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Table 4 Multivariate analysis of prognostic factors; in patients with small cell lung cancer

Prognostic factors P volue Hozord ratio 95% (I

Gender {mole vs. female) 0.94 1.855 0.620-5.555
Age (=62 vs. <62) 0.1104 1.741 0.881-3.438
Pathologic N factor (N1-3 vs. NO) 0.0102 2.409 1.232-4.711
Adjuvant chemotherapy (done vs. not done) 0.0039 0.404 0.218-0.748
Surgical procedure (preumonectomy vs. lobectomy or bifobectomy) 0.0432 2528 1.028-6.215

Cr = confidence interval

vanced stages makes complete local elimination of cancer cells
by surgery unlikely. In addition, survival after bneumonectomy
was significantly worse than after Iobectomy or bilobectomy,
and survival of patients with clinical or pathologic lymph node
involvement was significantly worse than without lymph node

involvement.

The 5-year survival rate after surgery for p-stage I disease ranges
from 22% to 67 %, and that for p-stage Il ranges from 17% to 50%
[15-17). Reported suyvival in p-stage IIIA or higher varies
greatly, from 0% to 55.5% [15,18 - 20}. The randomized study by
the Lung Cancer Study Group [5] showed that s:urgery does not
prolong survival in c-stage IIJA SCLC even in patients who under-
go induction therapy. Although 19% of resected tumors showed
complete pathologic response, this good response to chemother-
apy did not improve the survival. However, in our study, patho-
logic downstaging did predict improved survival. Thus, we be-
lieve pathologic downstaging may be a se]ectlon criterion for
identifying surgical candidates. Evaluation of the residual tumor
cells by positron emission tomography (PET) or by lymph node
sampling by mediastinoscopy after induction chemotherapy are

alternate strategies.

In conclusion, a 32% overall 5-year survival was: obtained in se-
lected patients with SCLC who underwent surgery. Survival after
surgery clearly depended on disease stage. Nedal status and
pathologic downstaging after induction therapy predict survival.
A randomized study is needed to identify surgical candidates.
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Summary Small lung cancers frequently have been detected in mass screening
by computed tomography (CT) in recent years. Suitability of limited resection for
these small lung cancers remains controversial. One hundred patients who underwent
sublobular limited resection {wedge resection or segmentectomy} for tung cancer in
our hospital from 1981 to 2002 were analyzed retrospectively. From CT findings, tu-
mors were classified into two groups; pure ground-glass opacity (PGGO} and non-PGGO.
Patients included 44 women and 56 men, and ages ranged from 40 to 92 years (mean,
71.0). Histologic types included 76 adenocarcinomas, 21 squamous cell carcinomas,
and 3 large cell carcinomas. Clinical stages included 83 stage 1A and 17 stage IB.
By high-resolution CT, 27 tumors (27%) showed PGGQ; at postoperative histopatho-
logic examination, all of these were localized bronchiolealveolar carcinomas. Diam-
eter of turnors showing PGGO was 9.3+ 3.5mm (mean 4 5.D.}); that of non-PGGO
tumors was 21.2 & 13.7 mm. Overall and tung cancer-specific 5-year survival rates in
all patients were 58.0 and 64.8%, respectively. Overall 5-year survival rate with small
adenaocarcinomas (<20mm) was 93.7%, significantly better than 24.8% with larger
adenocarcinomas (P < 0.0001). No intrathoracic recurrence or distant metastasis has
been observed in PGGO tumors. For peripheral localized bronchioloalveotar carci-
noma showing PGGO, wedge resection appears to be the best operation. Definitive
study of more patients with longer follow-up is needed.

© 2003 Elsevier Ireland Ltd. AUl rights reserved.

tematic lymphadenectomy. However, suitability of
limited resection has been examined by several in-

The present standard operation for primary lung  vestigators. Qutcome of segmentectomy first was
cancer is considered to be lobectomy with sys-  reported in a large number of patients by Jensik
et al. [1] in the 1970s. They performed segmentec-
“Corresponding author. Fomy for1 §8 stage | peripheral lung cancers, obtain-

ing a survival rate of 53% at 5 years after surgery;

Tel.: +81-3-3342-6111x5071x5838x5845; fax: +81-3-3342-6154. ; ' '
E-mail address: hanakamu®@tokyo-med.ac.jp {H. Nakamura). this survival rate was comparable to that with
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lobectomy. However, alater study [2] from the same
institution demonstrated a higher recurrence rate
with segmentectomy than with lobectomy in stage
| lung cancer. In that study, the rate of locoregional
recurrence was 22.7% (15/66) after segmentectomy
versus 4.9% (5/103) after lobectomy. A random-
ized controlled trial comparing limited resection
(segment or wedge) with lobectomy for TINO
non-small celt lung cancer {NSCLC) was carried out
by the Lung Cancer Study Group [3] beginning in
the 1980s.That study clearly found outcome with
limited resection to be inferior to that with lobec-
tomy, in terms of both survival and locoregional
recurrence. Since then, limited resection for stage
IA lung cancer generally has been avoided, ex-
cept for patients with impaired cardiopulmonary
function.

On the other hand, small cancers with diam-
eters less than 1cm frequently have been found
in the periphery of the lung since introduction
of mass screening by computed tomography (CT)
in recent years [4-6]. Most such. small cancers
are not detectable in chest radlopraphs by CT,
they show ground-glass opacity (GGO) [7]. Most
of them are diagnosed pathologically as localized
bronchioloalveolar carcinoma or :lS atypical ade-
nomatous hyperplasia (AAH} [8,9], a precancerous
lesion. Further, development of video-assisted tho-
racoscopic surgery (VATS) can perm:t relatively
noninvasive wedge resection of small lung nod-
ules in a short cperating time, which is partic-
ularly important for poor-risk patients [10~12].
However, indications for sublobular|resection and
curability of these small lung cancers by such
procedures still are controversial. Avoidance of
excessive surgery for small lung cancers detected
by increasingly wide spread mass CT screening will
become an important issue. We therefore sought
to identify the clinicopathologic charactenshcs
of lung cancers suitable for wedge resection by
retrospectively analyzing outcomes of patients
with primary NSCLC removed by sublobular re-
section without systematic dissection of lymph
nodes.

2. Patients and methods

2.1. Patients

We analyzed consecutive 100 patients with primary
NSCLC initially treated at our hospital from Jan-
uary 1981 to December 2002 by wedze resection or
segmentectomy without systematic dissection of
lymph nodes. Patients who underwrapt lobectomy
for primary lung cancer pnor sublobular resec-
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tion or who underwent sublobular resection as a
palliative operation for advanced disease were ex-
cluded from the present analyses. As 2051 patients
with NSCLC underwent surgery during this period,
those undergoing sublobular resection represented
100/2051 of cases {4.8%). Patients included 44
women and 56 men, and their ages ranged from
40 to 92 years (mean, 71.0). The final histologic
diagnosis was determined from the resection spec-
imen. Histotogic types included 76 adenocarcino-
mas, 21 squamous cell carcinomas, and 3 large cell
carcinomas. All patients were staged according
to UICC (Union Internationale Centre le Cancer)
criteria [13]. Cases included 83 representing clin-
ical stage |A and 17, stage IB. By high-resolution
CT, 27 tumors (27%) showed pure GGO (PGGO).
PGGO was defined as lesions with no solid com-
ponent in the tumor detected by high-resolution
CT [14,15]; this type of lesion has been referred
to as ''G type’’ in another report [16]. The mean
follow-up period of all patients after surgery was
32.2 months.

