20 25 30 35 40 45 50 55
Estimated docetaxel CL (L/hr)

&

Fig 2. Correlation between the estimated and observed docetexe! clear-
ance (CL) in the individualized arm (n = 29). (—) Linear regression ling
(r? = 0.821); (- — - -) 95% Cls for individual estimates.
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Fig 3. Comparison of ares 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.

In 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.>**-** 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 {n = 30} n = 29}
Percentage decrease in ANC, % [ TR
Mean BPRE-7 % IR : Y B
Range 59.0-97.7 780972
Median 89.7 ] 88.4
sD © 87 .8

Abbreviations: ANC, absolute neutrophil count; BSA, body-surface area;
SD, standard deviation.

100 - .
A P ° Y ..
o L []
90 1 < ¢ & o
. o* .
e
O 80 1 ¢ o
% .
R= °
% 70 1 o
g
X 60 °
50
40 y v v T
1.8 2.2 2.6 3.0 34
AUC (mg/L *hr)
100 1
oo
B .. e .
90 - .}.
. ° *
g )
g 80 PY | ] ‘
E . .
R
% 70 4
3
]
X 69
50 -
40 T . v T
1.8 2.2 2.6 3.0 3.4
AUC (mg/L*hr)

Fig 4. Correlation between arga under the concentration-time curve (AUC)
and percentage decreass in absolute neutrophil count {ANC} in each arm. (A}
body-surface area-based arm; (B) individualized arr.

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 al*” 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

lunki

é AUC distritnati

[\ AUC distibution by BSA-based dosing

by indivi 1 dosing

Number of paticnts

{aren A)

\

t- j min[,(x), f,(x)}u =0.145+0.145 = 0.291

/

REis G

L 3
e »fz(-")' — 2AN5M80)

where: f(x) = —e==
fi(x) Tono

Fig 5. 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 decteased 46.2% by
individualized dosing applied using our method.

wwy jeo.org

(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 reccived
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 pharmacokinetic profiles. The antitumor effect may
have been influenced by the intrinsic sensitivity of tumors,
the variable pretreatment characteristics, and the imbalance
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. Qur phenotype-based
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individualized dosing using the total amount of urinary
6-B-OQHE 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-B8-OHF after cortisol ad-

ministration (data not shown).
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Risk of Pleural Recurrence After Needle Biopsy in
Patients With Resected Early Stage Lung Cancer

Haruhisa Matsuguma, MD, Rie Nakahara, MD, Tetsuro Kondo, MD,
Yukari Kamiyama, MD, Kiyoshi Mori, MD, and Kohei Yokoi, MD

Divisions of Theracic Surgery and Thoracic Diseases, Tochigi Cancer Center, Utsunomiya, Tochigi, Japan

Background. Concerning the complications resulting
from percutaneous needle biopsy (PNB), although cases
of tumor seeding into the needle track have occasionally
been reporied, there were only two cases of pleural
recurrences to date, The aim of this study was to eluci-
date the real risk of pleural recurrence after needle
biopsy in patients with resected early stage lung cancer.

Methods. Between 1986 and 2000, 335 patients with
stage I nonsmall cell lung cancer underwent complete
resection of the lung tumor. We retrospectively reviewed
their medical records and investigated the relationship
between the diagnostic methods used and the cancer
recurrence patterns.

Results. Preoperative diagnoses were obtained for 290
patients; 220 were diagnosed by bronchoscopy and 66 by
PNB. Among the patients without a preoperative diag-
nosis, 27 were diagnosed by intraoperative needle biopsy

ercutaneous needle biopsies (PNB) are widely used

for the histologic diagnosis of a peripheral indeter-
minate pulmonary nodule. The overall sensitivity and
specificity for diagnosing peripheral lung cancers were
90% and 97% respectively by meta-analysis {1}, and even
for tumors less than 2 cm in diameter the sensitivity was
also as high as 91%.

