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Fig. 3. A case of ductal carcinoma in situ

a: Maximum intensity projection (MIP) image of subtraction image obtained with 3DFSPGR. The segmental
nodular enhancement is displayed in area C.

b: DWI in the axial plane shows a segmental high-intensity lesion in area C.

¢: An ADC map of the same level as Fig. 3b. The greenish color indicates a low ADC value. The distribution of low
ADC values corresponds to the enhancement lesion of MIP image on Fig. 3a.

R

Fig. 4. A case of scirrhous carcinoma

a: MIP of subtraction image obtained with 3DFSPGR. The enhanced mass lesion in area C indicates a primary mass
lesion. Note the diffuse scattering of small enhanced nodules in the mammary gland.

b: DWI reveals a high-intensity lesion in area C as a 3DFSPGR image.

¢: An ADC map of the same level as Fig. 4b. The primary mass lesion shows a low ADC value. Area A also shows a
low ADC region (white arrow).

d: Pathologic figure of area A. The sclerosing adenosis is prominent (H&E, X 40).
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cell density, tumor structure, intestinal structure,
and tissue components such as edema, necrosis,
and fibrosis. With regard to breast DWI, a high
sensitivity to breast malignant tumor has been
already proven. Y. Guo demonstrated 93% sen-
sitivity with the threshold of 1.3 x107* mm?/s of

R. Woodhams et al.

Fig. 5. A case of invasive lobu-
lar carcinoma

a: A MIP image of a subtraction
image shows a speculated en-
hanced mass lesion extending
from area A to area C. Some
linear and nodular enhancements
extend to the nipple site, which
| suggest tumor invasion.

b: DWI reveals a localized high-
intensity lesion in area C that is
smaller than the enhanced lesion
in the 3DFSPGR image.
¢: A low ADC area is evident in
area C. The extending enhanced
lesion obtained with 3DFSPGR is
not visualized on the ADC map.
d: Histologic appearance of the
' area where the 3DFSPGR image
shows enhancement, whereas the
ADC map did not show ADC
reduction (H&E, x100). Sparse
and scattered distribution of can-
cer cells is evident in the stroma.

Fig. 6. A case of intracystic pap-
illary carcinoma surrounded by
intraductal carcinoma
a: A cystic mass lesion in area D.
The irregular mass along the wall
of the cystic mass protrudes in-
ward. Some nodular enhancement
is evident around the cystic mass
lesion.
b: DWI of the same level as that of
Fig. 5a. The high-intensity lesion
s of DWI corresponds approximate-
=% Iy to the 3DFSPGR image.
i ¢: ADC map of the same level as
¢ that of Fig. 5b. The low ADC area
* is absent.
i d: The histopathologic figure
% neighboring the lesion of intra-
cystic papillary carcinoma shows
hemosiderine-laden macrophage
surrounding the intraductal carci-
noma component (black arrow;
H&E, x40).

ADC value for breast cancer, while Y. Kuroki et al.
showed statistically lower ADC values for breast
carcinomas than those of benign tumors.>”* Our
study showed a 93% sensitivity to malignant
tumors among the G-1, G-2, and G-3 cases, with a
threshold of 1.6% 10 mm?/s of ADC value. As
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for the false negative cases and underestimated
cases, in which the ADC values were not decreased
in the carcinoma components, notable histopatho-
logic characteristics were observed in the speci-
mens, specifically necrosis and hemorrhage. Seven
cases of G-3 and 9 cases of G-4 showed hemorrhage
or necrosis mainly owing to DCIS or malignant
phyllodes tumor. Conversely, hemorrhage was
also observed in some specimens of intraductal
papilloma. However, most intraductal papilloma
showed low ADC values. The reason for this anom-
aly is unknown. We speculate that the character of
the hemorrhage differs between the malignant
tumors and intraductal papilloma. Comedo-type
DCIS show the phenomenon of necrosis, hemor-
rhage, and calcification. We hypothesize that the
high degree of oxidation as a consequence of
necrosis affects the high ADC value. Specifically,
the strong effect of magnetic susceptibility is one
mechanism of high ADC values in DCIS and
malignant phyllodes tumor with bleeding. Since
seven of the bleeding cases showed high intensity in
Ti-weighted images, it is possible to speculate about
the occurrence of hemorrhage by referring to other
sequences.

In 3 cases categorized as G-3, scattering and
sparse distribution of lobular carcinoma and DCIS
did not represent low ADC values. Moreover, with
respect to 11 cases categorized as G-1 in which the
ADC map did not show low values in DCIS around
main tumors, one reason for the misdiagnosis is the
limited spatial resolution of DWI. However, the
sensitivity to small foci and the sparse distribution
of tumor will improve with advances in the spatial
resolution of DWI.