2.2. Operation

Wedge resection or segmentectomy was performed
as a sublobular limited resection. Systematic dis-
section of lymph nodes was not performed in
any case. Wedge resection was performed for
97 patients and segmentectomy was performed
for three patients, considering both size and
anatomic location of the tumor. Informed con-
sent regarding possible elevated risk of locore-
gional recurrence and inferior survival rate after
limited resection was obtained from all patients
whose cardiopulmonary function was adequate to
permit lobectomy. VATS was performed in 62 pa-
tients, and open thoracotomy was performed in
38 patients. For patients with severe pleural ad-
hesions or large tumors, open thoracotomy was
performed. Mortality in the postoperative period
was 2%.

2.3, Statistical tests

Significance of differences between groups was
evaluated using the nonparametric Mann—Whitney
U-test or the y?-test as appropriate. The survival
rate was calculated by the Kaplan—Meier method.
Survival differences were compared using the
logrank test as a univariate analysis. A multivari-
ate analysis also was carried out according to the
Cox proporticnal hazards model in order to detect
independent risk factors. P < 0.05 was considered
significant.
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3. Results

Clinicopathologic features of the patients are
shown in Table 1. Twenty-seven tumors (27%)
showed PGGO by high-resolution CT (Fig. 1). These
all were diagnosed histologically as localized bron-
chioloalveolar carcinoma in resection specimens,
and none of these showed microscopic blood ves-
sel or lymph vessel invasion (Fig. 2). Seventy-three
tumors (73%) that included solid components of
varying extent by CT were defined as non-PGGO
tumors (Fig. 3). Patients with PGGO tumars were
significantly younger than those with non-PGGO
tumors. Although no statistical significance was
obtained, PGGO tumors were somewhat more
commeon in women than in men. Non-PGGO tu-
mors showed various histologic types and differ-
ent differentiation grades. In contrast, all PGGO
tumors were bronchioloalveolar carcinomas. Diam-
eter of tumors showing PGGO was 9.3 +£3.5mm
(mean +5.D.), while that of non-PGGO tumors
was 21.24+13.7mm, a significant difference
{P < 0.0001).

The distribution of the longest dimension of re-
sected tumors is plotted in Fig. 4. Seventy-three tu-
mors (73%) were 20 mm or less, while 36 {36%) were
10mm or less.

Reasons to perform sublobular resection in-
stead of standard lobectomy were small tumor

size in 36 patients, poor pulmonary function in
35, advanced age in 18, heart disease in 8, and
simultaneous multipte lung cancers in three. The
surgical margin was positive for tumor upon post-
operative histologic examination in nine cases.

Overall and lung cancer-specific 5-year sur-
vival rates in all patients were 58.0 and 64.8%,
respectively.

Survival rates in groups classified according to
various possible prognostic factors are shown in
Table 2. No survival differences were noted in
relation to gender or age. Overall survival with
squamous cell carcinoma was significantly worse
than with adenocarcinoma (P = 0.0382). Signifi-
cant overall survival differences were obtained for
size of tumor (<10mm versus >10mm, <20mm
versus >20mm, and <30mm versus >30mm;
P =0.0384, P=0.0002 and P = 0.0047, respec-
tively) and degree of differentiation (well differ-
entiated [WD] versus moderately differentiated
[MD] and poorly differentiated [PD]; P = 0.0007).
Survival rates in adenccarcinoma are shown in
Table 3. Overall 5-year survival rate with small
adenocarcinomas (<20mm) was 93.7%, which
was significantly better than 24.8% with larger
adenocarcinomas (P < 0.0001, Fig. 5). The over-
all 5-year survival rate with WD adenocarcinoma
{81.2%) also was significantly better than in a
group combining MD + PD adenacarcinomas (30.7%,
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Fig. 1 |

Representative findings of high-resolution computed tomography (CT) showing a tumor with pure ground-glass

opacity (PGGO}. The pathologic diagnosis of this tumor was bronchioloalveolar carcinoma.

P =0.0003; Fig. 6). When all patients were an-
alyzed together by multivariate analysis includ-
ing tumor size (<20mm versus' >20mm) and
degree of differentiation (WD versus MD 4+ PD),
both factors were independent significant predic-
tors for survival (P = 0.0338 and 0.0364, respec-

tively). |

The observation period after surgery for patients
with PGGO ranged from 1 to 64 months (mean,
25.4 ). Neither locoregional recurrences nor lung
cancer-specific deaths have been observed in this
group so far, though one patient died from other
disease, specifically rupture of an aortic aneurysm

(Fig. 7).

Fig. 2 As in the lesion shown here, the pathologic diagnosis in resection specimens of all pure ground-glass opacity
{PGGO) tumors in this study was bronchioloalveolar carcinoma without microscopic blood vessel or lymph vessel

invasion (hematoxylin and eosin; 200x).

| 160
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Fig. 3 Representative findings of high-resolution computed tomography (CT) showing a non-pure ground-glass opacity
{non-PGGQ) tumors. A solid component can be seen at the center of the tumor.

4, Discussion

Screening for lung cancer using chest CT is be-
coming more prevalent, and small peripheral lung
cancers are being detected more frequently. Most
of these lung cancers detected by chest CT but
not by radiography are approximately 10mm or
less in diameter; histologically, they are well dif-
ferentiated, bronchicloalveolar-type adenocarci-
nomas. The -typical appearance of these lesions
by high-resolution CT is so-called GGO, which re-
sembles focal fibrosis or inflammatory change. In
contrast, small lung cancers detected in chest ra-
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Fig. 4 Distribution of the longest dimension of the re-
sected tumeor.

diographs include squamous cell carcinomas and
poorly differentiated adenocarcinomas, which form
solid nodules.