Although fine-needle aspiration (FNA) is widely used
method for performing PNB around the world, auto-
mated or semiautomated cutting needles have been
tested to increase the diagnostic yield [2-8]. We also
previously reported on the usefulness of computed to-
mographic fluoroscopy-guided transthoracic needle bi-
opsy using an 18G automatic biopsy gun for diagnosing
pulmonary lesions, particularly benign lesions [9].

The most frequent complication of PNB is pneumotho-
rax, which occurs for 25% to 30% of patients {10]. For fatal
complications of PNB, air embolism and tumor seeding
have been previously documented to occur. Cases of
needle track implantation accounted for almost all of the
cases of tumor seeding, and have been documented to
occur at a rate of 0% to 3% [11-13]. Although pleural
recurrence due to tumor seeding is a possible adverse
event that may occur after PNB [14], only two such cases
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and 14 by wedge resection of the lung. Tumors diagnosed
by needle biopsy including PNB and intraoperative nee-
dle biopsy were smaller and showed less vessel invasion
than those diagnosed by other methods (p < 0.01). After
surgical resection, 9 patients had pleural recurrence and 1
patient, needle track implantation. Seven of these 10
patients were diagnosed by needle biopsy using 18G
cutting type needle. Pleural recurrence or needle track
implantation was observed for 8.6% of the patients who
underwent a needle biopsy, whereas it was 0.9% for
patients who were examined using other diagnostic mo-
dalities (p = 0.0009).

Conclusions. Needle biopsy especially using a cutting-
type biopsy needle can cause a pleural recurrence in
addition to needle track implantation.

(Ann Thorac Surg 2005;80:2026 31}
®© 2005 by The Society of Thoracic Surgeons

have been reported [15]. Pleural recurrence after PNB
tends to be ascribed to the advanced disease itself a
priori, but not to PNB, because malignant pleural effusion
or tumor dissemination in the pleural cavity can be seen
after usual lung surgery without performing a needle
biopsy, especially for patients with locally advanced
nonsmall cell lung cancer (NSCLC). Thus, in the present
study we investigated the risk of pleural recurrence after
needle biopsy for patients with pathologic stage I
NSCLC, who were thought unlikely to experience recur-
rence in the pleural cavity after resection.

Material and Methods

Patients

Between October 1986 and December 2000, 687 patients
with NSCLC underwent surgical resection of the lung at
our hospital. Among them, 335 had pathologic stage I
disease, and they constituted the study population. Two
hundred patients were men, and the median age was 67
years (range, 35 to 85). The majority of the patients
underwent a lobectomy with systematic nodal dissection
(n = 256, 76%). Histologic types were adenocarcinoma (n
= 222), squamous cell carcinoma (n = 89), and others (n
= 24), including large cell carcinoma, large cell neuroen-
docrine carcinoma, adenosquamous carcinoma, carci-
noid, and carcinosarcoma. Primary tumors were classi-
fied as T1 in 210 patients and T2 in 125 patients.

0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2005.06.074
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Treatment Policy

Our routine diagnostic strategies for patients with an
indeterminate pulmonary nodule were as follows. First,
we obtained a histologic or cytologic diagnosis using
fiberoptic bronchoscopy. If this failed or was difficult, the
patients were then scheduled for diagnosis using PNB
under computed tomography (CT) guidance. Almost all
biopsies have been performed using an 18G, spring-
loaded, automatic biopsy gun with a modified Tru-Cut
type needle (Monopty; Bard Radiology, Convington,
Georgia) since 1994 (n = 37), while the Tokyo Medical
College needle (n = 12) and the Sure-Cut needle (n = 8)
were frequently used before that time. If the state of the
nodule remained undetermined, a diagnostic thoracot-
omy or thoracoscopy was subsequently performed. Some
patients underwent intraoperative needle biopsy (INB)
whereas the others underwent wedge resection of the
lung. If a tumor was diagnosed as NSCLC by intraoper-
ative pathology, the patient subsequently underwent
complete resection of the tumor with curative intent.
After surgery, the patients were scheduled for checkups,
chest radiography, and measurement of serum tumor
markers every 1 to 3 months for the first 2 years and every
6 months thereafter. When recurrence was discovered,
intrathoracic and extrathoracic lesions were always
surveyed.