As for benign lesions, although Guo et al.
showed all fibroadenoma were correctly diagnosed
as benign lesions, one case of duct ectasia and one
of intraductal papilloma were incorrectly catego-
rized.? In our study, specificity was markedly low.
Most cases of intraductal papilloma and more than
half the cases of fibrocystic disease showed low
ADC values and were categorized as malignant
lesions. Moreover, benign proliferative changes
such as ductal hyperplasia, fibroadenosis, and
lobular hyperplasia around the carcinoma have
resulted in over-estimation of cancer extension.
Some pathogenesis of this phenomenon can be
considered. Guo et al. confirmed the relation
between ADC values and cell density, which ex-
hibited an inverse proportion. Fibrocystic disease
sometimes shows a high cell density and inflamma-
tory reactions. This phenomenon restricts proton
diffusion, a possible reason for low ADC values.
However, the disparity between the ADC values of
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fibrocystic disease and malignancy could be divided
further with a higher b-value. This is because the
effect of perfusion is smaller at higher b-values and
the reduction in ADC values of malignant lesions is
more prominent than that of benign lesions due to
angiogenesis of malignant tumor.'®*® Only two
cases of fibroadenoma were found in our study,
both of the pericanalicular type, and both exhibited
low ADC values. Although Guo et al. did not
mention the detailed type of fibroadenoma, it is
possible that not all fibroadenoma will show high
ADC values. Therefore, ADC values are still
unreliable for fibrocystic disease, intraductal
papilloma, and some types of fibroadenoma. As
our study showed low specificity, DWI is still
insufficient for qualitative diagnosis.

Conclusion

Our trial sought to verify the usefulness of breast
DWI in clinical applications. We discovered that
the sensitivity is sufficient for detecting malignant
lesions. In addition, with DWI we were able to
obtain images with one-minute scan times. This
satisfies the requirements for screening use. This
study demonstrated the potential for DWI to be
used in the assessment of cancer extension. The
spatial resolution and accuracy of differentiation
will be improved with advances in MRI technology.
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Cytochrome P450 Activity Estimated Using a Urinary
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A-B S T RATCT

Purpose

Dogetaxel 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 (6-beta-hydroxycortisol {6-8-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, individualized doses of docetaxel were calculated from the
estimated clearance (estimated clearance = 31.177 + [7.655 X 10™* X total 6-8-OHF] — [4.02 X
alpha-1 acid glycoprotein] — [0.172 x AST] — [0.125 X agel) and the target AUC of 2.66 mg/L - h.

Results

In the individualized arm, individualized doses of docetaxel ranged from 37.4 to 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 - h in the BSA-based arm, and 2.64 {range, 2.15 t0 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 neutrophil count (ANC) averaged 87.1% (range, 59.0 to 97.7%; SD, 8.7)
in the BSA-based arm, and 87.4% (range, 78.0 to0 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 cortisol
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 large
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 PX 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 a large 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 differences 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).2* 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 observed, or to
test their utility 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-B-OHF after cortisol administration (total 6-B-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/uL 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 informed consent was obtained
from all patients before enrollment onto 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-existing medical
conditions, such as uncontrolled infections, severe heart disease,
diabetes, or pleural or pericardial effusions requiring drainage;
and a known history of hypersensitivity to polysorbate 80. 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
week throughout the study. Tumor 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 PD
variability compared with BSA-based dosing. The primary end
point was PK variability and the secondary end point was PD
variability (ie, toxicity). In our previous study involving 29 pa-
tients who received 60 mg/ml of docetaxel, the area under the
concentration-time curve (AUC) was calculated to be 2.66 * 0.91
(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 F test at « = .05 and a power 0of 0.914,

Patients were randomly assigned to either the BSA-based arm
or individualized arm (Fig 1). In the BSA-based arm, each patient
received a dose of 60 mg/m? of docetaxel. 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 mg of hydrocortisone (Banyu
Pharmaceuticals Co, Tokyo, Japan) was diluted in 100 mL of 0.9%
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Randomized PK and PD Study of Docetaxel
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saline and administered intravenously for 30 minutes at 9 AM on
day 1 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-mL 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 in 250 mL of 5%
glucose or 0.9% saline and administered by 1-hour intravenous
infusion at 9 AM to all patients.

www.jco.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 107*
X total-6-B-OHE [pg/d]) — (4.02 X AAG [g/L]) — (0.172
X AST [U/L]) ~ (0.125 X age [years])*
Individualized dose of docetaxel (mg/m?)
= estimated docetaxel CL (L/h/m?)