Because of a high incidence of intrathoracic re-
currences after wedge resection [2,17], this surgi-
cal method has been used mainly for patients who
could not tolerate lobectomy. However, we need
to re-evaluate the role of wedge resection in the
present era when many tiny peripheral lung cancers
are detected and relatively noninvasive YATS tech-
niques are commonly available [10,12]. In doing

1 -
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4 1 P<0.0001
2 54 i
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) | Adenocarcinoma
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Fig. 5 An overall survival difference (P < 0.0001)
was found between smaller adenocarcinomas (<20 mm;
n=60; open circles) and larger adenocarcinomas
{>20mm; n= 16; filled circles).
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¥ poorly differentiated. '

so, the group of patients for whom !wedge resec-
tion is sufficient for cure must be identified. Miller
et al. [18] compared outcomes of 25 sublobular

resections (13 wedge resections and 12 segmen-
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21 0 WDn=50
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Overall survival
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Fig. 6 An overall survival difference (P = 0.0003) was
found between well-differentiated (WD}, adenocarcino-
mas (n = 50; open circles) and a group including moder-
ately—plus poorly—differentiated (MD + PD) adenocarci-
nomas (n = 26; filled circles).

tectomies) with those of 71 lobectomies for lung
cancer less than 1cm, and found that patients who
underwent lobectomy had significantly better sur-
vival and fewer recurrences than patients who had
wedge resection or segmentectomy. Landreneau
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Fig. 7 An overall survival difference (P = 0.0474) was
found between pure ground-glass opacity (PGGQ) tumors
(n=127; open circles) and non-PGGQ tumors (n = 73;
filled circles).
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et al. [19] analyzed pathologic stage 1A NSCLC for
which the patient underwent open wedge resection
(n = 42), video-assisted wedge resection (n = 60),
or lobectomy (n=117). At 5 years survival was
58% for patients with open wedge resection, 65%
for thase with video-assisted wedge resection, and
70% for .those with lobectomy. They concluded
that this difference resulted from a significantly
greater rate of deaths unrelated to cancer in the 5
years following wedge resection. These two studies
failed to find clinicopatholegic characteristics that
might define tumors suitable for limited resection.
In our present study, 93.7% 5-year survival was ob-
tained following wedge resection in patients with
WD adenccarcinomas less than 20 mm. Histopatho-
logic differentiation also is a significant prognos-
tic factor. Kodama et al. [20] performed limited
resection for selected TINOQ patients despite suffi-
cient pulmonary function to tolerate more exten-
sive surgery, and reported a 5-year survival rate
of 93%.

Small tumor size alone probably is inadequate as
an indication for limited surgery. Ohta et al. [21]
found nodal micrometastasis in 21.7% (23/106) of
patients with adenocarcinomas with diameters of
2cm or less. However, when Noguchi et al. [22]

analyzed cases by histopathologic type, localized
bronchioloalveolar carcinoma showed no lymph

node metastasis. In our 27 bronchioloalveolar
carcinomas showing PGGO, we have not yet en-
countered a locoregional recurrence or a distant
metastasis after wedge resection. These PGGO tu-
mors included 18 type A, 6 type B and 3 type C in
Noguchi’s classification [22]. Watanabe et al. [15]
also reported absence of cancer death or relapse
during median follow-up time of 32 months after
wedge resection of 17 bronchioloalveolar carcino-
mas showing PGGO. In addition, Nakata et al. [8]
found that none of 34 adenocarcinomas showing
focal GGO and measuring 2 cm or less in diameter
had lymph node involvement. Thus, we believe
that this group of adenocarcinomas is slow-growing
and relatively noninvasive, For instance, Hasegawa
et al. [16]) reported a mean volume doubling time in
PGGO tumors of 813 days, which was significantly
longer than in partly GGO tumors with a solid cen-
tral component (457 days) or in entirely solid nod-
ules {149 days). The higher growth rate presumably
reflects an increase in malighant biologic charac-
teristics during development of adenocarcinoma.
Accordingly, we believe that wholly PGGQ tumors
are good candidates for VATS wedge resection
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without lymphadenectomy. To obtain definitive ev-
idence, a multi-institutional trial now is underway
with the sponsorship of the Japan Clinical Oncology
Group (JCOG 0201). In that study, nodal status in
clinical stage |IA adenocarcinoma mcludmg PGGO is
being examined by standard lobectomy and system-
atic lymphadenectomy. If absence of lymph node
metastasis is proven in PGGO tumors in this trial,
wedge resection for these lesions shoutd become
accepted as standard surgery. !

Inconclusion, relatively good outcome was
obtained by wedge resection for small {<20mmj},
peripheral WD adenocarcinomas. VATS wedge re-
section for these tumors is an important option for
patients with impaired cardiopulmonary function.
However, since locoregional recurrence developed
in 4/60 (6.7%) of these patients in our study, we
still consider lobectory to be the "gold standard’’.
For peripheral localized bronchioloalveolar carci-
noma showing PGGO, however, wpdge resection
appears to be the best option. Stud,/ over a longer
follow-up period is needed, and larger numbers of
cases should be examined with respect to histologic
nodal status.
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Background: Neutropenic fever is one of the most serious adverse effects of cancer chemo-
therapy. Neutropenia may cause a life-threatening bacterial infection. Therefore, febrile neutro-
penic inpatients are empirically treated with intravenous broad-spectrum antibiotics. Recently,
several studies have suggested the presence of low-risk groups among febrile neutropenic
patients,

Methods: A prospéctive randomized trial was conducted to compare treatment with oral cipro-
floxacin (200 mg) and amoxicillin-clavulanate (375 mg) administered every 8 h against that with
intravenous ceftazidime (1 g) administered every 12 h in low-risk tebrile neutropenic patients
with lung cancer. All patients received chemotherapy and antibiotic therapy while being hospi-
talized.

Results: A total 01‘| 177 patients with lung cancer agreed to participate in this study prior to
undergoing chemotherapy. Among them, a total of 36 neutropenic patients with 42 febrile epi-
sodes were enrolled in the study. Treatment was successful without the need for modification
in 91% of the episodes in patients receiving the oral regimen and 79% of the episodes in
patients receiving the intravenous regimen. No treatment-related deaths occurred. One patient
developed nausea while receiving the oral regimen, so the oral regimen was changed to the
intravenous regimen in this patient.

Conclusions: This prospective study suggested that treatment with oral antibiotics ciplo-
floxacin plus amoxiciliin-clavulanate was effective for low-risk febrile neutropenic patients after

chemotherapy. |

\
Key words: oral antibiotics ~ low-risk ~ febrile neutropenia

\
INTRODUCTION |

Neutropenic fever is one of the most serious adyersc effects in
cancer chemotherapy. Neutropenia may cause a life-threaten-
ing bacterial infection. The risk of infection increases in
patients with a neutrophil count of <1000/mm? (1). As a result,
most cancer patients remain in hospital after undérgoing chermno-
therapy in Japan, and empirical broad-spectrum intravenous
antibiotics are administered to febrile neutropenic patients.
This approach is effective in reducing morbidity and mortality
bt is associated with toxicity related to intravenous anti-
biotics, as well as physical and psychological discomfort for
the patient. In addition, parenteral antibiotic administration
requires insertion of an intravenous catheter, which carries a
risk of infection. Prolonged hospitalization may'f cause infec-

For reprints and all correspondence: Seiji Niho, Division of Thoracic
Oncology. National Cancer Center Hospital East, Kashiwancha 6-5-1,
Kashiwa. Chiba 277-8577, Japan. E-mail: siniho@easl.ncc.g?.jp

tion to drug-resistant organisms, is expensive, and has a detri-
mental effect on quality of life.

