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administration of UFT for 2 or 3 weeks and a bolus injection of
cisplatin at mid-cycle of administration of UFT for advanced
non-small-cell lung cancer yields a response rate of 29 to 38%
and a median survival time of 10 to I3 months (9-11).

With these backgrounds, we conducted a phase IT trial
combining the oral administration of S-1 for 21 days and a bolus
injection of cisplatin on day 8 in patients with advanced
NSCLC.

PATIENTS AND METHODS

Patient Eligibility. The patients were eligible for this
phase I trial if they had been either cytologically or histologi-
cally confirmed to have NSCLC; stage OB without any indi-
cations for radiotherapy or stage IV; measurable disease; no
prior treatment; an age range from 20 to 74 years; an Eastern
Cooperative Oncology Group performance status of 0, 1, or 2;
and a projected life expectancy of at least 3 months. Other
eligibility criteria for an organ function were as follows: 2
leukocyte count of 4,000 to 12,000/pL; platelet count
=100,000/L; hemoglobin level of =9 g/dl; a serum bilirubin
level <1.5 mg/dl; serum aspartate aminotransferase and alanine
aminotransferase levels <100 TU/L; alkaline phosphatase level
of twice the upper limit or less; normal creatinine level; creat-
inine clearance rate of at least 60 mL/minute; partial pressure of
arterial oxygen >70 Torr. For staging, ell patients underwent a
computed tomography scan of the thorax, including upper ab-
domen, and either a brain computed tomography scan or mag-
netic resonance images of brain, and a radioisotopic bone scan
was also done in almost all patients.

Any patients who were pregnant or had concomitant seri-
ous diseases, a concomitant malignancy, pleural effusion neces-
sitating treatment, or symptomatic cerebral involvement were
excluded from the study. Written informed consent was required
from all patients, and the protocol was zpproved by the institu-
tional ethics committee of each of the participating institutions.
On entrance to the study, the eligibility of patients was checked
via facsimile by the central administration office of the Tokyo
Cooperative Oncology Group (Tokyo).

Treatment Schedule, S-1 capsule in the form of a 20 and
25 mg capsule containing 20 and 25 mg tegafur, respectively,
was provided by the Taiho Pharmaceutical Co., Ltd. (Tokyo,
Japan). §-1 was administered orally, 40 mg/m?® twice a day, after
meals between days 1 and 21. The actual dose of §-1 was
selected as follows: in a patient with body surface area (BSA) <
1.25 m?, 40 mg twice a day; BSA of 1.25 m® but <1.5 m?, 50
mg twice a day; and BSA = 1.5 m% 60 mg twice a day.
Cisplatin (60 mg/m”) was administered intravenously on day 8
when patients were hydrated with at least & 2,500 mL infusion.
An antiemetic agent could be administered at the discretion of
each patient's physician. The treatment regimen was repeated
every 5 weeks at least two cycles unless disease progression or
unacceptable toxicity occurred. A leukocyte count of
=3,000/uL and the entry eligibility criteria regarding organ
functions had to be satisfied to start the next cycle. If these
criteria were satisfied 4 weeks after day 1 of each cycle of
chemotherapy, the next cycle could be administered, The doses
of $-1 were adjusted according to the degree of hematologic and
nonhematologic toxicity. The dose was reduced by one level (20

mg per day) in patients whose BSA was =1.25 mg, with
evidence of grade 4 hematologic toxicity or grade 3 or more
nonhematologic toxicity during any cycle of administration. If
recovery from such toxicities was confirmed at a reduced dose,
administration at the reduced dose was continued. If 2 patient
with BSA <1.25 m?® experienced the above toxicities, then no
further treatment with S-1 was done. If a rest period of >4
weeks was required, then the patient was withdrawn from the
study.

Evaluation of Response and Toxicity. All eligible pa-
tients who received any part of the treatment were considered
assessable for response and toxicity. Chest X-ray, complete
bloed count, and blood chemistry studies were repeated weekly.
The response was assessed based on the chest X-ray or com-
puted tomography scan findings that initially had been used to
define the tumor extent. The response was evaluated in accord-
ance with the criteria of the World Health Organization (12). A
central radiological review was done to determine the eligibility
of patients and the response of treatment. Adverse events were
graded according to the National Cancer Institute-Common
Toxicity Criteria (NCI-CTC) version 2.0.

Statistical Analysis. The number of patients to be en-
rolled in this study was calculated to be 54, which was required
to reject the null hypothesis that the lower bound of 95% CIT of
the expected response rate (50%) would be <30% under the
conditions of e error of 0.025 {one side) and B error of 0.2. The
overall survival of the eligible patients was defined as the time
from the start of the treatment until death from any cause, and
it was estimated by the Kaplan-Meier method. Differences be-
tween the proportions were evatuated by the x? test. The data
were considered to be significant when the P value was =<0.05.

RESULTS

Patient Population. Between September 2000 and No-
vember 2001, 56 patients were enrolled in this study. One
patient was considered to be ineligible because of prior treat-
ment for pleurodesis in which 0K432 was used for his malig-
nant pleural effusion. The clinical characteristics of all eligible
55 patients are listed in Table 1. They included 41 men and 14
women, with a median age of 64 years. Thirty (55%) patients

Table I Patient characteristics

No. of patients 55
Age (years), median (range) 64 (46--74)
Gender
Male 41 (75%)
Female 14 (26%)
Performance statas (ECOG)
0 30 (55%)
1 23 (42%)
2 2 (4%)
Stage
B 16 (18%)
v 45 (B2%)
Histology
Adenocarcinoma 37(67%)
Squamous cell carcinoma 14 (26%)
Others 4(71%)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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had Eastern Cooperative Oncology Group performance status of
0 and 45 (82%) patients had stage IV disease. The predominant
histology type was adenocarcinoma (67%).

Response and Survival. Among all 55 eligible patients,
1 had a complete response and 25 had a partial response. Thus,
the overall response rate was 47% (95% CI, 34-61%). Because
one ineligible patient had a partial response, the overall response
of all registered 56 patients was 48% (95% CI, 35-62%). The
responding patients were classified in terms of the items shown
in Table 2. There was no statistically significant difference in
the response rates between the items compared. The median
response duration was 4.2 months.

The median follow-up period was 28 months (range,
20-33 months). As shown in Fig. 1, median survival time of the
55 eligible patients was 11 months and the 1-year and 2-year
survival rates were 45% (95% C1, 32-59%) and 17% (55% CI,
6-27%), respectively.

Adverse Events. The adverse events observed through-

out the treatment of the 55 eligible patients are shown in Table-

3. Among the hematologic adverse event, grade 3/4 neutropenia
and anemia was observed in 29 and 22% of the patients, Tespec-
tively. However, grade 3 thrombocytopenia was observed in
only one patient (2%), and no patient had grade 4 thrombocy-

Table 2 Paticnt characteristics in relation to the response

Response
No.of — . Response
Characteristics patients CR PR NC PD rate (%)
All 55 1 25 23 6 47
Gender
Male 41 1 20 15 5 51
Female i4 0 5 8 1 36
Stage
DIB 10 0 4 5 1 40
v 45 1 21 18 5 49
Histology
Adenocarcinoma 37 0 15 7 5 4]
Squamous cell carcinoma 14 1 7 5 1 57
Others 4 o 3 1 0 75

Abbreviations: CR, complete response; PR, partial response; NC,
no change; PD, progressive disease.
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Fig. 1 Overall survival. Each tick represents a patient who is alive. The
bars represent the 95% confidence interval of the survival rate at 1 year
and 2 years after treatment.