Assessment of Recurrence and Clinicopathologic
Features

We reviewed the medical records of all patients to
confirm that recurrence had developed. Pleural recur-
rence was defined as pleural nodule or malignant effu-
sion or both in the hemithorax of the operated side at the
first relapse. Malignant effusion was diagnosed cytolog-
ically and pleural dissemination was diagnosed if multi-
ple enhanced pleural nodules were observed on chest
CT. Patients with any other site of recurrence in combi-
nation with pleural recurrence at the first relapse were
included among the pleural recurrence cases, because we
can not determine which recurrence preceded and
caused the other recurrence. To elucidate the difference
of tumor characteristics in each diagnostic group, we
reviewed the CT images if available (n 298) and
classified these tumors into two categories according to
their locations. When the center of a tumor shadow fell
within the inner half of the lung, the tumor was classified
as being central; and when the center of a tumor shadow
fell within the outer half of the lung, the tumor was
classified as being peripheral. We checked whether the
tumor shadow was touching the pleura or not on the CT
image and then examined the pathologic tumor charac-
teristics such as tumor size, lymphatic invasion, and
vascular invasion in the tumor in relation to the diagnos-
tic method used. Pathologic stages were classified ac-
cording to the criteria set forth by the International
System for Staging Lung Cancer [16], and histologic
typing was determined according to the World Health
Organization classification [17].
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Statistical Analysis

Correlations between the diagnostic methods used and
the tumor characteristics were examined using the x* test
and Fisher’s exact test. The unpaired ¢ test was used to
examine the relationship between the diagnostic meth-
ods used and the log-transformed tumor sizes because of
their skewed distribution. All statistical analyses were
carried out using STATA software [18].

Results
Among the 335 patients, 290 were diagnosed as having

NSCLC preoperatively. Among them, the definitive di-

agnostic methods used were bronchoscopy for 220, PNB
for 66, and sputum cytology for 4. Among the 45 patients
with a pulmonary nodule without definitive preoperative
diagnosis, INB was performed on 27, wedge resection of
the lung on 14, and lung resection with curative intent
without definitive diagnosis on 4.

Tumor Characteristics and Diagnostic Methods

The relationships between the methods used to obtain
pathologic diagnoses and tumor characteristics are
shown in Table 1. Tumors diagnosed by PNB showed less
lymphatic invasion and were smaller than those diag-
nosed by bronchoscopy, and tumors diagnosed by INB
were smaller and less invasive than those diagnosed by
PNB. When we divided the tumors into two groups
according to whether needle biopsy was conducted or
not, we found that the needle biopsy group was associ-
ated with peripheral location, a smaller tumor size, and a
lower occurrence of lymphatic and vascular invasion.
Although tumors in the patients of the needle biopsy
group were located in more peripheral areas, the num-
bers of tumors touching the pleura were almost identical.
Furthermore, the incidence of pleural invasion of the
tumors, which was thought to be associated with pleural
recurrence, was lower for the needle biopsy group.

Recurrence

Two hundred and ninety-seven patients (88.7%) were
followed up until February 29, 2004. Among the 38
patients not followed-up, 34 completed their follow-up
after the 5-year anniversary of surgery. The median
length of the follow-up period was 80 months, and the
relationships between the methods used for histologic
diagnosis and the recurrence patterns are shown in
Table 2. Seventy-three patients were diagnosed as
having recurrence, where the recurrence pattern was
distant for 53 and local for 23. Among them, 3 had
distant and local recurrence. Nine patients died of
unknown causes; and as 1 patient was diagnosed with
distant recurrence at an other hospital, we did not
know whether pleural recurrence had developed. For
the patients with local recurrence, 10 had pleural
recurrence or needle track implantation. The percent-
age of cases for which distant recurrence had-devel-
oped was similar between patients diagnosed by bron-
choscopy and those diagnosed by PNB (18.5% versus
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Table 1. Relationships Between Diagnostic Methods Used and Clinicopathologic Tumor Characteristics