Recently, severat studies have suggested the presence of low-
risk groups among febrile neutropenic patients (2—4). Medical
complications were less frequent overall for patients whose
neutropenia (<500/mm?) resolved in 7 days or less, compared
to other patients {4). A study demonstrated that neutropenia
lasted for 1 week or less in 85% of the patients selected using
the following exclusion criteria: hepatic insufficiency (alanine
aminotransferase activity > four times normal), a history of
recurrent pyrexia of undetermined origin (PUQ), shock (systo-
lic blood pressure <80 mmHg or peripheral circulatory failure),
any other comorbid conditions requiring hospitalization
{except for anemia or thrombocytopenia) and the expectation
of prolonged neutropenia (>7 days) based on the presence of
aplastic anemia, myelodysplasia, leukemia or other causes (5).
Patients who did not meet any of these exclusion criteria were
considered to belong to a low-risk group. A randomized trial
comparing oral ciplofloxacin and amoxicillin-clavulanate with

© 2004 Foundation for Promoticn of Cancer Research
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Patients who agreed to participate in this trial (=177}

A

Registered neutropenic patients (n=36) with febrile events (n=42)

b

Not randomized episode (n=1)

Reason: hyponatremia

h J

Randomization

Received the intravenous regimen

(ceftazidime, n=19)

Figure 1. Study flow diagram.

intravenous aztreonam and clindamycin was conducted in
these low-risk febrile neutropenic patients (6). This trial
demonstrated that oral antibiotics were as effective as intra-
venous ones.

We conducted a randomized trial to compare oral ciplo-
floxacin and amoxicillin-clavulanate with intravenous cef-
tazidime, which was empirically used, in low-risk febrile
neutropenic patients with lung cancer. The combination of
ciplofloxacin and amoxicillin-clavulanate provides sufficient
coverage against gram-negative enteric bacilt and gram-
positive cocci. The aim of our trial was to determine whether
an oral regimen was an acceptable alternative to an intravenous
regimen in low-risk patients.

PATIENTS AND METHODS

CRITERIA FOR ELIGIBILITY

Eligible patients included those with lung cancer and neutro-
penia after having undergone platinum-based chemotherapy.
Patients were required to have a single axillary temperature
of 37.5°C or higher after platinum-based chemotherapy, an
absolute leukocyle count $1000/mm? or a neutrophil count
<500/mm?”. Other criteria included an age of 20 years or more
and an ECOG performance status (PS) of between 0 and 2
(inclusive). The exclusion criteria included the following con-
ditions: previous anaphylactic reactions or hypersensitivity to
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Received the oral regimen

{ciprofloxacin and

amoxicillin-clavulanate, n=22)

any of the antibiotics used or related products; antibiotic treat-
ment within the preceding 96 h; prior administration of non-
steroidal anti-inflammatory drugs (NSAIDs); recurrent PUQ;
renal insufficiency (serum creatinine 2.5 mg/dl or need for
dialysis); hepatic insufficiency (aspartate aminotransferase/
alanine aminotransferase tevels > four times the normal value);
systolic blood pressure <90 mmHg or peripheral circulatory
failure; uncontrolled hypercalcemia; altered sensorium; respira-
tory rate 230 breaths/min; serum sodium <128 mg/dl; and the
inability to take oral medications because of painful mouth
ulcers, intestinal malabsorption or severe nausea and vomiting.
All patients were required to provide their written informed
consent prior to undergoing chemotherapy, and the institutional
review board at the National Cancer Center approved the
study’s protocol,

TREATMENT PLAN

All patients received chemotherapy and antibiotic therapy on
an inpatient basis. The baseline evaluation included a physical
examination (blood pressure, pulse and respiratory rate, tem-
perature). Cultures were obtained of blood, sputum, throat,
urine and feces (anal swabs). Patients were randomly assigned
to one of two regimens using consecutive sealed envelopes.
The oral regimen consisted of ciprofloxacin (200 mg) plus
amoxicillin-clavulanate (375 mg) administered  every 8 h,
while the intravenous regimen consisted of ceftazidime (1 g)
administered every 12 h. Granulocyte colony-stimulating



Table 1. Patient characteristics
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Characteristic

Oral ciprofloxacin and
amoxicillin-clavulanate

Intravenous ceftazidime

Eligible episodes
Age (year)
Median (range)
Gender
Male/female
ECOG PS
on

71

Smoking status

Never

Past
Current
Smoking index
Median (range)
Histologic type
Adenocarcinoma
Squamous cell carcinoma

Large cell carcinoma

Small cell carcinoma
Absolute neutrophil count {(at randomization)
£100/mm?
101=500/mm?
501-1000/mm?
Duration of neutropenia after randomization (days)
Median (range)
Treatment with G-CSF Ino. {%)]

22 19
68 (54-76) 67 (51-15)
1577 15/4
6/16 2117
4
5
10
910 (0-3489) 880 (0-2400)
7
4
2
6
0
12
7
4(2-7) 4 (2-12)
19 (86) 14 (74)

factor (G-CSF) support was allowed. The administration of
NSAIDs was not allowed. The administration of aluminum-
and magnesium-containing antacids and oral iron preparations
was allowed if they were administered more than 3 h after the
administration of ciplofloxacin. The use of o her antibiotics
was prohibited during the trial. :

D1AGNOSTIC CRITERIA AND EVALUATION

Each febrile episode was classified as either a clinically or
microbiologically documented infection or PUO. Microbio-
logically documented infection necessitated the isolation of a
bacterial pathogen from blood, urine, pus or exudates, along
with clinical, laboratory or radiographic evidence of infection
at the same site. Clinical infection was diagnosed when clear
evidence of an infection was present but an orgz nism couid not
be isolated. PUO was defined as the requisite tc*mperature ele-
vation with no clinical or microbiologic evidence of infection
within 72 h of enrolment in the study.

Clinical outcomes were evaluated at 48 h and 7 days after
the start of antibiotic treatment. Each patient was physically
examined every day. Patients who remained febrile (without

a downward trend) after 48 h or who had a body temperature
>37°C on day 7 were removed from the study and treated with
appropriate therapy; antibiotic treatment in these patients
was considered to have failed. Treatment outcome was classi-
fied into three categories (7). ‘Success without modification’

referred to episodes in which the patient successfully recovered
from fever and neutropenia without the need of additional
antimicrobial agents or the modification of the initial ran-
domly assigned regimen. ‘Success with modificition’ referred
to episodes in which the patient successfully recovered from
the fever and neutropenia but required a modification of the
assigned regimen. ‘Failure’ referred to all other cases. The
response rate was defined as the percentage of ‘success without
modification’ cases among all eligible patients.

STATISTICAL ANALYSIS

Assuming a response rate to the intravenous regimen of 80%,
the study was designed to enroll 63 patients per treatment arm
to ensure that the oral regimen would not be 20% worse (i..
60%) at a level of significance alpha = 0.05 and 80% power
using a two-sided chi-square test. An interim analysis was
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Table 2. Response rate

Oral regimen (n=22)

Intravenous regimen (z = 19}

PUO Documented infection PUO Documented infection
Success without modification 16 4 10 5
Success with modification 0 2 0 4
Response rate 9% 79% P =039

Response rate was defined as the percentage of success without modification cases among all eligible patients.

planned at an accrual level of 40 patients. If a significant differ-
ence in response rates (P < 0.01) was observed, or if septic
shock appeared in more than 10% of the patients undergoing
the oral regimen, the study was to be terminated. Comparisons
between proportions were done using a Pearson chi-square test
or a Fisher exact test, when appropriate.