Table 3 Hematologic and nonhematologic toxicilies

Grade
Frequency of
Torxicity 1 2 31 04 Aor4(%)
Leukopenia g 18 2 1 6
Neutropenia 7 13 13 3 29
Anemia 14 24 10 2 22
Thrombocytopenia 28 4 1 0 2
Aspartate aminotransferase 7 0 1 0 2
Alanine aminotransferase 6 1 1 0 2
Creatinine o 1 1 0 2
Anorexia 21 15 7 0O 13
Vomiting 4 3 4 0 7
Diarrhea 12 3 4 0 7
Stomatitis 12 2 0 0O 0
Dermatitis 13 1] 0 0 0

topenia. Among the observed nonhematologic adverse events,
no grade 4 level was observed. There were ho unexpected
toxicities.

Compliance, A range of 1 to 12 treatment cycles were
administered (1 cycle, 6 patients; 2 cycles, 18 patients; 3 cycles,
5 patients; 4 cycles, 12 patients; >4 cycles, 14 patients). The
reasons for only one cycle of treatment were progressive disease
in 4 patients and adverse events in 2 patients. The dose of 5-1
was reduced in 8 patients because of adverse events including
myelosuppression in 4 patients, gastrointestinal toxicity in 2
patients, glycemia in 1 patient, and dermatitis in 1 patient, A
total of 197 cycles were given to the 55 patients. Sixty-nine
(49%) of 142 treatment cycles excluding the first cycle was
given at 4-week interval, 58 (40%) were at a2 5-week interval,
and 15 (11%) were at a >5-week interval,

DISCUSSION

Because the half-life of 5-FU is as short as 5 to 20 minutes
(13) and the antitumor activity of 5-FU is time dependent, the
continuous intravenous administration of 5-FU is considered to
be appropriate rather than a bolus intravenous injection of 5-FU.
In fact, a meta-analysis of six randomized trials in patients with
colorectal cancer showed that the response rate was clearly
higher for continuous infusion of 5-FU over 5 consecutive days
than for weekly bolus injection of 5-FU (14). Although NSCLC
has also been reported not to respond to 2 bolus injection of
5-FU (15), whether or not continuous treatment with 5-FU is
effective for NSCLC remains unclear. However, studies have
shown that a combination of cisplatin and protracted intrave-
nous injection of 5-FU is effective for NSCLC (16). In prior
trials, we used this combination chemotherapy with daily oral
administration of UFT in place of the protracted intravenous
injection of 5-FU which negatively affects the quality of life of
a patient for advanced NSCLC (3~11).

The combination chemotherapy of cisplatin and 5-FU has
been proven to have synergic antitumor effect in many experi-
mental and clinical studies (17, 18). However, the optimal
sequence for the administration of these drugs has yet to be
determined. The sequence of cisplatin followed by 5-FU has
been shown to be more cytotoxic than the reverse succession in
in vitre and in vivo studies (19, 20) whereas the sequence of
5-FU followed by cisplatin has been proven to have a greater



Clinical Cancer Research 7863

antitumor activity than the opposite order of administration in
tumor-bearing animals (21). Therefore, in our prior trials using
UFT, we designed a treatment regimen that is thought to be a
compromise solution between the present conflicting experi-
mental data; namely, a daily administration of UFT from day 1
to I4 or 21 and a bolus infusion of cisplatin on day § (9, 10).

In the present study with S-1, the treatment modality was
determined based on the UFT {rials (9, 10) and phase I/I trial of
S-1 combined with cisplatin in patients with sdvanced gastric
cancer (22). The dose of cisplatin was decreased from 80 mg/m?
in prior UFT trial to 60 mg/m? in the present trial because phase
I trial indicated that 60 mg/m? of cisplatin on day 8 was the
recommended dose when it was combined with daily adminis-
tration of S-1 from day 1 for 3 weeks (22). Conceming the dose
of cisplatin in combination chemotherapy in NSCLC patients,
the effect of the dosage on survival has not yet been clearly
elucidated. Klastersky et al. (23) reported the median survival
timne of patients who received vindesine plus combination chem-

otherapy consisting of either 60 or 120 mg/m? of cisplatin to be-

7.6 and 6.4 months, respectively, and no overall survival differ-
ence between the two groups was observed (P = 0.138), On the
other hand, the incidence of adverse events was significantly
higher in the 120-mg dose than that in 60-mg dose.

Although a comparison between the present S-1 trial and
the prior UFT trial with 108 patients (10) has limitation becanse
of different trials, the response rate and survival seems to be
favorable in the present tria] despite the fact that proportion of
stage IV patients in the present trial was higher than that in the
UFT trials (82% versus 68%). The response rate and median
survival time was 47% and 11.2 months in the present study and
2%% and 10 months in the UFT trial, respectively. The fre-
quency of severe adverse events in the both trials was similarly
low.

The standard chemeotherapy regimen for NSCLC is consid-
ered to be a platinum-based two-drug combination chemother-
apy that uses paclitaxel, docetaxel, gemcitabine, or vinorelbine.
The response rate and median survival e in the recent phase
I trials that use these combination chemotherapies have been
reported to be 17 to 28% and 7 to 9 months, respectively. Grade
3 or 4 hematologic and nonhematologic adverse events were
observed in 57 to 76% (neutropenia) and 4 to 35% (vomiting),
respectively (24, 25). In the present study with 8-1 and cisplatin,
the incidence of those adverse events seems to be lower than the
above mentioned data. In addition, the antitumor mechanism is
different from those agents. On the basis of these observations,
we plan to conduct a randomized trial comparing the present
combination chemotherapy with standard platinum-based two-
drug combination chemotherapy regarding survival and the
quality of life.
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Abstract

The purpose of this study was to establish the technique of multiplanar reconstruction {(MPR} with multidetector-row (MDR) computed to-
mography (CT) guided needle biopsy for the diagnaosis to access very difficult lesions. The CT guided percutaneous biopsy are well-established
methods to obtain cytological and histological material such as the peripheral tumors in lung cancer. Occasionally, the conventional CT cannot
permit planning a trajectory to avoid passage through bones. avoidance of bullae, fissures or vessels. In addition, some lesions are situated
in less favorable locations such as those in the costophrenic recess or close to the mediastinum. Rarely can we diagnose them. MPR with
MDR-CT has recently become widely available with applications for thoracic lesions. MPR images have been used 1o evaluate the location
of small peripheral lung nodules to the relation of bullaes, vessels, and costophrenic recess, To diagnose these lesions, the usefulness of MPR
were evalualed for an planning of an oblique approach of CT guided needle biopsy. MPR images were reconstructed as a line from the needle
entry point Lo the target lesion. The first oblique image applied as the direction of posterior—anterior and cranio-caudal axis, and the second
oblique image applied as the direction of posterior—anterior and lefi-right.