X target AUC (2.66 mg/L - h)
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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 1-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 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-p-OHF was measured by
reversed phase high-performance liquid chromatography with
UV absorbance detection according to previously published
methods.***>>*

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 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, NQC).
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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 PX 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-B3-OHF after cortisol administration (total 6--
OHF) was 9,179.6 = 3,057.7 pg/d (mean = SD), which was
similar to the result of our previous study.’® The estimated
docetaxel CL was 21.9 * 3.5 L/h/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, 2.15t0 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
(r* = 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
Enrolled 30 29
Eligible 30 100 29 100
Age, years .62
Median 61 62
Range 52-73 48-73
Sex
Male 25 83 19 66 .14
Female 5 17 10 34
ECOG PS
o] 7 23 1 3 .08
1 22 73 26 90
2 1 3 2 7
Prior treatment
None 4 13 4 14 99
Surgery 1 37 9 31 .65
Radiotherapy 13 43 10 34 49
Chemotherapy 21 70 18 62 B2
Platinum-based regimens 20 67 16 56 .37
Site of disease
Lung 23 77 28 97 .10
Liver 0 0 2 7 24
Pleura 8 27 12 41 23
Bone 7 23 9 31 7
Extrathoracic lymph nodes 0 33 10 34 93
Laboratory parameters
ALB, g/l .02
Median 38 35
Range 26-45 24-44
AAG, g/t .04
Median 1.00 1.25
Range 0.28-2.15 0.64-2.54
AST, U/L .67
Median 21 22
Range 1040 7-41
ALT, UL ' 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 Oncology Group; PS, perfor-
mance status, ALB, serum albumin; 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

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.

www.jco,org

Table 2. Docetaxel PK Parameters
BSA-Based Arm Individualized Arm
Parameters n=30) n =29
Crnaxs pg/mL 0.36-2.70 0.99-2.41
1y, alpha”, minutes 9.2+33 92 %27
14,2 beta®, hours 50+48 74117
CL* h 376863 348 7.1
CL” Lh/m? 226 %34 221 +34
AUC
Mean mg/L - h 2.71 2.64
Range mg/L - h 2.02-3.40 2.153.07
Median 2.65 2.66
SD 0.40 0.22
Abbreviations: PK, pharmacokinetic; BSA, body-surface area; CL, clear-
ance; AUC, area under concentration-time curve; SD, standard deviation.
“Data represent mean *+ 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

55
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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.

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 exhibitsa
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 =230 n =29
Percentage decrease in ANC, %
Mean 87.1 87.4
Range 59.0-97.7 78.0-97.2
Median 89.7 88.4
SD 8.7 8.1

SD, standard deviation.

Abbreviations: ANC, absolute neutrophil count; BSA, body-surface area;
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Fig 4. Correlation 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; (B) 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 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 6-3-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

@ AUC distribution by individualized dosing

J/:\. AUC distribution by BSA-based dosing

Number of patients

| et .

g 200 f () %

N2zo v270.538c

2t

where: f,(x)

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 decreased 46.2% by
individualized 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 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. 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-B3-OHF after cortisol ad-

ministration (data not shown).
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KEYWORDS Summary

Neurcendocrine Background: The efficacy of chemotherapy in patients with large cell neuroendocrine
carcinoma; carcinoma of the lung (LCNEC) remains unclear.

Lung cancer; Methods: Patients with LCNEC who received cisplatin-based chemotherapy were
Chemotherapy; identified by reviewing 567 autopsied and 2790 surgically resected lung cancer pa-
Cisplatin tients. The clinical characteristics and objective responses to chemotherapy in these

patients were analyzed.

Results: Overall, 20 cases of LCNEC were identified, including stage IllA (n=3), stage
B {n=6), stage IV (n=6) and postoperative recurrence (n=5) cases. Six patients
had received prior chemotherapy, and 14 were chemo-naive patients. The patients
had received a combination of cisplatin and etoposide (n=9), cisplatin, vindesine
and mitomycin (n=6), cisplatin and vindesine (n=4), or cisplatin alone (n=1). One
patient showed complete response and nine showed partial response, yielding an
objective response rate of 50%. The response rate did not differ between patients
with the initial diagnosis of SCLC and those with the initial diagnosis of NSCLC,
however, the response rate in chemo-naive patients (64%) was significantly different
from that in previously treated patients (17%).

Conclusions: Our results suggest that the response rate of LCNEC to cisplatin-based
chemotherapy was comparable to that of SCLC.

© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Pulmonary neuroendocrine tumors include a spec-
trum of four clinicopathological entities classified
on the basis of the morphological and biological
features: typical carcionoid and atypical carcinoid,
which are tumors of low to intermediate grade ma-
lignancy, and large cell neuroendocrine carcinoma
(LCNEC) and small cell carcinoma (SCLC), which are
high-grade malignant tumors. Travis et al. proposed
the term LCNEC in 1991 [1], for classifying a type of
poorly differentiated high-grade carcinoma charac-
terized by a neuroendocrine appearance under light
microscopy. LCNEC exhibits more prominent cellu-
lar pleomorphism and higher mitotic activity than
the atypical carcinoid (AC), and is distinguished
from SCLC by the tumor cell size and chromatin
morphology. Although several different terminolo-
gies and classifications have been proposed previ-
ously, and even the present classification of pul-
monary neuroendocrine tumors lacks uniform def-
inition criteria, this class of tumors could become
widely accepted and included in the updated histo-
logical classification of the World Health Organiza-
tion [2].

The clinical features of LCNEC have not yet
been completely clarified. The prognosis of pa-
tients with surgically resected LCNEC is reported
to be intermediate between that of AC and SCLC
[3—5], and the same as that of resected NSCLC,
except that stage | LCNEC has a poorer progno-
sis than stage | non-small cell lung cancer (NSCLC)
[6]. To the best of our knowledge, however, there
are no studies that have examined the role of
chemotherapy for LCNEC and the prognosis of pa-
tients with unresectable LCNEC, even though sev-
eral reports have been published on the associa-
tion between response to chemotherapy and the
neuroendocrine differentiation of NSCLC [7-9].
The appropriate treatment of unresectable LCNEC,
therefore, remains unclear. In the present study,
we attempted to investigate the effectiveness of
chemotherapy with cisplatin-based regimens for
LCNEC in patients with unresectable and recurrent
LCNEC.

2. Materials and methods

Eighty-seven of 2790 patients with primary lung
cancer who underwent tumor resection from 1982
to 1999 at the National Cancer Center Hospital were
found to have tumors with the histological char-
acteristics of LCNEC [6]. Of these, five had re-
ceived cisplatin-based chemotherapy at the time

of recurrence, and were enrolled as subjects of
this study. In addition, 303 of 567 patients who
were autopsied from 1983 to 1997 at the Na-
tional Cancer Center Hospital who had the fol-
lowing histological diagnoses were first selected:
SCLC (n=112), poorly differentiated adenocarci-
noma (n=99), large cell carcinoma (n=58), poorly
differentiated squamous cell carcinoma (n=29),
poorly differentiated adenosquamous carcinoma
(n=2), LCNEC (n=2), and carcinoid (n=1). Of
these, 161 had received cisplatin-based chemother-
apy were selected for a pathological review. Fi-
nally, specimens from 17 of these161 cases were
found to have histological characteristics consis-
tent with the diagnosis of LCNEC, and were se-
lected as subjects of this study. We focused on
cisplatin, because since the 1980s, cisplatin has
been the only anticancer agent with proven ef-
ficacy against both SCLC and NSCLC [10,11]; we,
therefore, considered that the effectiveness of
chemotherapy for LCNEC could be reasonably eval-
uated if cisplatin were included in the regimen.
Cases which had received adjuvant chemotherapy
without evaluable lesions were excluded from the
analysis.

All the available paraffin-embedded tissue sec-
tions stained with hematoxylin—eosin were re-
viewed. We classified LCNEC according to the
histopathological criteria in the WHO classifica-
tion [2]. Immunohistochemical analysis was per-
formed to confirm the neuroendocrine features
of the tumors. For this purpose, formalin-fixed
paraffin sections were stained for a panel of neu-
roendocrine markers, including chromogranin A
(CGA), synaptophysin (SYN), and neural cell ad-
hesion molecule (NCAM), using standard methods.
The intensity of immunostaining for these mark-
ers was scored as follows: +, when the propor-
tion of stained tumor cells was >50%; +, when
10—-50% of tumor cells were stained; and —, when
<10% of tumor cells were stained, as previously de-
scribed [6]. One case included in this study had
the typical histological features of LCNEC, but
no neuroendocrine features as determined by the
immunohistochemical analysis. For specimens ob-
tained after treatment, we routinely confirmed
that the histopathological and morphological fea-
tures showed no changes due to treatment as
compared with the pretreatment biopsy or cyto-
logic specimens. Such cases for which no pretreat-
ment samples were available were excluded from
the study; since it has been reported that his-
tological changes may occur after treatment in
SCLC [12], we were concerned that misdiagno-
sis might occur if the same were also true for
LCNEC.
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Fig. 1 Case no. 2, 57-year-old man. (A) The tumor cells which are large-sized, poltygonal in shape and have a low
nuclear-cytoplasmic ratio, are arranged in organoid nests and trabeculae (H&E stain, x200). Positive staining for neural
cell adhesion molecute (B), chromogranin A (C), and synaptophysin (D) (immunostain, x400).