RESULTS

PATIENT POPULATION AND TREATMENT

A total of 177 patients with lung cancer agreed to participate in
this study prior to undergeoing chemotherapy between May
1995 and February 2001. Among them, a total of 36 neutro-
penic patients with 42 febrile episodes were enrolled in the
study. One episode was ineligible because of hyponatremia. Of
the 41 episodes (in 35 patients) included in the analysis, four
patients were enrolled more than once: three patients had two
episodes each, and one patient had four episodes. The patient
characteristics are listed in Table 1. Twenty-two episodes were
assigned to the oral regimen and 19 episades were assigned to
the intravenous regimen (Fig. 1). No statistically significant
difference was seen between the two groups with regard to age,
gender, PS, smoking status, histologic subtype and absolute
neutrophil count. During 33 episodes, G-CSF was adminis-
tered in addition to the assigned treatment, The median dura-
tion of neutropenia was 4 days in both groups.

EVALUATION BEFORE ANTIBIOTIC THERAPY

PUO was cbserved in approximately two-thirds of all febrile
episodes. Infection was documented in 15 episodes. Most
documented infections consisted of bronchus or lung infec-
ttons (10 episodes) or urinary tract infections (three episodes).
Other infections included colitis and alveolar pyorrhea. Micro-
biological pathogens were detected in five episodes. Strepro-
coccus pneumoniae, Staphylococcus aureus and Haemophilus
influenzae were isolated from sputum and Pseudominas aeru-
ginosa and Enterococcus faecalis were isolated from urine.

ErFicacy

The response rates were similar in the two groups (91% versus
79%, P = 0.39) (Table 2). PUO was successfully treated in all
26 episodes. On the other hand, documented infection was
successfully treated in 60% of the patients (four out of six epi-
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sodes in patients receiving the oral regimen and five out of nine
episodes in patients receiving the intravenous regimen). A total
of six patients received changes to their treatment regimen.
Two patients in the oral regimen group were switched to piper-
acillin sodium or ceftazidime. Four patients in the intravenous
regimen group were switched to carbapenem with or without
the addition of clindamycin or amikacin.

In approximately half of the episodes in both groups, the
fever disappeared by day 4 of the treatment, By day 8, the fever
had resolved in 90% of all episodes.

ADVERSE EFFECTS

Few adverse effects were encountered. One patient developed
nausea while receiving the oral regimen. The oral regimen was
therefore changed to an intravenous regimen (piperacillin
sodium) in this patient.

DISCUSSION

Febrile neutropenia can be a life-threatening complication of
cancer chemotherapy. Therefore, febrile neutropenic patients
are usually hospitalized for the administration of empiric,
broad-spectrum, intravenous antibiotic therapy. Several analy-
ses have demonstrated that febrile neutropenic patients com-
prise heterogeneous subgroups among which are low-risk
patients with a high response rate to antibiotic therapy and a
low risk of serious complications (2—4). We conducted a ran-
domized trial to compare the oral administration of ciplo-
floxacin and amoxicillin-clavulanate with the intravenous
administration of ceftazidime in low-risk febrile neutropenic
patients with lung cancer. However, this study was terminated
in February 2001 because of slow enrolment and the publica-
tion of two large randomized trials comparing oral with intra-
venous antibiotic therapy for low-risk febrile patients who
developed neutropenia during cancer chemotherapy (8,9). In
one trial, oral ciplofloxacir plus amoxicillin-clavulanate was
compared with intravenous ceftazidime (8). These regimens
were almost identical to those in our trial. In the other trial, oral
ciplofloxacin plus amoxicillin-clavulanate was compared with
intravenous cefiriaxone plus amikacin (9). Both trials demon-
strated that oral therapy with ciplofloxacin plus amoxicillin-
clavulanate was as safe and effective as intravenous therapy.
Our trial confirmed these results, in spite of the smaller sample
size.
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The selection of low-risk patients with febrile neutropenia is
very important. A multinational trial demonstrated that predic-
tive factors for low risk complications included a burden of ill-
ness indicating the absence of symptoms or the presence of
mild symptoms [weight, 5; odds ratio (OR), 8.21] or moderate
symptoms (weight 3; OR, 3.70); the absence of hypotension
{weight, 5; OR, 7.62); the absence of chromic obstructive pul-
monary disease (COPD) (weight, 4; OR, 5.35);‘ the presence of
a solid tumor or the absence of previous fungal infection in
patients with hematologic malignancies (weight, 4; OR, 5.07);
an outpatient status {(weight, 3; OR, 3.51), the absence of dehy-
dration (weight, 3; OR, 3.81); and an age <60 y‘ears (weight, 2;
OR, 2.45). A risk-index score 221 was considzred to indicate a
low-risk (10). In our trial, al! of the enrolled pa!tients had solid
tmors (lung cancer) without hypotension or dehydration and
no or mild symptoms. All but one patient had no COPD, pro-
ducing a risk score of 21 or greater.

PUO was observed in 63% of the low-risk|febrile neutro-
penic patients. The PUO percentage was identical to that
reported in previous trials. All patients with PUQ were suc-
cessfully treated with oral or intravenous antibiotic therapy in
our trial, Oral ciplofloxacin plus amoxicillin-rcllavulanate was
effective for the treatment of PUQ. Documented infections
were successfully treated with an oral regimen in four out of
six episodes and with an intravenous regimen‘ in five out of
ninc episodes. Six patients needed to modifyi their regimen
to an intravenous regimen containing cephalosporin or car-
bapenem. Oral ciplofloxacin plus amoxicillin-clavulanate was
also effective in selected low-risk patients with documented
infections. ;

Oral antibiotics produced a successful outcome in 91% of
the patients, although 86% of the patients also received G-CSF
support. Whether G-CSF support is needed in low-risk patients
remains uncertain. The clinical practice guidelines of the
American Society of Clinical Oncology recommend that G-
CSF should not be routinely used as adjunct therapy for the
treatment of uncomplicated fever and neutropenia (11).
Uncomplicated fever and neutropenia are defined as follows:
fever of <10 days in duration; no evidence of pneumonia, cel-
lulites, abseess, sinusitis or hypotension; and no uncontrolled
malignancies. Oral antibiotics with ciplofloxacin plus amoxi-
cillin-clavulanate are probably effective even if G-CSF support
is not performed and can be easily administered to febrile
neutropenic outpatients. In a randomized trial, oral antibiotics
{ciplofloxacin plus amoxicillin-clavulanate) with early hospi-
tal discharge was compared with inpatient intravenous anti-
biotics (gentamicin plus tazocin) for the treatment of low-risk
febrile neutropenic patients with cancer (12). This study sug-
gested that oral antibiotics with early discharge was feasible
and an alternative to conventional intravenous amibiotic regi-
mens.