Diagnostic Methods

Intraoperative or

Preoperative Postoperative
Bronchoscopic PNB Sputum INB Wedge Post Needle Nonneedle p Value®
Total 220 66 4 27 14 4 93 242
Clinical
Sex -
Male 137 (62) 37 (56) 3(75) 12(49) 8(57)  3(75) 49 (53) 151 (62) 0.105
Female 83 (38) 29 (44) 1(25) 15 (56) 6(43) 1(25) 44 (47) 91 (38)
Age (years) _
<67 90 (41) 39 (59) 1(25) 19 (70} 10(71) 2(50) 58 (62) 103 (43) 0.001
=67 130(59) 27 (41) 3(75) 8 (30) 4(29) 2(50) 35(38) 139 (57)
Location
Peripheral 142 (74) 56 (95) 1(25) 20 (77) 12(92) 2(50) 76 (89) 159(75) 0.005
Central 50 (26} 3(5) 3 (75} 6(23) 1(8) 2 (50) 9 (11) 54 (25}
Contact with the
pleura
Yes 91 (47) 32(54) 2 (50) 8 (30) 6(46) 1(25) 40 (47) 100 (47) 0.986
No 101 (53) 27 (46) 2 (50) 18 (70) 7(54) 3(75) 45 (53) 113 (53)
Pathologic
Histology
Adenocarcinoma 126 (57) 54 (82) 1(25) 23 (85) 14(100) 4(100) 77(83) 145 (60) <0.001
Other 94 (43) 12 (18) 3 (75) 4 (15) 040) 0(0) 16 (17) 97 (40)
T factor
T1 121 (55) 45 (68) 0 (0) 26 (96) 14 (100) 4 (100) 71 (76) 139 (57) 0.001
T2 99 (45) 21(32) 4 (100} 1(4) 0(0) 0(0) 22(24) 103 (43)
Lymphatic invasion
No 179 (81) 62 (94) 4(100) 27(100) 14 (100) 4 (100) 89 (96} 201 (83) 0.002
Yes 41(19) 4(6) 0(0) 0(0) 0(0) 0(0) 4(4) 41(17)
Vascular invasion
No 138 (63) 49 (74) 1(25) 26 (96) 14(100) 3 (75) 75 (81) 156 (64) 0.004
Yes 82(37) 17 (26} 3 (75) 14) 00} 1(25) 18 (19) 86 (36)
Pleural invasion
No 161 (73) 50 (76) 2 (50) 26 (96) 14 (100) 3 (75) 76 {(82) 180 (74) 0.156
Yes 59 (27) 16 (24) 2(50) 1(4) 0(0) 1(25) 17 (18) 62 (26)
Tumor size (¢m)? 2.90 2.38 3.95 1.70 1.20 191 215 2.75 <0.001

2The p value for the x? test for the association between needle biopsy and clinicopathologic characteristics in Table 1;

The numbers in parentheses indicate percentages.

INB = intraoperative needle biopsy;

15.2%). However, the rate of pleural recurrence for the
cases diagnosed by PNB was significantly higher than
for the cases diagnosed by bronchoscopy (9.1% versus
1.0%, p < 0.0028). The rate of distant recurrence for the
cases diagnosed by INB was small at 3.7%, but the
proportion with pleural recurrence among the cases
diagnosed by INB was as high as that for the cases
diagnosed by PNB, at 7.4%. Combining the cases
diagnosed by PNB with those diagnosed by INB into
the needle biopsy group, the percentage of those
affected by pleural recurrence for the needle biopsy
group was significantly higher than that for the cases
diagnosed using other diagnostic modalities (8.6% ver-
sus 0.9%, p = 0.0009).

® Geometric mean.

PNB = percutancous needle biopsy.