Eleven out of 151 patients were required MPR technique to allow possible access to target, because of avoidance of bone and fissures
in the needle pass or located in the costophrenic recess, between April 2001 and December 2002. The 5/11 patients were at the upper site
(segment 1, 2 and 6) behind the scapula and ribs, 3/11 patients were at the lower lobe (segment 10} in the costophrenic recess, and 3/11
were middle lobe or segment 3 covered by the ribs and fissures. All the lesions except one were histologically diagnosed. Five patients were
adenocarcinoma, and the other five patients were benign tumors. Pneumothorax occurred in one patient before we obtained the specimens.
MPR guided needle biopsy with oblique approach was thought to be useful for diagnosis of very difficult thoracic lesions and would obviate
an unnecessary surgical thoracoscopy.

@ 2004 Elsevier lreland Lid. All rights reserved.

Keywords: Multiplanar reconstruction; CT guided needle biopsy; Multidetector-row CT; Lung cancer

bronchobiopsy provide the answer to a great extent, however,
peripheral tumors not visible on endobronchial examination
are diagnosed less readily. The computed tomography (CT)

1. Introduction

The endoscopical bronchobiopsy and the percutaneous

-2

biopsy are today a well-established technique for the diagno-
sis of lung cancer, and indicate when the histological diagno-
sis can influence the therapeutic strategy. The endoscopical

* Corresponding Author. Present address: Department of Respiratory
Medicine, Graduate School of Medicine, Osaka City University, 1-4-3
Asahi-machi. Abeno-ku. Osaka 545-8585, Japan, Tel.: +81-6-6645-3801;
fax: +81-6-6645-3802.

E-mail address: kimuats@yo.rim.orjp (T. Kimura).

guided percutaneous biopsy is also well-established meth-
ods to obtain cytological and histological material such as
the peripheral tumors [1-6]. The CT guided biopsy is mainly
indicated when the diagnosis cannot be established by bron-
choscopic techniques. Percutaneous CT guided biopsy has
an overall sensitivity of 70-100% for diagnosis of malig-
nancy, most reports being in the 85-95% range [7]. The most
common causes of false-negalive are sampling error and in-
accurate needle placement [8]. Other cascs of false-negative

0720-048X/S - see front mater © 2004 Elsevier Iretand Lid. All rights reserved.
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are those which CT cannot permit planning a trajectory to
avoid passage through bones, avoidance of bullae, fissures
or vessels. Occasionally, the lesions are situated in less fa-
vorable locations such as those in the costophrenic recess or
close to the mediastinum.

The spiral or helical CT imaging, with the ability 1o ob-
1ain a series of continuous images in 30s during a single
breath-hold, has shown promise in the evaluation of com-
plex pathology. Spiral CT creates accurate volume data that
can be viewed nol only as trans-axial images, but also as
multiplanar reconstructions (MPRs) (e.g. coronal, sagittal,
or other user-defined oblique planes) [9-11]. Multidetector
row (MDR) CT scanner allows for unprecedented speed for
CT image acquisition. This acquired speed allows us depic-
tion of the smaller volume of data on the oblique images.
Furthermore, the nse of MDR-CT significantly clarified the
relation of lung tumor to vessels, bullae and pleura [11-13].
These thinner images can be reformatied into off-axis planes
to produce unique anatomic displays that were not previ-
ously possible. To my knowledge, the idea of the oblique ap-
proach to lesions was described as early as 1976 by Greene
[14]. However, the conventional CT scan needs a long time
to describe the oblique.

The purpose of this study was to establish the oblique
approach technique of MPR with MDR-CT guided nee-
dle biopsy for the diagnosis to access very difficult lesions.
Those accesses may avoid bones, bullae, fissures and vessels,
or may be able to access lesions located in the costophrenic
recess or close to the mediastinum. These technical improve-
ments of guidance may decrease the rate of biopsies techni-
cally impracticable, the rate of complications.

2. Materials and methods .

All lesions were imaged on a CT scanner at a dose of
120kVp, 100 mA. The CT scanner’s (LightSpeed Plus; GE
Medical Systems, Milwaukee, USA) detector configuration
was 2.5 times 4.0mm in the interspaced high-speed mode,
in which four interspaced helical data sets are collected
from four 1.25 mm detector rows. The high-speed mode is
equivalent to pitch of 3, with the table speed set at 7.5 mm
rotation. One rotation of the X-ray tube was 0.5s. The
MPR images were reconstructed and displayed from the

transverse images of 15-20 sections (2.5mm thick). All
biopsies were performed with a 18-guage, needle length
of 100 mm introducer needle (Hakko, Tokyo, Japan) and a
20-guage, needle length 160 mm core tissue biopsy needle
(Bard, Covinglon, USA) to be used with Bard Magnum
biopsy instrument (Bard, Covinglon, USA).

Oncologists and surgeons at clinical conferences pri-
marily referred patients and the informed consent was
obtained. Patients with a unique functional lung, scvere
cough, severe chrenic obstructive pulmonary disease, car-
diac insufficiency, or any other contradictions which were
considered to be impossible to perform the biopsy, were
excluded. Before the first CT scanning, a wire was placed
on the skin as a marker on CT images. When the lesions
are located in the costophrenic recess or close to the medi-
astinum, or any trajectory cannot avoid scapula, rib, bullae,
or vessel on either breath exhalation or inhalation hold on
axial scanning image, MPR images were constituted in or-
der to select the favorable needle entry point. MPR images
were reconstrucled as a line from the favorable needle entry
point to the target lesion. The first oblique image applied
as the direction of posterior-anterior axis and cranio-caudal
axis, and the second oblique image applied as the direction
of posterior-anterior axis and left-right axis. The distances
from the needle entry point to the lesion and pleura and the
target, and the angle from cranio-caudat axis to considerable
needle pass line was calculated (Fig. 1A) on the first oblique
image. The distance from the needle entry point to the wire
and the angle from left-right axis to needle passing line
(Fig. 1B) on the second obligque image. Figs. 1-3 showed
the case that the tumor was located at left upper lung at
segments 1 4+ 2. This tumor was located just behind the
rib, and faced on bullae. The patient was in prone position.
Lesion size was measured along the maximum times mini-
mum diameters. After the favorable needle entry point was
marked on the skin, lidocaine 1% solution was used for local
anesthesia.

Another two doctors were standing with a protractor at the
side of and in front of the patient. They instructed the oper-
ator to adjust the direction of needle through the protractor.
The guide needle was advanced through the skin to the mar-
gin of pleura with the patient’s breathing suspended. The first
oblique image applied as the direction of posterior—anterior
axis and cranio-caudal axis (Fig. 2A). The second oblique

Fig. 1. The schemas of the body position, target lesion and needle direction. The white circle means the target, the black circle means the wire, and the line
shows the direction of the needle. Panel A shows the distance from the needle entry point to the lesion and pleura, and the angle from cranio-candal axis Lo
considerable needle pass line. Panel B shows the distance from the needle entry point to the wire and the angle from lefi-right axis to needle passing line.
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Fig. 2. {A) Induction image of a first oblique image applied as the plane of posterior-anterior axis and cranio-cauda! axis. (B) Induction of a second

oblique image reconstructed the plane of posterior-anterior and lefi-right axis.

image applied as the direction of posterior—anterior axis and
left-right axis (Fig. 2B), A confirmatory helical acquisition
was performed through the needle shaft to the target, and re-
constructed into two MPR images. Fig. 3A showed the first
oblique images. This image indicated the planes of MPR im-
ages corresponding to Fig. 2A. Fig. 3B as the second oblique

(8
Fig. 3. (A} The first oblique image comesponding to the ptane indicated Fig. 2A. (B) The second oblique image comesponding 1o the plane indicated
Fig. 2B.

image, corresponding to Fig. 2B. The inducer needle was
adjusted by following the directions of another two doctors
with protractors. The CT scanning time was about 30s and
the construction time of the MPR image was about 30s.
The following technique was almost same as previ-
ously reported of CT guided core biopsy [1-3,5,15].
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Briefly, Adjustments in needle position were then made
and rechecked until the guide needle tip was immediately
adjacent 1o the proximal edge of the lesion. The core tissue
biopsy needle was inserted through the introducer needle
and the biopsy system was fired. With a probable tumor,
the biopsy was repeated until at least two samples were
obtained. The specimens were placed into formalin solution
until histological examination. With a suspected infectious
iliness, the needles were washed by saline for bacteriologic
analysis. Each procedure was performed very carefully and
one patient needs 30-60min to finish all steps.