|

1
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In conclusion, our trial suggested that oral antibiotic therapy
with ciplofloxacin plus amoxicillin-clavulanate is effective for
the treatment of low-risk febrile neutropenic patients, although
the trial was prematurely terminated because of slow enrol-
ment.
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Abstract The rationale for combining chemotherapy (CT)
and radiotherapy (RT) is based mainly on two ideas, one
being spatial cooperation and the other the enhancement of
radiation effects. Spatial cooperation is effective if CT is
sufficiently active to eradicate subclinical metastases and if
the primary local tumor is effectively treated by RT. In this
regard, no interaction between RT and CT is required, but
differing toxicities are needed so that both modalities can
be used at effective dosages. To enhance RT by CT, five
major mechanisms of CT-RT interactions are required. CT
can enhance RT effects by: (1) direct enhancement of the
initial radiation damage by incorporating drugs into DNA,
(2) inhibiting cellular repair, (3) accumulating cells in a
radiosensitive phase or eliminating radioresistant phase
cells, (4) eliminating hypoxic cells, or (5) inhibiting the
accelerated repopulation of tumor cells. However, virtually
all chemotherapeutic agents enhance radiation damage to
normal tissues as well. Consequently, therapeutic benefits
are only achieved if the enhanced tumor response is greater
than that for normal tisstes. Due to the complex interaction
between CT and RT, the sequence of CT and RT is impor-
tant. Clinical results of induction CT followed by RT are
disappointing, and improvements in local control rates of
RT by induction CT have not been observed. On the other
hand, clinical trials, including metaanalyses, have clearly
shown that CT given concurrently with RT results in im-
proved local control and survival. Although acute toxicities
are inevitably increased in concurrent chemoradiotherapy
(CRT}), no significant increases in late toxicities were
reported in most clinical trials. Thus, a therapeutic benefit
was observed with the use of concurrent CRT.

Y. Nishimura (Z2)

Department of Radiology, Kinki University School of Medicine,
Ohno-Higashi, Osaka-Sayama, Osaka 589-8511, Japan

Tel. +81-72-366-0221; Fax +81-72-368-2388

¢-mail: ynishi@med kindai.acjp

371

Key words Radiation therapy Chemotherapy
Chemoradiotherapy - Therapeutic gain - Rationale

Introduction

Chemoradiotherapy (CRT) represents definite progress in
clinical oncology. Recently, the concurrent use of chemo-
therapy (CT) and radiation therapy (RT)} has become a
standard treatment for many types of cancer. In this short
review, the rationale for combining CT and RT to improve
the therapeutic ratio is discussed. During the development
of CRT, in vitro and in vivo laboratory models have been
helpful both in identifying drugs that are true enhancers of
RT and in elucidating the mechanism of interaction.'” Al-
though laboratory data are useful for predicting the nature
of the interaction, clinical trials are required to determine
efficacious combinations that yield higher local control with
an improvement in the therapeutic ratio. To obtain a thera-
peulic benefit, greater cytotoxicity in tumor cells than in
normal cells is more important than synergic interactions
between CT and RT. The rationale for CRT and the essen-
tial steps of basic and clinical investigations of CRT are
summarized.

Therapeutic ratio

In general, tumor response and normal tissue damage are
positively correlated with the dose of radiation, and this
relationship is commonly described by a sigmoid curve
(Fig. 1). The therapeutic ratio is defined as the ratio of the
dose that produces a given probability (50% is most com-
monly used in experimental studies) of normal tissue dam-
age and the dose that produces the same probability of
tumeor control. When CT is combined with RT, the tumor
control curve shifts to the left, along with the response curve
for normal tissue damage. The goal of combining CT and
RT is to obtain a positive therapeutic ratio, and thus to
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Fig. 1. Drose-response curves for tumor control and normal tissue dam-
age. When chemotherapy (CT) is combined with radiotherapy (RT),
the tumor control curve shifts to the left (long arrow), and the response
curve for normal tissue damage also shifts in the same direction, as
indicated by the short arrow |

enhance the antitumor effect while mlmmlzmg toxicity to
critical normal tissues.

Rationale for combining CT and RT |

The rauonale for combining CT and RT is mamly based on
two ideas,” one being spatial cooperatlon and the other
the enhancement of radiation effects. Spatial cooperation is
effective if CT is sufficiently active to eradicate subclinical
metastases and if the primary local tumor is effectively
treated by RT. In this regard, no 1nteracuon between RT
and CT is required, but differing toxicities are needed so
that both modalities can be used at effective dosages. A
major limitation is the relatively poor efficacy of anticancer
drugs against common solid tumors in adalts. Tt is often
difficult to eradicate even small subchmcal metastases by
CT. Also, local failure rates of a primary tumor following
RT are high for many tumor sites.

To decrease the local failure rate, tl'leI enhancement
of RT effects is necessary. In the presence of chemothera-
peutic drugs, an increased response such as enhancement
occurs within the irradiated volume. Howe:v:er, virtually all
chemotherapeutic agents enhance radiation damage to
normal tissues as well. Consequently, a therapeuuc benefit
is only achieved if enhancement of the tumor response is
greater than that for normal tissues.

Among the many chemotherapeutic ‘ agents used,
cisplatin is one of the best agents for yielding a therapeutic
benefit. An enhancing effect by the additional use of daily
cisplatin before each RT fraction was observed in an in vivo
animal study.’ This study found iso-effective enhancement
factors of up to 2.2 for tumors and from 1.0 lo: 1.5 for normal
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tissues, such as mucosa, kidneys, and esophagus, suggesting
a therapeutic gain.* These results were confirmed by a ran-
domized clinical trial comparing RT alone and RT with
additional daily cisplatin for inoperable non-small-cell lung
cancer (NSCLC).? Concurrent daily cisplatin with RT im-
proved local control and survival in NSCLC without in-
creasing the toxicity of RT.

Mechanisms responsible for CT-RT interactions

Recent clinical trials, including metaanalyses, have shown
that CT given concurrently with RT results in improved
local control and survival,”'" implying interactions between
CT and RT. Five major mechanisms responsible for CT-RT
interactions are discussed in the following paragraphs.'™

Initial radiation damage

The first mechanism responsible for CT-RT interaction
is the direct enhancement of the initial radiation damage.
resulting from the incorporation of the chemotherapeutic
drugs into DNA. The primary target for radiation injury
is DNA, where halogenated pyrimidines such as 5-
fluorouracil (5-FU) are incorporated, making the DNA
more susceptible to RT. Cisplatin interacts with nucleo-
philic sites on DNA or RNA to form intra- and interstrand
cross-links.  When cisplatin cross-links to DNA are formed
during RT, radioenhancement by cisplatin may occur.’
This 1has been observed in both hypoxic and oxygenated
cells,

Inhibition of radiation damage repair

Secondly, the inhibition of cellular repair increases radia-
tion damage. Cells have the ability to repair sublethal and
potentially lethal radiation damage,’ and halogenated pyri-
midines, nuclecside analogs, and cisplatin interfere with
cellular repair mechanisms. This inhibition of cellular repair
can be effective when drugs are administered following
fractionated RT. In general, nucleoside analogs such as
fludarabine and gemcitabine are potent radiosensitizers.
In animal experiments, the effect of fludarabine on
radiocurability was greater when fludarabine was combined
with fractionated RT than when it was combined with
single-dose RT." This implies that the inhibition of suble-
thal or potentially lethal damage repair is a significant
mechanism responsible for the enhancement of the tumor
radioresponse to fludarabine.