The details of these 10 cases are shown in Table 3. All
10 tumors were adenocarcinoma; and the diagnostic
methods used were PNB for 6, INB for 2, and fiberoptic
bronchoscopy for 2 patients. Two tumors diagnosed by
bronchoscopy showed pleural and vessel invasion that
may have been related to pleural recurrence. On the
other hand, ail 5 pleural recurrence cases showing
neither pleural invasion nor vessel invasion in the
primary tumor were diagnosed by PNB or INB. The
average size of the tumors was 2.7 cm with a range
from 1.5 cm to 4.8 cm, and the depth from the visceral
pleura to the tumor surface on the needle track during
needle biopsy ranged from 0 cm to 2.5 cm. Only 1
patient underwent needle biopsy directly through the
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Table 2. Number of Cases According to Recurrence Pattern and Diagnostic Methods Used

Diagnostic Methods

Intraoperative or

Preoperative Postoperative
Bronchoscopy PNB Sputum INB Wedge Post Needle Nonneedle
Number of patients 220° 66 4 27 14 4 a3 2422
Recurrence 48 (22.7) 17 (25.8) 3(75 3(11.1) 2(14.3) 0(0) 20 (21.5) 53(22.7)
Distant 39 (18.5) 10 (15.2) .2(50) 1(3.7) 1(7.1) 0(0) 11 (11.8) 42 (18.0)
Local 11 (5.2) 8(12.1) 1(25) 2(7.4) 1(7.1) 0(0) 10 (10.8) 13 (5.6)
Both distant and local 2 1 0 0 0 0 1 2

Pleural recurrence 2(1LoP 6(9.1) 0(0) 2(7.4) 0{0) 0(0) 8(8.6) 2(0.9)°
Pleural recurrence 2(1.0)° 4(6.1) 0(0) 1(3.7) 0(0) 0(0) 5(5.4) 2 (0.9)®

alone

* Bronchoscopy group includes 9 uninformative cases for recurrence. Recurrence percentages were calculated excluding the uninformative cases.

patient was uninformative for pleural recurrence.

The numbers in parentheses indicate percentages.

INB = intraoperative necdlc biopsy;

pleura attached to the tumor, and for only 2 (cases 1
and 4) the distances were less than 1 cm. In regard to
surgical procedures carried out in the 10 patients,
lobectomy was performed in 7 patients and segmen-
tectomy in 3 patients (cases 3, 7, and 10). Video-
assisted thoracic surgery approach was applied in only
1 INB case; however, subsequent resection was carried
out under an open thoracotomy. Concerning the pneu-
mothorax and hemothorax after PNB, 2 cases of pneu-
mothoraces were observed among the 6 patients who
underwent PNB. Their relapses occurred 12 to 69
months after surgery, and only 2 patients (cases 4 and
8) with a short follow-up period remained alive with
the recurrence.

PNB = percutancous ncedle biopsy.

® One

Comment

A number of needle track implantation cases have
been reported, and the incidences were reported at 0%
to 3% [12, 13, 19-22]. This rate was considered as
negligible by some researchers [12, 23, 24] and as
important by the others [15, 25, 26]. On the other hand,
pleural recurrence after PNB has not been recognized
as a real risk of PNB, although it is theoretically
possible adverse event. Only two cases of pleural
recurrence after PNB were previously reported {15]. Is
the real risk of pleural recurrence due to PNB ex-
tremely low? We thought that many cases of pleural
recurrence due to PNB may have not been reported
because of the difficulty in proving its cause. We

Table 3. Clinicopathologic Characteristics of 9 Cases With Pleural Recurrence and Needle Track Implantation

Pathologic Findings - Time to
Case Age Diagnostic Concomitant Recurrence
No. (years)/Sex Methods Histology Size (cm) P/LyIV Recurrence (mo) QOutcome
1 67/M PNB P/D Ad 22 0l=/- No 20 DOD
2 68/F INB M/D Ad 2.8 of—1— Lymphadenopathy 13 DOD
3 72/F INB WID Ad 15 0l—/- No 12 DOD
4 58/F PNB M/D Ad 1.9 0/—{— Pulmonary metastasis 36 AWD
5 50/M PNB P/D Ad 4.8 -1+ Lymphadenopathy 12 DOD
6 81/F PNB M/D Ad 2.5 2/—-1— Lymphangitis 28 DOD
7* 80/F PNB WID Ad 2.6 2/~ No 24 DOD
8 76/M PNB WI/D Ad 1.7 o/—/- No 69 AWD
9 67/F Br P/D Ad 32 I+ No 18 DOD
10 74/M Br M/D Ad 24 -1+ No 19 DOD

"Needle track implantation case.