After removal of the biopsy needle, patients were placed
in a puncture side-down position for 2h. All patients had
limited CT scans after biopsy 10 evaluate for the presence of
a pneumothorax, when a severe pneumothorax was present,
the patients were treated with placement of a chest tube.
The next morning, all patients were examined by chest ra-
diographs. Patients with enlarging pneumothoraces on se-
rial chest radiographs or with symptomatic pneumothoraces
were treated in the same way.

3. Results

From April 2001 to December 2002, there were 151 pa-
tients who underwent CT guided percutaneous Jung biopsies
at our institution. It was necessary in 11 out of 151 patients
to use the MPR technique 10 access to target, with avoidance
of bone and fissures in the needle pass. Table 1 summarizes
the patient characteristics including gender, age, the lesion
size, the distance from skin to lesion, the segment of each le-
sion, the patient position, diagnosis and complications. The
5/11 patients, including the case shown previously, were
at the upper site (segments 1, 2 and 6) behind the scapula
and ribs, 3/1) patients were at the lower lobe (segment 10}
in the costophrenic recess, and 3/11 were middle lobe or
segment 3 covered by the ribs and fissures. The biopsy was
performed with 9/11 patients in prone position and 2/11
patients in supine position. All the lesions except one were
histologically diagnosed. Five palients were adenocarci-
noma, and the other five patients were benign tumors. Preu-

mothorax occurred in one patient before we obtained the
specimens.

4, Discussion

Lung cancer continues to be the leading cause of cancer
death in Japan and the US, with a chance of cure in a mi-
nor proportion of patients resected at an early stage. The
theoretical advantage of CT for lung cancer screening is its
ability to demonstrate small cancers, presumably at stage 1
[16,17]. The primary tumor size, stage, and were significant
prognostic factors for survival [18,19].

Research at Mayo Clinic compared chest radiographs and
sputum cytology every 4 months for 6 years against stan-
dard follow-up [17]. No overall reduction in mortality, but
better survival for individuals in the intervention arm was
found. Moreover, that report indicates that CT can be vsed
for screening for lung cancer. Another study of The Early
Lung Cancer Action Project group reported the usefulness of
annual helical low-dose CT scanning compared with chest
radiography in heavy smokers over the age of 60 years [16].
On low-dose CT, they detected small non-calcified nodules
of lung cancer at an earlier stage, which are more curable.
These kinds of screening are becoming more popular now.
As it turned out, the population of tumors situated in the less
favorable locations will be increasing. Preoperative diagno-
sis of a pulmonary nodule by CT biopsy would be necessary
for them. The success of diagnosis by CT biopsy would ob-
viate an unnecessary surgical thoracoscopy.

The real-time CT (CT fluoroscopy) was developed to over-
come the limitations of conventional CT [20-22]. The meth-
ods of guided needle biopsies of the lung using the real-time
CT (CT fluoroscopy) can allow real-time visualization of the
needle tip or the site of the lesion. In addition, the total time
is very short. Compared with CT fluoroscopy, the advantages
of MPR guidance of lung biopsies include the following;
our methods permit planning a trajectory with avoidance of
bullae, fissures or vessels in oblique images. That approach
to the lesion might be possible to select from any entry point
from any direction. The radiation exposure to the operator

Table 1
Patient characteristics

Number Gender Age (years) Size (mm) Distance (mm} Location Position Diagnosis Comnplication
1 F 71 12 % 12 72 L1S1+2 Prone Adenocarcinoma None

2 F 69 20 x 10 52 LiS10 Prone Adenocarcinoma None

3 M 47 15 x 14 50 118142 Prone Adenocarcinoma None

4 F 5 20 x 10 16 L33 Supine Adenocarcinoma None

5 F 60 10 x 10 30 R186 Prone Eosinophilic granuloma None

6 M 72 30 x 30 62 LtS142 Prone Siticosis None

7 M 61 10 x 10 46 RiS10 Prone Eosinophilic granuloma None

8§ M 54 10 x 7 20 RtS3 Supine Solitary fibrous tumor None

9 F 53 30 x 10 41 RS54 Prone Adenocarcinoma None

10 M 53 10 x 10 57 R1§2 Prone No diagnosis Pneumothorax
11 M 54 g x8 46 RiS10 Prone Tuberculoma None
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is negligible. In our institute, these MPR images were re-
constructed from the transverse images of 15-20 sections
(2.5 mm thick). The images were not so sharp, but enough
clear 1o evaluate the needle from pleura and target lesion
in short time. In the future, CT fluoroscopy technique will
combine the advantage of MPR guidance. Further technical
improvements of guidance may decrease the rate of biopsies
technicatly impracticable, the rate of complications.

A major complication of a CT guided lung biopsy is the
development of a pnevmothorax and bleeding. Pneumoth-
orax has been reported from 0 to 61%, 20% in most re-
cent large series and the rate of pneumothoraces requiring
treatment with chest tube varies from 1.6 to 17% [7]. Un-
fortunately, we had one patient whom we could not obtain
the specimen because of the pneumothorax, Essentially, the
oblique approach needs longer insertion from needle entry
point to pleura than that of perpendicular approach. In the
oblique approach, the direction of needle is very important.
The wrong direction of needle approach cause unexpected
complications such as pneumothorax. In addition, the pul-
monary nodules move with respiration. The patient’s coop-
eration is thus indispensable to perform CT guided needle
biopsies. Slight movement or unstable breath holding dur-
ing the biopsy renders the initial localization of the lesion
inaccurate, making the needle biopsy more difficult, partic-
ularly with small lesions [23]. In this regard, as described
by Moore, we also recognize patient cooperation 1o be one
of the most important factors necessary for a successful pro-
cedure [4].

Previous studies have reported accuracy for CT guided
biopsy is related to the size of lesions [1,2,5,15]. In my
knowledge, there were few reports that described the rela-
tion to the location of tumor and accuracy, except for those
[23,24]. In my opinion, the location may affect the success
of the biopsy procedures. A limitation of our study is that it
was small population and subject to patient selection bias,
However, the goal of our study was to improve the tech-
nique of CT guidance and increase accuracy and decrease
false-negative cases.