Cell-cycle effects
The third mechanism focuses on a cell-cycle effect. The

cytotoxicity of most chemotherapeutic agents and that of
radiation is highly dependent on the phase of the cell cycle.
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Fig. 2. Changes in the percentages of cells in the G2/M phase after
different doses of docetaxel. The dara points and vertical lines represent
the means and SD of 12 to 16 mice (reproduced from M. Suzuki et al.,"*
with permission)

Both chemotherapeutic agents and radiation are more
effective against proliferating cells than against non-
proliferating cells. Among proliferating cells, cells in the G2
and M phases are the most radiosensitive, and the cells in
the S phase are the most radioresistant.? Based on this varia-
tion in radiosensitivity over the cell cycle, there exist two
strategies for CRT, the use of chemotherapeutic agents that
accumulate cells in a radiosensitive phase or those that
eliminate radioresistant S-phase cells. The latter strategy is
related to the mode of action of nucleoside analogs.
Fludarabine and gemcitabine are incorporated into radiore-
sistant S-phase cells, many of which die by apoptosis. This
preferential removal of S-phase cells therefore contributes
1o the radicenhancement effects.

Taxanes such as paclitaxel and docetaxel inhibit tubulin
depolymerarization and promote microtubule assembly
and stability, which leads to cell-cycle arrest in the radiosen-
sitive G2 and M phases.” The ability of taxanes to block
cells in the G2/M phases is the biological rationale for
combining these agents with radiation. Although the
radiosensitizing effects of taxanes have been reported in
various in vitro and in vivo studies,'*"* our experiment using
SCCVII tumors showed only additive effects of radiation
and docetaxel.” The accumulation of cells in the G2/M
phase was significantly increased 24h after the administra-
tion of 90mg/kg docetaxel (Fig. 2). When RT was given 24
and 48h after this drug administration, only additive effects
were noted (Fig. 3). Flow cytometry data suggested that
docetaxel-arrested G2/M phase cells did not enter the next
cell cycle and were killed by docetaxel alone. Thus, the
synergic mechanism resulting from the combination of
taxanes and RT may not work on all tumors.
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Fig. 3. Cell survival curves for SCCVII tumors. The data points and
vertical lines represent the means and SD of 12 to 16 mice. The slopes
of the cell survival curve are parallel, indicating an additive effect of
90mg/kg docetaxel administered 24 h and 48h before RT (reproduced
from M. Suzuki et al.,"* with permission)

Hypoxic cells

Hypoxic cells are 2.5-3.0 times less sensitive to radiation
than well-oxygenated cells.'? Tumors often include hypoxic
areas, which is a cause of radioresistance. Chemothera-
peutic agents can improve the RT effect by: (1) eliminat-
ing well-oxygenated tumor cells, which leads to tumor
reoxygenation, (2) selectively eliminating hypoxic cells, or
{3) sensitizing the hypoxic cells to radiation. Tumor
reoxygenation is a major mechanism that results in the
taxol-induced enhancement of the tumor radioresponse."”
Milas et al.” have reported that radiosensitization by
paclitaxel in vivo only occurs when RT is given under
air-breathing conditions and not under hypoxic conditions.
Improved tumor oxygenation by administration- of
paclitaxel was also observed by direct measurement of the
intratumoral partial pressure of oxygen (PO,)."”

Several chemotherapeutic drugs, such as tirapazamine
and mitomycin, selectively kill hypoxic cells."? These
bicreductive drugs are reduced to a toxic intermediate
under hypoxic conditions. Another approach to conquer
hypoxic cells is the use of hypoxic cell radiosensitizeres.
These drugs mimic the effect of oxygen by increasing ra-
diation damage. Nitroimidazoles, such as misonidazole
and nimorazole, are highly effective at enhancing the
radioresponsiveness of tumors in rodents.'? A metaanalysis
of 50 randomized clinical trials showed that modification of
tumor hypoxia significantly improved locoregional tumor
control and overall survival after radiotherapy.” According
to the tumor site, treatment benefits were observed for head



and neck tumors as well as bladder tumors."” However, no

L . I )
significant improvement occurred for uterine cervix, lung,
esophagus, or central nervous system cancers.

Repopulation of tumor cells ‘

The importance of the overall treatmemltime (OTT) for
local tumor control by RT has been documented in a num-
ber of studies of head and neck cancers, uterine cervical
cancer, and esophageal cancer.”*"® Withers and colleagues'®
found that the TCDg, (the radiation dose which yields local
control in 50% of tumors) progressively ircreased over time
if the OTT was prolonged beyond 30 days.™ Qur analysis of
esophageal and laryngeal squamous cell c.ar‘cinomas treated
by RT alone showed that the prolongation of OTT signifi-
cantly reduced the local control rate.”" One mechanism
responsible for this may be the accelerated repopulation of
tumor cells during fractionated RT.

Thus, any approach that reduces or eliminates the accel-
erated repopulation of tumor cells improves the efficacy of
RT. This is likely to be one of the major|mechanisms by
which CT improves local tumor control when given con-
currently with RT. Even a small decrease in repopulation
between radiation fractions can significantly improve the
tumor response to fractionated RT. However, most chemo-
therapeutic drugs inhibit repopulation not only in the
tumor, but also in the compensatory cel. regeneration of
normal tissues that occurs during fractionated RT. Thus,
a therapeutic benefit is expected if drugs are tumor-
selective or if repopulation is faster in the umor.

Recently, various molecular targeting drugs have
become clinically available. Several drugs, such as epider-
mal growth factor receptor (EGFR) inhibitors, block the
membrane receptors of growth factors or interfere with the
signaling pathways involved in cell proliferation, These
agents offer another possible method for inhibiting the
accelerated repopulation of tumor cells during fractionated
RT.W'ZO \
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Fig. 4. Local control and distant
metastasis rates for nonresect-
able non-small-cell lung cancer
{(NSCLC). Three hundred and
fifty-three patients with non-
resectable NSCLC were ran-
domly allocated to RT aione
(65Gy/26 fractions) or to three
courses of induction CT followed
by RT. In this randomized trial,
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Sequencing of CT and RT

According to the sequencing of CT and RT, CT is desig-
nated as either induction (neoadjuvant) CT, concurrent CT,
or adjuvant CT, when it is given before, during, or after the
course of RT, respectively. As clinical trials of adjuvant CT
following RT have not been systematically studied, the aims
and clinical results of induction CT and concurrent CT are
described in the following paragraphs.