Pleural invasion was judged as being PO when tumor cells did not invade across the visceral clastic layer, P1 when tumor cells invaded across the visceral

clastic layer, and P2 when tumor celis were exposed on the pleural surface.

DOD = dead of disease;
M/D Ad = moderately differentiated adenocarcinoma;
V = vascular invasion;

AWD = alive with disecase; Br = bronchoscopy;
lymphatic invasion; M = male;

differentiated adenocarcinoma;  PNB = percutaneous needle biopsy;
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F = female; INB = intraoperative needle biopsy; Ly =
P = visceral pleural invasion;  P/D Ad = poorly
W/D Ad = well-differentiated adenocarcinoma.
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therefore conducted this investigation to elucidate the
real risk of pleural recurrence after PNB. We hypoth-
esized that pleural recurrence among patients with
resected p-stage I NSCLC, especially with no pleural
invasion, lymphatic invasion, and vascular invasion,
was less likely to occur after surgery. Pleural recur-
rence, however, was noted in 9 patients. In addition, 1
case of needle track implantation was found. Among
them, 5 cases without pleural and vessel invasion were
diagnosed by needle biopsy, and for all an 18G cutting-
type needle was used. These results suggested that
PNB using this type of needle can cause a plural
recurrence in addition to needle track implantation.

Another possible explanation for this high rate of
pleural recurrence among the patients in the needle
group is the difference in tumor biology between the
two groups. Some investigators may believe that tu-
mors diagnosed by PNB are in a peripheral location,
and that this may be related to the high rate of pleural
recurrence. From our results, we actually found that a
peripheral location was more frequently observed for
patients in the needle biopsy group. However, the
numbers of tumors touching the pleura seen by chest
CT were similar for both groups, and pathologic pleu-
ral invasion was less frequently observed for those in
the needle group. We thought that the smaller size of
the tumors for the needle biopsy group contributed to
these results, which suggested that the differences in
the tumor characteristics did not influence the results.
However, we can not exclude the possibility that other
tumor characteristics that we did not investigate in this
study may have influenced the differences we
observed.

The type of the needle we used could influence our
high incidence of pleural recurrence. Large-bore cut-
ting needles were replaced by FNA to reduce compli-
cations. During the 1990s, since the emergence of the
automated and semiautomated cutting needle with an
18G to 20G bore, the cutting needle was used again
because of its easy handling and its greater harvest of
tissue [3-8]. Some studies compared the accuracy of
cutting needle biopsy with FNA and concluded that
cutting needle biopsy greatly increases the diagnostic
accuracy for cases of benign pulmonary disease [4-6,
8]. On the other hand, for malignant lesions, FNA has
the same high diagnostic accuracy as a cutting needle
when on-site cytopathology is available [8, 27-29]. In
our institute, the automated cutting type biopsy needle
was conducted from 1994, and we reported its useful-
ness for benign lesions [9]. However, in the results
from our current study, we encountered one case of
needle track implantation among the 66 needle biopsy
cases. Although, the incidence of needle track implan-
tation at 1.5% was within the range of the reported
incidence, it was on the high side. That the highest
incidence of needle track implantation was reported by
Harrison and coworkers [21], who used cufting type
biopsy needle, suggested that cutting type needle
usage could contribute to the tumor seeding. Con-
versely, more than 10 cases of needle frack implanta-
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tion after FNA have been reported [19, 20, 24, 30-34}
since the first reported case by Sinner and Zajicek {13].
Ayar and colleagues [35] conducted a questionnaire
study to elucidate the predictive factor for needle track
implantation. They collected data on more than 60,0600
needle biopsy cases. Among the 8 needle track implan-
tation cases discovered in this study, 5 needle track
implantations occurred after the use of 19G to 22G
needles, and they concluded that they could not find
any predictive factor including needle bore size. The
thoroughness of our follow-up could have been related
to our high incidence of tumor seeding. Our early stage
of this study population has also affected the results.
Needle track implantation in patients with early stage
lung cancer may be more noticeable when compared
with those in patients with more advanced disease
because other recurrences may precede and obscure
the implanted lesions. The occurrence of pneumotho-
rax or hemithorax after PNB might be associated with
the development of pleural recurrence. However, the
incidence of hemothorax and pneumothorax among
the pleural recurrence cases was 0% and 33 % (2 of 6
patients), and these incidences were not higher than
the incidences that we previously reported (0% and
42%) [9].