Here we reported just technical aspects in this study.
and we proved the possibility of oblique needle biopsy
with safety and speedy using MDR-CT. It is concluded
from present study that MPR guided lung core biopsy is
a method of choice for lesions in difficult positions and
thought to be useful in the preoperative assessment. It has
widened the scope of lesions in unfavorable locations 1o
be targeted accurately. Future studies should include an in-
creased sample size and compare sensitivity and accuracy
to other techniques.
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Screening for lung cancer
Masaaki Kawahara

Purpose of review

With the development of newer forms of technology such as
low-dose spiral computed tomography, there has been a
resurgent interest in screening for lung cancer. The purpose of
this review is to highlight recent advances in screening for lung
cancer. Articles published since September 2002 are
reviewed here.

Recent findings

More frequent screenings (every 4 or 6 months) showed
increased mertality from lung cancer, compared with annual
screening. A mass screening conducted in 1990 was effective
in a case-control study. The results of lung cancer screening
by low-dose spiral computed tomography were reported from
the Milan group and the Mayo Clinic. Computed tomography
depicted peripheral early lung cancer, especially
adenocarcinoma. These results are consistent with previous
reports from other groups. Screening with imaging becomes
more sensitive with automated computerized methods.
Summary

A high percentage of stage IA lung cancers were detected by
screening with low-dose helical computed tomography. The
characteristics of the nodules detected by low-dose spiral
computed tomography have been clarified. There have been
many controversial discussions about cost effectiveness and
overdiagnosis. There is still no evidence that screening tests
reduce the rate of cancer-specific mortality. Several studies of
screening for lung cancer are under way.
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low-dose computed tomography, lung cancer, screening,
overdiagnosis, early stage
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Introduction

Lung cancer is the leading cause of death from cancer in
many industrialized countries [1]. The overall 6-year sur-
vival rates remain at approximately 15%, and most pa-
tients at diagnosis have advanced disease.

The individual risk of lung cancer depends almost ex-
clusively on exposure to inhaled carcinogens such as
cigarette smoke. Therefore, primary prevention of lung
cancer is to reduce the exposure to these carcinogens.
Secondary prevention aims at diagnosis of preclinical or
carly stages of lung cancer, particularly non-small-cell
lung cancer. Early detection is less efficient and more
costly than primary prevention but can be made available
for people who have already been exposed to carcino-
gens. Success in screening for cancer depends on several
basic assumptions: there must be effective treatment at
the preclinical stage that can reduce mortality in the
screened group as compared with the unscreened group.
The prevalence, specificity, sensitivity, accessibility,
cost, and associated morbidicy of the screening method
must also be reasonable.

Previous studies using chest radiography and sputum cy-
tology failed to reduce disease-specific mortality [2-5].
This review of screening for lung cancer is based mainly
on data published since September 2003.

Screening with sputum cytology and

chest radiography

Manser ¢ al. [6%] reported a first systemic review of
controlled trials to determine whether screening for lung
cancer using sputum examination or chest radiography or
CT reduces lung cancer mortality. This review included
245,610 subjects. More frequent screening (every 4 or 6
months) (RR 1.11, 95% CI 1.00-1.23) showed increased
mortality from lung cancer compared with less frequent
screening, In general, the harm associated with screening
was poorly reported. Recently used spiral CT has not
been incorporated in this study.

Sapawa et al. [7*] reported that the smoking adjusted
odds ratio for those screened by sputum cytology and
chest radiography versws those screened by chest radiog-
raphy only was 0.63, but not significant. They also re-
evaluated the efficacy of mass screening for lung cancer
done in the 1990s [8¢,9-12]. In a matwched case-control
study, the smoking-adjusted odds ratio in screened per-
sons versus nonscreened persons within 12 months of
pooled analysis was 0.56 (95% Cl1 0.48-0.65) with signifi-
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cance. However, those authors admitred the existence of
some confounding factors. All screening case-control
studies are fraught with bias, and this is no exception
[13¢]. We must await an ongoing prostate, lung, colorec-
tal, and ovarian trial funded by the National Cancer In-
stitute and designed to evaluate the impact of 2nnual
chest radiography screening on lung cancer mortality
14].

Screening by use of computed tomography
with or without positron

emission tomography

Studies using low-dose CT for screening suggest that
lung cancer can be detected at an earlier stage and with
higher sensitivity than with chest radiography [15-17].
The fact that almost all screen-detected lung cancers
were stage | and were successfully resecrable led in-
vestigators at the Early Lung Cancer Action Project
(ELCAP) to cast doubt on the necessity of randomized
studies to establish the survival benefit of this screening
approach [18]. Swensen ¢ @/ [19#¢] reported the results
of the Mayo Clinic experience through 2001, including
the results from the baseline prevalence and first two
annual (incidence) CT examinations in 1520 participants
aged 50 years or older who had smoked 20 pack-years or
more. T'wo years after baseline CT screening, 40 cases of
lung cancers were diagnosed: 26 at prevalence CT ex-
amination and 10 at subsequent incidence CT examina-
ton. CT alone depicted 36 cases; 93% of the lung cancer
were stage L. Lately, those authors have identified 56
lung cancers (29 prevalence, 23 incidence, and 4 interval
[20]. These results are consistent with those of the scudy
by Sobue ef 2/ [21] in which 36 lung cancers (14 preva-
lence, 22 incidence} were found in 1611 participants. In
this Anti-Lung Cancer Association project, participants
were invited to repeat the same screening twice a year.

The Z-year results of a screening trial for lung cancer in
1035 heavy smokers were reported by Pastorino e 4l
[22e+]. These workers of the Milan group used low-dose
CT to detect small pulmonary nodules and a diagnostic
algorithm, including positron emission tomography
(PETY) and contrast-enhanced CT, to classify nodules as
most likely benign or malignant. They reported a preva-
lence of 1.1% (11 cancers) and an incidence of 1.1% (11
cancers after 12 months), This study aimed to diagnose
malignancy faster by including PET in the diagnostic
algorithm. This study adds an important aspect 1o the
field of lung cancer screening with low-dose CT: simpli-
fication of the diagnostic algerithm for nodule classifica-
tion, More data are required to define the ideal algo-
rithm.

In any study, the rate of detection of benign nodules is
still high. The selection of the optimal target population
is very important, Van Klaveren e 4/, [23¢#] recommend

the inclusion of current smokers or ex-smokers (<5 years)
with a smoking history of at least 30 years and an average
consumption of at least 20 cigarettes a day.

As an ongoing trial, the National Cancer Institute [24]
has launched a study to determine whether screening
current and former smokers with spiral CT or chest ra-
diography reduces their risk of dying of lung cancer, This
study, called the National Lung Cancer Screening Trial,
will enroll 50,000 persons aged 55 to 74 years at 30 sites
throughout the United States. Patients in both screening
groups will be screened once a year for 3 years, and all
participants will be monitored until 2009. To look for
biomarkers for early detection of lung cancer, the Uni-
versity of Colorado Specialized Program of Research Ex-
cellence (SPORE trial) conducted a cohort study of sub-
jects at high risk for lung cancer (smoking history of =30
pack-years and chronic obstructive pulmonary disease
defined by spirometry) [25]. McWilliams e7 2/, conducted
a pilot study that used the combined techniques of au-
tomated quantitative image cytometry (AQC) of sputum
cells, autoflucrescence bronchoscopy, and spiral GT [26]).
AQC improved the detection rate of lung caneer from 1.8
to 3.1%.

Pulmonary nodules

Karabulut et @/. [27] compared low-dose CT with stan-
dard CT in the evaluation of pulmonary nodules. This
comparison was prospectively done in the same patients.
There were no statistically significant differences in the
number of nodules detected at standard CT or low-
dose CT.