Clinical information about the cases was ob-
tained from the medical records. The clinical dis-
ease staging was reassessed according to the lat-
est International Union Against Cancer (UICC) stag-
ing criteria [13]. The response to chemotherapy
and overall survival rate were assessed retrospec-
tively. The objective tumor response was evalu-
ated according to the WHO criteria published in
1979 (WHO, 1979) [14]. The survival time was mea-
sured from the date of start of chemotherapy with a
cisplatin-containing regimen. Survival curves were
drawn using the Kaplan—Meier method [15]. Drug
toxicity could not be assessed as the study was a
retrospective one and records were often incom-
plete.

3. Results

Overall, 22 cases were recognized as having tumors
with histological characteristics consistent with LC-
NEC among the autopsied and surgically resected
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cases of primary lung cancer that had received
cisplatin-based chemotherapy and had evaluable
lesions; of these 17 were autopsied cases and
five were surgically resected cases. Two of the
autopsied cases were excluded, because no pre-
treatment pathological or cytological samples were
available. The typical microscopic appearance of
the tumor specimens is shown in Fig. 1A. The speci-
men sources for the prechemotherapy-diagnosis in-
cluded surgically resected specimens (n=5), biopsy
specimens (n=9), and cytology specimens (n=6).
The histological and cytological findings in the spec-
imens obtained before chemotherapy were con-
sistent with those in the specimens obtained af-
ter chemotherapy. We therefore finally enrolled 20
cases in this study. The initial pathologic diagnoses
in these patients were as follows: small cell car-
cinoma (n=10), poorly differentiated adenocarci-
noma {n=6), large cell carcinoma (n=2), undiffer-
entiated carcinoma (n=1), and poorly differenti-
ated carcinoma (n=1) (Table 1). None of the cases
had been labeled as LCNEC at the time of initial
diagnosis, probably because the concept of LCNEC
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Table 1 Patient characteristics
Characteristics N %
No. of patients 20
Sex
Male 18 90
Female 2 10
Age, median (range) 58 (37-74)
Smoking history
Yes 19 95
No 1 5
Performance status
1-2 19 95
>2 1 5
Initial pathological diagnosis
Small cell carcinoma 10 50
Adenocarcinoma 6 30
Large cell carcinoma 2 10
Others 2 10
Clinical stage at the start of chemotherapy
A 3 15
ns 6 30
v 6 30
Postoperative recurrence 5 25
Prior treatment
None 10 50
Surgery 4 20
Radiotherapy 2 10
Chemotherapy without cisplatin 6 30

was not completely accepted at our hospital at that
time.

The results of the immunohistochemical staining
are shown in Table 2, and a typical case showing
positive staining is shown in Fig. 1B and D. Of the
20 LCNECs, 19 expressed at least one of the three
general neuroendocrine markers, namely CGA, SYN,
and NCAM. Sixteen of the 20 LCNECs exhibited pos-
itive staining for NCAM, while one showed equivo-
cal staining. Twelve of the 20 LCNECs showed posi-
tive staining for CGA. Thirteen LCNECs showed pos-
itive staining for SYN and three showed equivocal
staining. Only one case was negative for all the
three general neuroendocrine markers, however,
this case exhibited the typical histological features
of LCNEC on light microscopy.

The clinical characteristics of the patients are
summarized in Table 1. The extremely high predom-
inance of men and smokers in this study was com-
parable to the demographic features of our LCNEC
patients treated by surgical resection [6]. Previous
chemotherapy was given in six patients: nedaplatin
in one and cyclophosphamide-based regimen in five
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Table 2 Staining for neuroendocrine markers in 20
LCNECs

Case NCAM CGA SYN
1 + + +
2 + + +
3 + + +
4 + + +
5 + + +
[ + + +
7 - + -
8 + - -
9 — — —

10 - + +

11 + - +

12 + + +

13 + + +

14 + +

15 + + +

16 * - NA

17 + - +

18 * - NA

19 * - +

20 - + +

NCAM, neural cell adhesion molecule; CGA, chromogranin A;
SYN, synaptophysin; NA, not assessed.