Induction CT
Induction CT has two main objectives,'” one being the
eradication of micrometastases while they contain small
numbers of tumor cells, and the other being to reduce the
size of the primary tumor that is to be irradiated. Reducing
the number of clonogenic cells in the tumor increases the
probability of tumor control by RT. In addition, CT-
induced tumor shrinkage may provide a smaller target
volume for RT, thereby limiting normal tissue damage.
Clinically, induction CT followed by RT was first investi-
gated for most tumor sites because of anxiety over en-
hanced toxicities due to the use of concurrent CRT. Many
randomized clinical trials have compared induction CT fol-
lowed by RT with RT alone. However, in general, their
results have not been encouraging for induction CT.'2*'%
No improvement in the local control rate was obtained for
uterine cervical cancer, head and neck cancer, esophageal
cancer, or NSCLC.**'* Induction CT improved the overall
survival rate for NSCLC,™* although no improvement in
survival was observed for the other tumor sites stud-
ied.!***'* Chevalier and colleagues® reported that induc-
tion CT for NSCLC reduced the distant metastasis rate,
although there was no improvement in the local control rate
(Fig. 4). Thus, only for locally advanced NSCLC does
induction CT decrease distant metastasis and work as
expected.
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the distant metastasis rate was re-
duced by induction CT, while the
local control rate was not im-
proved. As a result, a marginal
benefit in the overall survival rate

o L7 CT+RT

was shown by the combining of
induction CT with RT (P = 0.08;
reproduced from T.L. Chevalier
et al.,” with permission)
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Clinical results of induction CT followed by RT have
been disappointing, and improvement in the local control
rates of RT by induction CT has not been observed for all
tumor sites. Several possible explanations exist for the fail-
ure of induction CT to improve RT, the most likely being
that induction CT induces the accelerated repopulation
of tumor cells." Induction CT leads to cell killing and
tumor shrinkage. However, improved oxygenation, or other
changes in the tumor microenvironment, may cause a
higher rate of tumor cell proliferation when RT is initiated.
Recently, the accelerated regrowth of NSCLC after induc-
tion CT was reported.” During the time between the end of
induction CT with gemecitabine and cisplatin and the start of
RT, rapid tumor progression occurs, due to the accelerated
repopulation. The tumor volume doubling time ranges from
8.3 to 171 days, with a median of 29 days,” and this value is
far less than the mean values for untreated NSCLC.

Another possibility is that induction CT does not affect
tumor cells that are resistant to RT. This explanation is not
generally valid, because most drugs used for induction CT
do not produce cross-resistance effects with RT.?However,
CT and RT are resistant to nen-cycling quiescent cells.
From this viewpoint, we investigated the effects of induc-
tion CT on the proliferation parameters of tumor cells,
using biopsy and surgical specimens of esophageal cancer
treated with or without induction CT involving cisplatin.”’
Our study revealed that the mean Ki-67 labeling indexes for
surgical specimens treated with or without induction CT
were 47% or 67%, with a significant difference (P <
0.005).” This indicates that CT decreases the percentage of
cycling and proliferating tumor cells. This is not surprising,
because cisplatin is more effective against proliferating cells
than against non-cycling quiescent cells. As a result of in-
duction CT, the percentage of quiescent cells, also known as
radioresistant cells (closely related to hypoxic cells) was
increased. These perturbing effects of CT may be also
atiributed to the failure of induction CT before RT.

Concurrent CT

For concurrent CRT, CT can act on both systemic and
primary lesions. However, the main objective of concurrent
CT is to use CT-RT interactions to maximize the antitumor
effect, even though it inevitably increases the acute toxicity
of the treatment." Therefore, it should be remembered
that the therapeutic benefit of concurrent CRT only occurs
when enhancement of the tumor response is greater than
the toxic effects on critical normal tissues.

For one mode of concurrent CRT, an alternating
schedule of CT and RT can be used.””™ For this combina-
tion, RT and CT are given alternately, without a treatment
gap, to minimize excessive toxic effects on normal tissues
and to enhance the tumor response by perturbing cell
cycling or reoxygenation. Several clinical trials involving
alternating schedules have yielded promising results.”

Clinically, randomized clinical trials for various tumors,
comparing concurrent CRT with RT alone, showed an im-
proved local control rate by CRT.***!" So far, this improve-

ment, and the survival benefit of concurrent CRT, have
been noted for head and neck cancer, nasopharyngeal
cancer, NSCLC, small-cell lung cancer, esophageal cancer,
uterine cervical cancer, and anal canal cancer™" At
present, concurrent CRT is regarded as a standard regimen
for these tumor sites. For unresectable NSCLC, induction
CT followed by RT was compared with concurrent CRT.
Several randomized trials showed that concurrent CRT
provided higher local control rates and survival in patients
with stage 11} NCSLC? _

During concurrent CRT, acute toxicities are inevitably
increased. Hematological and gastrointestinal toxicities are
significantly greater during concurrent CRT than for con-
trol groups for most tumor sites.""" Therefore, concurrent
CRT is not indicated for patients with poor performance
status, poor bone marrow function, or poor renal function.
Although no significant increase in late toxicities has been
reported in most clinical trials,”"" there is still insufficient
data to conclude that late toxicity is not increased by
concurrent CRT.

The optimal schedule for drug administration during
concurrent CRT is still unclear. In the United States, for
locally advanced esophageal cancer, full-dose CT involving
cisplatin and 5-FU} is combined with RT.” On the other
hand, several Japanese investigators, including us, have
shown promising clinical results for low-dose protracted
infusion CT combined with RT for esophageal squamous
cell carcinomas.”™ To obtain maximum radiosensitization
by CT, daily or weekly administration of CT combined with
RT may be better than full-dose CT and RT. To elucidate
this question, we have started a multi-institutional random-
ized phase II clinical trial of 5-FU/cisplatin concurrent CT-
RT for locally advanced esophageal cancer {(KRQSG-0101;
JROSG-021; Kyoto Radiation Oncology Study Group;
Japanese Radiation Oncology Study Group) (Fig. 5). In this
trial, the total dose of CT and RT is the same for both
groups, and the type of CT infusion is being compared
in terms of the overall survival rate and toxicity. This trial
will should explain which type of CT infusion is better for
treating esophageal cancer.

Future directions of CRT

Recent advances in CRT have changed the clinical practice
of RT for many tumor sites, Concurrent CRT is now a
standard treatment for varicus malignant tumors. To
improve the therapeutic ratio further, there are several
strategies for the use of RT and CT.

First, recent advances in RT technology should be inte-
grated with CRT to deliver higher doses to the tumor and
lower doses to organs at risk. Intensity-modulated RT
{IMRT), one of the most advanced RT techniques, allows
the sparing of normal tissues without decreasing the dose to
a target. At our hospital, concurrent CRT is given by IMRT
for head and neck cancer, as well as esophageal cancer.
One excellent example of the use of IMRT in CRT has been
reported for pediatric medulloblastoma.” IMRT delivered