Li er al. [28] studied the differences in the appearance of
the cancers in nonsmokers verszs smokers in Japan. Most
of the lung cancers in nonsmokers were slow-growing
adenocarcinomas appearing as faint ground-glass opaci-
ties on CT, whereas rapidly growing cancers appearing as
solid nodules were more commonly seen in smokers.

The detection rate for lung cancer was 1.1% for both
nonsmokers (45 of 4,251) and smokers (39 of 3596). The
prevalence of weil-differentiated adenocarcinomas was
greater in nonsmokers (88%, 22 of 25) than in smokers
(29%, 4 of 14) (P < 0.001). The prevalence and incidence
of pathologic stage IA disease were greater in nonsmok-
ers than in smokers (92% [22 of 24] ws 58% [7 of 12] and
100% [19 of 19] vs 70% [14 of 20], respectively) (both
P < 0.05). The mean size of the tumors in the nonsmok-
ers (12,4 mm) was smaller than in smokers (18.2 mm)
(P < 0.001). The percentage of cancers categorized as
pure or mixed ground-glass opacity (86%, 38 of 44) on
CT was greater in nonsmokers than in smokers (46%, 16
of 35) (P < 0.001). The auvthors included nonsmokers as
well as smokers in their screening. Henschke e @/ [29]
reported that the malignancy rate was significantly
higher for part-solid nodules than for either solid (P =
0.004) or nonsolid nodules (£ = .03). The malignancy
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type in the part-solid or nonsolid nodules was predomi-
nantly bronchioloalveolar carcinoma or adenocarcinoma
with bronchioloalveolar features, contrasting with other
subtypes of adenocarcinoma found in the solid nodules
(P = 0.0001). At annual repeat screenings, only 30 in-
stances of positive test results have been obrained; 7 of
these involved part-solid or nonsolid nodules. The mor-
phology of the nodules needs to be further classified.

Armato ¢ &/. [30] evaluated the performance of a fully
automated computerized method for the detection of
lung nodules in CT scans in the identification of lung
cancers that may be missed during visual interpretation.
Using this method, Armato ez 4/, [32] reported that a large
fraction of missed cancers (84%, 32 of 38) in a database of
low-dose CT scans were detected correctly. This may
help reduce the burden on the visual interpreter.

Aoyama ez 4/, {32] reported that the automated method
helped radiologists eliminate many benign nodules in a
lung cancer screening program with low-dose CT. With
a large base of 489 nodules, the performance of the au-
tomated computerized scheme with muliiple slices of
nodule images for determination of the likelthood mea-
sure of malignancy was greater than that with a single
slice of nodule images. There was an improvement in
distinguishing benign from malignant nodules when this
method was used, compared with the results obtained by
radiologists alone.

Ford er al. [33) reported on the adherence of screening,
Statistically significant predictors of nonadherence by
mulrivariate results were false positive cases with current
or past smoking status. Additional predictors were being
African American (P < 0.01), being female (P < 0.001),
and having a high school education or less (P < 0.01).
False positive results had a stronger effect on nonadher-
ence among ever-smokers than among never-smokers,

Overdiagnosis represents a subclinical condition that
would not have produced signs or symptoms before the
individual died of other causes [34]. It may cause the
person being screened to worry for months or years about
having cancer.

Yankelevitz ¢er a/. [35] calculated the doubling times of
stage | cancers detected by the Mayo Lung Project
(MLP) and Memorial Sloan-Kettering Cancer Center
{(MSK) to estimate the frequency of overdiagnosis. The
median doubling times were 101 days in the MLP and
144 days in the MSK. Only 5% had doubling times ex-
ceeding 400 days; 10% exceeded 300 days. The ELCAP
group contradicted the idea that screening in the MLP
with chest radiography led to a high proportion of over-
diagnosis among diagnoses of early-stage lung carci-
noma [36).
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Kashiwabara ef /. [37] evaluated the outcome in 45 pa-
tients with lung cancer found on lung cancer mass
screening roentgenograms, but who did not subse-
quently consult a doctor, A l-year delay in treatment
itself affected the outcome. In their study, the tumor
sizes in the delayed consultation group were 10 to 20 mm
in 4 patients and greater than 20 mm in 41 patients, and
there were no patients with tumor sizes less than 10 mm.
This may not serve as a reference of small nodules less
than 10 mm tumor.

Li et @/, [38#] also showed that lung cancers were missed
at low-dose CT screening in a general population in Na-
gano, Japan. All missed cancers were intrapulmonary,
and 28 (88%) were stage IA. All 20 detection errors oc-
curred in cases of adenocarcinoma, 17 (85%) of which
were well-differentiated tumors and 11 (55%) of which
were in nonsmoking women. These lung cancers were
very subtle and appeared as small faint nodules, overlap-
ping normal structures, or opacities in a complex back-
ground of other disease such as tuberculosis, emphy-
sema, or lung fibrosis. This was the first study on
characteristics of lung cancers missed at CT screening in
a general population, including nonsmokers and women.

Takashima e @/. [39] in Nagano, Japan, showed the re-
liability of high-resolution CT features of benign lestons,
which were small solitary pulmonary nodules (=1 cm)
detected by population-based CT screening for lung
cancer. Takashima et ¢/, [40] advocated the usefulness of
follow-up CT with a combination of findings on initial
and follow-up CT to differentiate benign and malignant
nodules.

A serious concern has been raised that the better our
methods of detection become, the more overdiagnosis of
lung cancer we will have. Ost ¢ /. [41] briefly reviewed
the clinical problem with the solitary pulmenary nodule.

Cost-effectiveness study

Lung cancer screening with low-dose CT is likely to be
cost effective if the screening process can detect more
than 50% of cancers at a localized stage [42].

Preliminary results of baseline screening were released
by Wisnivesky e @/. [43). Data from the ELCAP were
incorporated into a decision analysis model comparing
low-dose CT scan screening of high-risk individuals (se
those =60 years old with at least 10 pack-years of ciga-
rette smoking and no other malignancies) to observation
without screening. The incremental cost-effectiveness
ratio of a single baseline Jow-dose CT scan was $2500 per
vear of life saved. In the base-case analysis, screening
would be expected to increase survival by 0.1 year at an
incremental cost of approximately $230. The authors
concluded that a baseline low-dose C'T' scan for lung
cancer screening is potentially highly cost-effective.
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By contrast, Mahadevia e# /. [44%#] estimated the po-
tential benefits, harms, and cost-effectiveness of lung
cancer screening with helical CT in various efficacy sce-
narios. They compared annual helical CT screening with
no screening for hypothetical cohorts of 100,000 current,
quitting, and former heavy smokers, aged 60 vears, of
whom 55% were men. In multiway sensitivity analyses, a
program screening current smokers was $42,500 per
quality adjusted life years (QALY) gained if extremely
favorable estimates were used for all of the influential
parameters simultaneously. The authors concluded that
given the current uncerrainty of benefits, the harms from
invasive testing, and the high costs associated with
screening, direct-to-consumer marketing of helical CT is
not advisable. Future advancements in lung cancer diag-
nosis and treatment could make their result out of date.