Only one similar investigation that dealt with the
risk of pleural recurrence was reported by Sawabata
and colleagues {36]. This group studied 239 patients
with completely resected NSCLC of less than 3 cm in
maximum diameter and reported that no pleural car-
cinomatosis occurred for 45 patients who underwent
PNB by FNA and wedge resection of the lung. The
difference between their study and ours was that their
study population included only 22 cases diagnosed by
needle biopsy and 71 (30%) with stage II or more
advanced disease for which other forms of recurrence
could have obscured pleural recurrence.

To avoid the tumor seeding, some researchers have
used a coaxial method for which aspiration or the cutting
needle passes through an outer needle that stick into the
normal lung [5, 6, 28, 37]. However, the effectiveness of
this method has not been demonstrated.

The retrospective approach of this study is a weak
point. Therefore, we can not conclude from this study
that needle biopsy should be avoided. However, the
results call doctor’s attention to the potential risks
faced by needle biopsy and suggest the need for
further investigations focusing on pleural recurrence
after needle biopsy. To elucidate the real risk of needle
biopsy concerning the tumor seeding according to the
type of needle or needle size, pleural recurrence and
needle track implantation have to be investigated
prospectively for patients with early stage lung cancer
in multi-institutional setting. Randomized control trial
is an ideal method, if possible. When the real risks of
pleural recurrence and needle track implantation are
discovered, this information will be indispensable for
patients who would undergo this needle biopsy.
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Simple Technique to Visualize Random Set-up Displacements Using
a Commercially Available Radiotherapy Planning System

Hiromichi Ishiyama,* Masashi Kitano,* Yuzuru Niibe,*
Mineko Uemae,** and Kazushige Hayakawa*

Purpose: To visualize random set-up displacements in isodose distribution images, we introduce
a simple technique using a commercially available radiotherapy planning system (RTP).
Materials and Methods: A distribution of set-up displacement is known to be compatible
with that of a Gaussian distribution. Based on that assumption, 41 intentionally misaligned
beams with [-mm intervals were planned in the respective weights according to Gaussian
distribution. “Modified” isodose distributions were then visualized using a commercially
available RTP. [n the next step, only two beams misaligned with one standard deviation (SD)
of the Gaussian distribution were used in place of 41 beams, as a large number of beams
increases the workload and is unsuitable for clinical use. Differences between the two versions
of isodose distribution images were assessed visually.

Results: In modified dose distribution images, the edge of distribution was dull compared to
normal images. These images show that the larger SD of set-up displacement dulls the edge of
dose distribution. Images from two beams were not significantly different to those from 41
beams. :

Conclusion: Using this technique, the impact of random set-up displacements was effectively

reflected in isodose distribution images.

Key words: set-up displacement, radiotherapy, treatment simuiation

INTRODUCTION

EOMETRICAL UNCERTAINTIES IN RADIOTHERAPY CAUSE

differences between intended and actual delivered
dose distributions. One of the major causes of uncer-
tainties is set-up displacement.