patients. The chemotherapy regimens used were as
follows: cisplatin (80mg/m?2, day 1) and etoposide
(100mg/m?, days 1-3) (n=9), cisplatin (80 mg/m?,
day 1), vindesine (3 mg/m?2, days 1 and 8) and mito-
mycin (8 mg/m?, day 1) (n=#6), cisplatin (80 mg/m?,
day 1) and vindesine (3 mg/m?, days 1 and 8) (n=4),
or cisplatin (100mg/m?, day 1) alone (n=1). The
median (range) number chemotherapy cycles were
2 (1—6). Of the 20 patients, one showed CR and
nine showed PR, yielding an overall response rate
of 50% (95% confidence interval, 27.2—72.8%). One
CR and four PRs were observed among the cases
treated with cisplatin and etoposide, two PRs were
found among those treated with cisplatin, vinde-
sine and mitomycin, and three PRs were found
among those treated with cisplatin and vindesine.
Seven patients showed NC, and three showed pro-
gressive disease. While the response rate did not
differ between patients with an initial diagnosis
of SCLC and those patients with an initial diag-
nosis of NSCLC, previous chemotherapy affected
the response to cisplatin: the response rate in
chemo-naive patients was 64%, whereas that in
previously treated patients was 17%. The median
progression-free survival in the 20 patients was 103
days, median survival was 239 days, 1-year sur-
vival rate was 35%, and 2-year survival rate was
15%.
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4, Discussion

In this extensive review of over 3000 lung cancer pa-
tients, we found considerable difficulty in evaluat-
ing the response of LCNEC to systemic chemother-
apy. The pathological diagnosis of LCNEC was es-
tablished in 87 (3.1%) of 2790 patients treated by
surgical resection. This low incidence of LCNEC in
surgically treated lung cancer patients is compara-
ble to that in other previously published reports:
2.4% (50/2070), 2.9% (22/766), and 3.6% (53/1530)
[16—18]. Of the 87 patients, only five who had re-
ceived cisplatin-based chemotherapy for recurrent
tumor that was evaluable for the response. While
LCNEC is difficult to diagnose prior to the start of
treatment on the basis of the findings in biopsy or
cytological specimens, the architectural neuroen-
docrine features may, more or less, be reflected
in these small samples [19,20]. We, therefore, con-
ducted a review of 567 autopsy cases of lung cancer,
and identified 15 cases of LCNEC who had received
cisplatin-based chemotherapy. We obtained a re-
sponse rate to cisplatin-based chemotherapy of 50%
in these 20 patients with LCNEC, however, the clini-
cal characteristics of patients with medically treat-
able advanced LCNEC would still remain to be clar-
ified, because autopsy is conducted only in highly
selective cases.

Travis et al. suggested that immunchistochem-
ical or electron-microscopic evidence of neuroen-
docrine features were important to diagnose LCNEC
[1]. We assessed the neuroendocrine marker ex-
pression by immunohistochemical staining for CGA,
SYN, and NCAM. Qur cases included one that was
negative for all the three neuroendocrine mark-
ers examined, but showed the typical histologi-
cal features of LCNEC, which could be attributable
to technical staining problems. Immunohistochem-
ical staining for neuroendocrine tumors is gener-
ally recognized as only a supplementary diagnostic
tool. in addition, the post-surgical survival rate did
not differ between histologically diagnosed cases
of LCNEC with neuroendocrine differentiation in
marker expression as assessed by immunohisto-
chemical staining and large cell carcinoma with
neuroendocrine morphology where the neuroen-
docrine markers were negative (data not shown).
Thus, we decided to include the case with negative
staining as LCNEC on the basis of its typical neu-
roendocrine morphology.

To the best of our knowledge, only one study on
the efficacy of chemotherapy in patients with LC-
NEC has been reported previously. In the study, 13
patients with LCNEC received chemotherapy when
relapse was noted after surgical resection, and two
(20%) of 10 evaluable patients showed an objec-

tive response. The evaluable lesion in these pa-
tients, however, was the brain in seven, liver in
two, and bone in one patient [21]. Thus, the rel-
atively low response rate in the report may be due
to the site of the evaluable lesion. In addition,
reports on the correlation between response to
chemotherapy and neuroendocrine differentiation
of NSCLC may be helpful. Graziano et al. reported
that the proportion of NSCLC positive for neuroen-
docrine markers was higher in responders than in
non-responders among 52 NSCLC patients treated
by chemotherapy, and that the result suggested a
correlation between positivity for neuroendocrine
marker expression and the likelihood of response
to chemotherapy [7]. On the other hand, others
have reported the absence of any correlation be-
tween the presence of neuroendocrine differen-
tiation and the response to chemotherapy [8,9].
The neuroendocrine differentiation in NSCLCs in the
aforementioned studies was confirmed only by im-
munohistochemical staining and not on the basis
of the morphological definition of LCNEC. There-
fore, these groups might have potentially included
heterogeneous subtypes of lung carcinoma, such as
adenocarcinoma or squamous cell carcinoma, with
components of neuroendocrine differentiation. The
conflicting conclusions of these studies may, there-
fore, reflect differences in the biological charac-
teristics of the tumors included in the analysis.
Since the definition of LCNEC is based on morpho-
logical criteria as well as positivity for neuroen-
docrine marker expression, LCNEC is may be consid-
ered to be a clinically homogeneous group. There-
fore, our study of LCNEC may endorse the for-
mer reports about the relationship between neu-
roendocrine differentiation and the sensitivity to
chemotherapy.