Comber ¢ 2/, [45]. studied the impact of quantitative
contrast-enhanced CT (QECT) on the cost-effective-
ness of fluorodeoxyglucose (FDG)-PET. The QECT
strategy incurred the least cost ($5560/patient), but the
QECT+PET strategy was the most cost effective (incre-
mental cost-to-accuracy ratio $12059/patient). The prob-
lem was the low specificity of QECT: they assumed it to
be 0.58. This technique awaits further validation.

Centrally located lung cancer

The sensitivity of bronchoscopic detection of early lung
cancer depends on the size of the nodule, the site of the
lesion, and the prevalence in the study population.

The focus of screening seems to have moved toward
peripheral lung cancer. However, detection of centrally
located lung cancer is still important. Recent develop-
ments in the detection of preinvasive lesions of the large
airways by fluorescence bronchoscopy have been re-
viewed by Banerjee ¢ @/ [46¢]. Sutedja {47¢] recently
reviewed new techniques such as fluorescence bronchos-
copy and innovative sputum screening.

Effect of screening on smoking habit

Schnoll 7 /. [48] reported psychologic issues related to
the use of spiral CT. Greater motivation of female smok-
ers 1o quit smoking was related to greater age, lower
nicotine addiction, fewer health symptoms, and higher
quitting self-efficacy and pros of quitting. In their study,
16% of enrollees quit smoking after screening, Schnoll e
al. [49] also showed that 59% of smokers were interested
in smoking cessation counseling, with screening,

Several excellent reviews, comments, or editorials on the
screening for lung cancer have been published recently
[S0e-58e].

Conclusion

Although low-dose CT can depict early-stage lung can-
cers, the rate of benign nodule detection is still high.
Screening with imaging has become more sophisticated.

There is still no evidence that screening tests reduce the
rate of cancer-specific mortality. Its efficiency depends
on many factors such as the advancement of diagnostic
methods, financial cost, and psychologic effect as well as
the prevalence of curable lung cancer in the screened
population.
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Summary Hypercalcemia and leukocytosis are two of the most common paraneoplas-
tic syndromes associated with various matignancies. Of note, concomitant manifesta-
tion of hypercalcemia and leukocytosis are occasionally observed in the same cancer
patients. However, the relationship between these two paraneoplastic syndromes and
clinical outcome is unclear. In the present study, we retrospectively investigated the
occurrence of hypercalcemia (=10.2 mg/dl after adjustment for serum albumin con-
centration), leukocytosis (>14,000/mm? with no evidence of infection) or both in lung
cancer patients (1149 cases). There were 65 cases (5.7%) of hypercalcemia, 16 cases
{1.4%) of leukocytosis and six cases (0.5%) of both hypercalcemia and leukocytosis
at the time of first presentation. The occurrence of these two distinct paraneoplas-
tic syndromes in the same patients was more frequent than could have been ex-
pected by chance alone (P < 0.001). There was a significant correlation between the
hypercalcemia—leukocytosis syndrome and performance status (P = 0.002). Survivals
of patients with hypercalcemia alone (median survival time: MST 3.8 months, n = 59),
leukocytosis alone (MST 1.9 months, n= 10), and the hypercalcemia—leukocytosis
syndrome (MST 1.5 months, n=6) were significantly shorter than those without
them (MST 9.5 months, n =1074; P < 0.001). Moreover, survival of patients with the
hypercalcemia—teukocytosis syndrome was significantly shorter than that of patients
with hypercalcemia alone (P = 0.013). On the other hand, there was no significant
difference in survival between the hypercalcemia—!eukocytosis syndrome and leuko-
cytosis alone (P = 0.47). Multivariate analysis of prognostic factors using the Cox pro-
portional hazards model could not demonstrate that the hypercalcemia—leukocytosis
syndrome had independent prognostic significance. In conclusion, our results sug-
gest that the hypercalcemia—leukocytosis syndrome is an additional clinical entity of
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paraneoplastic syndrome and is an indicator for poorer outcome in lung cancer pa-
tients, although the frequency of the combined syndrome is very rare {0.5% of cases

over a 10 year interval.

© 2003 Elsevier Ireland Ltd. Al rights reserved.

1. Introduction

Paraneoplastic syndromes are systemic and non-
metastatic manifestations that cause increased
morbidity and possibly mortality in patients with
a variety type of cancers [1-5]. Among these
paraneoplastic syndromes, hypercalcemia is rel-
atively common in patients with lung cancer [1].
The frequency of hypercalcemia has been reported
to range between 10 and 25% (2). Leukocyto-
sis is another common paraneoplastic syndrome,
ranging between 16 and 30%, in patients with
lung cancer [3—5]. Of note, recent studies have
reported that hypercalcemia and [eukocytosis si-
multaneously occur in patients with lung cancer
[3-6] and cther carcinomas [7—10]. We have
described that patients with cral cancers octa-
sionally manifest both hypercalcemia and leuko-
cytosis and that there is a statistically significant
correlation between the occurrence of hypercal-
cemia and leukacytosis [11]. From these observa-
tions, we proposed that concomitant occurrence
of hypercalcemia and leukocytosis could be cat-
egorized as the hypercalcemia—leukocytosis syn-
drome [11]. However, it is unknown whether the
hypercalcemia—leukocytosis syndrome is a spe-
cific clinical entity for oral cancers or general
one for other malignancies. More importantly,
it is also unclear whether cancer patients with
both hypercalcemia and leukocytosis exhibit dif-
ferent clinical outcome from patients with hy-
percalcemia or leukocytosis alone. To detérmine
this, we performed an extensive examination of
the clinical records of 1149 lung cancer patients
for the occurrence of hypercalcemia, leukocy-
tosis or both in a retrospective manner. Our re-
sults show that lung cancer patients manifest the
hypercalcemia—leukocytosis syndrome as well and
suggest that the hypercalcermia—leukocytaosis syn-
drome is an indicator for poorer outcome in these
patients.

2. Patients and methods
2.1. Patients
This study included 1149 consecutive patients with

lung cancer who were admitted to the Okayama
University Hospital and National Shikoku Cancer

Center Hospital between 1986 and 1996, These
patients were composed of 871 men and 278
women, with a median age of 66 years (ranges,
20-92). Histologically, there were 442, 324, 55
and 294 patients with adenocarcinoma, squa-
mous cell carcinoma, large cell carcinoma and
small-cell carcinoma, respectively, Patients with
laboratory or clinical evidence for infection were
excluded.

2.2. Diagnostic definition for hypercalcemia
and leukocytosis

Hypercalcemia was defined as a serum calcium
(Ca) concentration greater than 10.2 mg/dl. When
serum albumin concentrations were lower than
4.0g/dl, Ca values were adjusted according to
the formula, adjusted Ca concentration (g/dl)
= measured Ca concentration 4 4.0 — albumin con-
centration. Leukocytosis was defined as a white
blood cell count exceeding 14,000 pl=1.

2.3. Evaluation of bone metastases

All the patients with lung cancer were examined
for bone metastases at the time of their first visit
using 99mTc-MDP. When the presence of bone
metastases was suspected, further examination by
X-ray, computed tomography (CT) and magnetic
resonance imaging (MRI} was conducted to verify
bone metastases.