Set-up displacement can involve systematic and/or
random displacement.' Systematic displacement
comprises the same displacement for each fraction of
treatment, whereas random displacement varies from day
to day. By measuring set-up displacement several times,
the typical sizes of systematic and random displacement
can be determined,? and the standard deviation (SD) of
set-up displacement is reportedly 1.0-5.0 mm for
currently applied treatment techniques.’ In addition,

Reccived July 16. 2004 revision accepted October 8, 2004.

*Depariment of Radiology, Kitasato University School of
Medicine

**Division of Radiation Oncology, Kitasato University Hospital

Reprint requests 1o Hiromichi [shiyama, M.D., Department of
Radiology, Kitasato University Hospital, 1-15-1 Kitasalo,
Sagamihara, Kanagawa 228-8555, JAPAN.

216

274

distributions of set-up displacements for all three
directions are compatible with that of a Gaussian distri-
bution because of a large number of set-up procedures,’
and the average and SD of Gaussian distributions are
compatible with systematic and random set-up displace-
ment, respectively.

Usually, the margin to expand clinical target volume
{CTV) to obtain sufficient tumor coverage is planned
empirically by physicians. However, empirical methods
could represent a cause of decreased tumor controf and
increased complications involving normal tissues. In
particular, with the recent advent of computed
tomography (CT) simulations, isodose distribution
images are crucial because of heavy dependence on them
by physicians and physicists. For more precise and
reasonable planning, we believe that visualization of
set-up displacement in isodose distribution images is
needed.

This report introduces and assesses a simple technique
for visualizing random set-up displacements using a
commercially available radiotherapy planning system
(RTP).
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MATERIALS AND METHODS

Phantom study

A solid water phantom (Solid Water®, Gammex RMI,
Middleton, WI, USA) was scanned with a CT simulator
using a slice thickness and interval of S mm. All images
were transferred to a three-dimensional treatment
planning system (Pinnacle®, version 6.5b, ADAC Co.,
USA). Anterior 10 cmx10 cm irradiations with 4 MV
photons were planned. [sodose curves of | 10%, 107%,
100%, 95%, 90%, 80%, 70%, 60%, 50%, 40%, 30%,
20%, and 10% relative to an isocenter dose were
displayed as a “normal” isodose distribution.

On the assumption that translations of set-up
displacements would occur between —20 mm and +20
mm, 41 intentionally misaligned beams were planned
with 1-mm intervals along the horizontal axis.
Considering the isodose distribution of a total treatment
course all at once, the number of fractions at each
misaligned beam could be considered the weight of those
respective beams. To calculate the weight of each
misaligned beam, values of density function of the
Gaussian distribution were used. The operational
window of Excel software {(Microsoft, USA) was used
for value calculations (Fig. 1). The average of Gaussian

.......... TECHNICAL NOTE

distributions was set on 0 mm, and SDs were set on 1-5

mm, with I-mm intervals. The five Gaussian distribu-

tions were therefore calculated for different SDs and
were visualized as “modified” isodose distributions.

Modified isodose distribution images were visually
compared with normal isodose distribution images.

Simplification for clinical use 4

Although a greater number of intentionally misaligned
beams makes the Gaussian distribution smoother and
more accurate, the workload of operators would be
significantly increased. We therefore needed to decrease
the number of misaligned beams for clinical use. In
principle, as few as two symmetric beams misaligned
within | SD can be used as a substitute for the large
number of misaligned beams, because SD is statistically
defined in the literature as a “standard™ of deviations.
Modified isodose distribution images from two beams
were visually compared with those from 41 beams.

RESuLTS
“Normal™ and “modified” isodose distributions were

calculated from 41 beams or two beams (Fig. 2). In
modified images, the edge of the distribution was dull
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Fig. 1. Values of density function of the Gaussian distribution were calculated using the *“NORMDIST”
function of Excel software (Microsoft). For calculating the modified isodose dis¢ributions from two beams,
a pair of symmetric beams misaligned with I SD was used (large points in the distribution).
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