Objective response to chemotherapy can be
observed in only 15—30% of NSCLCs, even when
they are treated with regimens containing cis-
platin [10]. In SCLC, however, effective combina-
tion regimens yield objective response rates in the
range of 80—90% [11]. Our study showed an over-
all response rate of LCNEC of 50% to cisplatin-
based chemotherapy, and a response rate of 64% in
chemo-naive patients, which seemed to be higher
than the response rate of NSCLC to chemotherapy.
Considered together, these results suggest that the
chemosensitivity of LCNEC is intermediate between
that of NSCLC and SCLC, although we were un-
able to obtain firm evidence from this retrospec-
tive study, which included only a small cohort of
patients.

Since LCNEC is a relatively rare subtype of lung
cancer, a prospective study is difficult to perform,
and may only be possible as a multicenter study.
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For this purpose, it is an urgent task to establish
diagnostic criteria for LCNEC based on examination
of biopsy or cytologic specimens. Although the his-
tological definition of LCNEC in surgically resected
specimens proposed by Travis et al. is commonly ac-
cepted, its diagnostic reproducibility is not satisfac-
tory [22]. It is also difficult to apply the definition to
biopsy specimens, in which artifacts can easily be
produced and detailed examination may be difficult
due to insufficient specimen size. Thus, definitive
diagnostic criteria also applicable to biopsy and cy-
tologic specimens are required.

Our study did not include any cases labeled as
LCNEC at the time of initial diagnosis. One half
of the cases was originally diagnosed as SCLC and
the other half as NSCLC, including poorly differen-
tiated adenocarcinoma and large cell carcinoma.
This was attributed to the fact that the concept
of LCNEC was not clearly defined prior to its being
proposed by Travis et al. [1]. Thus, it is possible
that patients with LCNEC were included in earlier
clinical trials for NSCLC or SCLC. If LCNEC shares
the poor prognosis of NSCLC, the reported results
of chemotherapy for NSCLC may have been worse
in studies in which cases of LCNEC were included.
Similarly, the results of clinical studies of SCLC
to study their objective response to chemotherapy
may also have been worse because of the confound-
ing effects of the inclusion of LCNECs among the
cases.

In conclusion, our results suggest that the re-
sponse rate of LCNEC to cisplatin-based chemother-
apy was comparable to that of SCLC. However,
because of the retrospective nature of this study
and the small sample size, we could not arrive at
any definitive conclusion; we, therefore, propose
to conduct a prospective study in the future aimed
at elucidating the efficacy of chemotherapy for LC-
NEC. To that end, firm diagnostic criteria for LCNEC
need to be established, even when the diagnosis
must be based only on examination of biopsy and
cytology specimens.

Acknowledgment

We thank Ms. Yuko Yabe for kindly preparing this
manuscript.

References

[1] Travis WD, Linnoila RI, Tsokos MG, Hitchcock CL, Cut-
ler Jr GB, Nieman L, et al. Neuroendocrine tumors of
the lung with proposed criteria for large-cell neuroen-
docrine carcinoma. An ultrastructural, immunohistochemi-

316

cal, and flow cytometric study of 35 cases. Am J Surg Pathol
1991;15:529-53.

{2] Travis W, Corrin B, Shimosato Y, Brambilla E. Histological
typing of lung and pleural tumours. Berlin: Springer-Verlag;
1999.

{3] Rusch VW, Klimstra DS, Venkatraman ES. Molecular markers
help characterize neuroendocrine lung tumors. Ann Thorac
Surg 1996;62:798—809 [discussions 09—10].

[4] Dresler CM, Ritter JH, Patterson GA, Ross E, Bailey MS, Wick
MR. Clinical-pathologic analysis of 40 patients with large
cell neuroendocrine carcinoma of the lung. Ann Thorac Surg
1997;63:180-5.