2.4, Statistical analysis

The Chi-square test was used to evaluate cor-
relations between hypercalcemia alone, leuko-
cytosis alone, and simultaneous occurrence of
them (hypercalcemia—leukocytosis syndrome).
The Chi-square test or trend test was used to
evaluate correlations between hypercalcemia~
leukocytosis syndrome and several categorical
variables. Probabilities of survival were esti-
mated using the Kaplan—Meier method, and dif-
ferences between patient groups were evaluated
by the log-rank test. Prognostic factors were an-
alyzed using the Cox proportional hazard model.
All reported P-values are two-sided. A level
of P<005 was accepted as statistically
significant.
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Table 1 Patient characteristics

Total Hypercalcemia Leukocytosis Hypercalcemia—
leukocytosis syndrome
No. evaluated 1149 65 16 6
Median age 66 67 58 63
Range 92-20 92-45 75-45 4975
Sex
Male 871 59 13 6
Female 278 6 0
Performance status
0 332 4 2 1
1 561 23 2 0
2 122 12 5 1
3 88 17 3 2
4 46 9 4 2
Histology
NSCLC 835 54 15 6
Adenocarcinoma 442 14 8 2
Squamous cell carcinoma 324 33 5 3
Large cell carcinoma 55 5 1 0
Adenosquamous cell carcinoma 14 2 1 1
SCLC 294 10 1 0
Others 20 1 0 0
Stage
| 151 4 1 0
It 77 4 0 0
A 178 8 0 0
B 266 22 2 1
v 477 27 13 5

NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer.

3. Results

3.1. Incidence of hypercalcemia and
leukocytosis

Patient characteristics are presented in Table 1.
Sixty-five (5.7%) patients developed hypercal-
cemia and 16 (1.4%) showed leukocytosis at first
visit. Among these patients, six cases (0.5%)
manifested both hypercalcemia and leukocyto-
sis. Concomitant manifestation of hypercalcemia
and leukocytosis was not due to by chance,
since there was a statistically significant cor-
relation between the occurrence of hypercal-
cemia and leukocytosis by chi-square test
(P < 0.001).

Patients with hypercalcemia—leukocytosis syn-
drome are listed in Table 2, All of these six patients
were male and their median age was 63. Three
of them were with squamous cell carcinoma, two
with adenocarcinoma, and one with adenosqua-
mous cell carcinoma. Five patients were at clin-

ical stage IV in and one at IIIB. Serum Ca levels
in patients with hypercalcemia—leukocytosis syn-
drome ranged between 10.3 and 14.6 mg/d! (mean,
11.8mg/dl). The average white blood cell count
(WBC) in patients with the syndrome was 24,166
mm~3 (range, 14,300-45,500mm™3), The average
WBC in the whole patients involved in this study
was 7446.9mm™? (median, 6800 mm=3).

3.2. Relationship between
hypercalcemia—leukocytosis syndrome and
clinicopathologic factors

The relationship between hypercalcemia—leuko-
cytosis syndrome and clinicopathologic factors is
shown in Table 3. A statistically significant cor-
relation was observed between hypercalcemia—
leukocytosis syndrome and performance status (PS)
(P = 0.002). However, hypercalcemia—leukocytosis
syndrome was not correlated with clinical stage
(P =0.095), gender (P =0.345), histology (P =
0.347), and bone metastasis (P = 0.104).
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Table 3 Relationship between hypercalcemia—leu-
kocytosis syndrome and clinicopathologic factors

Factor  Hypercalcemia— Non- P
leukocytosis hypercalcemia—
syndrome leukocytosis

syndrome

Sex

Male 6 871 0.345

Female 0 278

Performance status

0-2 2 1013 0.002

3—4 4 130

Histology

NSCLC & 835 0.347

SCLC 0 314

Stage

-l 0 406 0.096

n-v 6 737

Bone metastasis

Present 3 232 0.104

Absent 3 911

NSCLC: non-small cell lung cancer; SCLC: small cell
lung cancer. The Chi-square test or trend test was used
to evaluate correlations between hypercalcemia—
leukocytosis syndrome and several categorical vari-
ables. All reported P-values are two-sided. A level of
P < 0.05 was accepted as statistically significant.

3.3. Relationship between survival and
hypercalcemia, leukocytosis or both

Fig. 1 shows survival curves of lung cancer pa-
tients with hypercalcemia, leukocytosis or both,
Survival in patients with hypercalcemia alone
{median survival time: MST 3.8 months, n =59},
leukocytosis alone (MST 1,9 months, n=10),
and hypercalcemia—leukocytosis syndrome (MST
1.5 months, n==6), was significantly shorter
than those in patients without hypercalcemia
and leukocytosis (MST 9.5 months, n= 1074;
P < 0.001). Of note, survival in patients with
hypercalcemia—leukocytosis syndrome was signif-
jcantly shorter than that in patients with hyper-
calcemia alone (P =0.013). On the other hand,
there was no significant difference in survival be-
tween hypercalcemia—leukocytosis syndrome and
leukocytosis alone (P = 0.47),

Multivariate analysis of prognostic factors includ-
ing hypercalcemia—leukocytosis syndrome age, PS,
ctinical stage, gender, serum Ca concentrations,
serum albumin concentrations, serum lactate de-
hydrogenase concentrations and WBC using the

Cox proportional hazards model revealed that
hypercalcemia—leukocytosis syndrome had no in-
dependent prognostic significance,

4, Discussion

Hypercalcemia and leukocytosis are two of the
most commeon paraneoplastic syndromes that occur
in the advanced stages of the illness [3—11]. In the
present study, we retrospectively examined 1149
patients with lung cancer for manifestation of hy-
percalcemia and/or leukocytosis at their first visit.
Our results showed that 65 (5.7%) patients man-
ifested hypercalcemia alone, 16 patients (1.4%)
leukocytosis alone and six patients (0.5%) both hy-
percalcemia and teukocytosis. Statistical analysis
demonstrates that the concomitant occurrence of
hypercalcemia and leukocytosis in these six pa-
tients is more frequent than could have been ex-
pected by chance alone (P < 0.001) and thus sug-
gests that these two paraneoplastic syndromes are
closely correlated with each other. These results
suggest that the hypercalcemia—leukocytosis syn-
drome we previously proposed in oral malignancies
[11] is also an independent clinical entity in lung
cancer.

It has been long recognized that paraneoplastic
syndromes such as hypercalcemia and leukocyto-
sis are indicators of poor prognosis in the various
types of malignancies [2,5]. Consistent with this,
our study confirmed that survival of patients with
either hypercalcemia or leukocytosis alone was
significantly shorter than that of those without
these syndromes. On the other hand, the prog-
nostic value of the hypercalcemia—leukocytosis
syndrome has not been determined to date. Our
data clearly showed that survival of patients with
the hypercalcemia—leukocytosis syndrome was
significantly shorter than that of patients with
hypercalcemia alone. To our knowledge, this is
the first demonstration that suggests that the
hypercalcemia—leukocytosis syndrome is an indica-
tor for poarer outcome than hypercalcemia alone
in lung cancer patients. However, our results did
not prove that the hypercalcemia—leukocytosis
syndrome has independent prognostic significance.

Our results also suggest that hypercalcemia and
leukocytosis can be caused through a common
mechanism. Recent studies have reported that
long-term exposure to granulocyte-colony stim-
ulating factor (G-CSF) results in a stimulation of
osteoclastic bone resorption in patients with con-
genital neutropenia [12,13] and in normal rodents
[14,15]. Purtan et al, described an increase of os-
teoclast progenitors in G-CSF-mobilized peripheral