[5] Travis WD, Rush W, Flieder DB, Falk R, Fleming MV, Gal AA,
et al. Survival analysis of 200 pulmonary neuroendocrine
tumors with clarification of criteria for atypical carcinoid
and its separation from typical carcinoid. Am J Surg Pathol
1998;22:934—44,

[6] Takei H, Asamura H, Maeshima A, Suzuki K, Kondo H, Niki
T, et al. Large cell neurcendocrine carcinoma of the lung:
a clinicopathologic study of eighty-seven cases. J Thorac
Cardiovasc Surg 2002;124:285-92.

[7] Graziano SL, Mazid R, Newman N, Tatum A, Oler A, Mortimer
JA, et al. The use of neuroendocrine immunoperoxidase
markers to predict chemotherapy response in patients with
non-small-cell lung cancer. J Clin Oncol 1989;7:1398—406.

[8] Schleusener JT, Tazelaar HD, Jung SH, Cha SS, Cera PJ, My-
ers JL, et al. Neuroendocrine differentiation is an indepen-
dent prognostic factor in chemotherapy-treated nonsmall
cell lung carcinoma. Cancer 1996;77:1284—91.

[9] CarlesJ, Rosell R, Ariza A, Pellicer |, Sanchez JJ, Fernandez-
Vasalo G, et al. Neuroendocrine differentiation as a prog-
nostic factor in non-small cell lung cancer. Lung Cancer
1993;10:209—19.

[10] Ginsberg RJ, Vokes EE, Rosenzweig K. Non-small cell lung
cancer. In: DeVita VT, Hellman S, Rosenberg SA, editors.
Cancer: principles & practice of oncology. 6th ed. Philadel-
phia: Lippincott Williams & Wilkins; 2001. p. 925—83.

[11] Murren J, Glatstein E, Pass HI. Small cell lung cancer. In:
DevVita VT, Hellman S, Rosenberg SA, editors. Cancer: prin-
ciples & practice of oncology. 6th ed. Philadelphia: Lippin-
cott Williams & Witkins; 2001. p. 983—1018.

[12] Fushimi H, Kikui M, Morino H, Yamamoto S, Tateishi R, Wada
A, et al. Histologic changes in small cell lung carcinoma
after treatment. Cancer 1996;77:278—83.

[13] Sobin LH, Wittenkind C. TNM classification of malignant tu-
mors. New York: Wiley-Liss; 1997.

[14] Handbook for reporting results of cancer treatment.
Geneva: World Health Organization (WHO); 1979.

[15] Kaplan ELMP. Non-parametric estimation from incomplete
observations. J Am Stat Assoc 1958;53:457—81.

[16] Jiang SX, Kameya T, Shoji M, Dobashi Y, Shinada J, Yoshimura
H. Large cell neuroendocrine carcinoma of the lung: a his-
tologic and immunohistochemical study of 22 cases. Am J
Surg Pathol 1998;22:526—37.

[17] lyoda A, Hiroshima K, Toyozaki T, Haga Y, Fujisawa T,
Ohwada H. Clinical characterization of pulmonary large
cell neuroendocrine carcinoma and large cell carcinoma
with neuroendocrine morphology. Cancer 2001;91:1992—
2000.

[18] PaciM, Cavazza A, Annessi V, Putrino |, Ferrari G, De Franco
5, et al. Large cell neuroendocrine carcinoma of the lung:
a 10-year clinicopathologic retrospective study. Ann Thorac
Surg 2004;77:1163-7.

[19] Yang YJ, Steele CT, Ou XL, Snyder KP, Kohman LJ. Diagnosis
of high-grade pulmonary neuroendocrine carcinoma by fine-
needle aspiration biopsy: nonsmall-cell or small-cell type?
Diagn Cytopathol 2001;25:292—-300.



Chemotherapy of large cell neuroendocrine carcinoma 223

[20] Wiatrowska BA, Krol J, Zakowski MF. Large-cell neuroen- tung: pathological study and clinical outcome of 18 resected
docrine carcinoma of the lung: proposed criteria for cyto- cases. Lung Cancer 2002;37:287-92. ‘
logic diagnosis. Diagn Cytopathol 2001;24:58—64. [22] Travis WD, Gal AA, Colby TV, Klimstra DS, Falk R, Koss
[21] Mazieres J, Daste G, Molinier L, Berjaud J, Dahan M, Del- MN. Reproducibitity of neuroendocrine tung tumor classi-
sol M, et al. Large cell neuroendocrine carcinoma of the fication. Hum Pathol 1998;29:272—9.

Available online at www.sciencedirect.com

BOIENCE@DIREOT‘

317



