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with or without chemotherapy. at the National Cancer Center Hos-
pital. All tumors were cytologically or histologically confirmed
NSCLC. Patients’ disease was staged by the tumor-node-metastasis
{TNM) staging system (UICC, version 6, 2002). The diagnostic
workup included a bone scan, brain scan by computed tomography
(CT) or magnetic resonance imaging, CT scan of the chest, and CT or
ultrasound imaging of the abdomen. The criteria for inclusion in
this study were irradiation with a dose of 60 Gy or more as a part
of the initial treatment and a clinical response better than stable
disease. After excluding patients with metastatic disease, whose
primary tumor was located in the apex of the lung {superior sul-
cus), and whose post-treatment evaluation was inadequate, the
remaining 127 patients served as the subjects of the analysis.

Details of treatment

Radiotherapy

Gross tumor volume (GTV) was defined as the demonstrable ex-
tent of the primary tumor and the metastatic lymph nodes, GTVp
and GTVn, respectively. GTVn was defined as abnormally enlarged
regional lymph nodes measuring over 1.0 cm along their short axis.
Clinical target volume (CTV) consisted of the adjacent mediasti-
num and ipsilateral hilum (CTV of the subclinical nodal region,
CTVs) as well as CTVp and CTVn which were assumed to be equal
to GTVp and GTVn, respectively. A planning target volume (PTV)
margin of 1-1.5 cm was drawn around each CTV.

External-beam radiotherapy with a 6, 10, or 15 MV photon
beam was delivered using a linear accelerator, A majority of the pa-
tients were treated with anteroposterior opposing fields encom-
passing CTV to a dose of 40 Gy/20 fractions (2 Gy per fraction, 5
days per week), followed by an off-cord boost to the GTV by obli-
que opposing fields, to a total dose of 60-68 Gy/30-34 fractions.
No attempt was made to encompass the supraclavicular areas in
most patients; the supraclavicular areas were treated only elec-
tively. Initially, treatment planning was performed by using an
X-ray simulator for the anteroposterior fields and a CT-port for
the obligue opposing fields, but after the end of 1999, most treat-
ment planning, especially to define the off-cord boost, was per-
formed using a CT-based planning system (FOCUS, Computed
Medical Systems).

The dose to the spinal cord was limited to 45-50 Gy, The size of
the treatment fields was adjusted so that it did not exceed half of
the hemithorax before introducing CT-based planning system, or
so that the volume of normal lung tissue receiving a dose over
20 Gy would be less than 40%.

Chemotherapy

Systemic chemotherapy was used in 87 patients (68.5%), and
the majority of the patients received platinum-based chemother-
apy sequentially or concurrently with the radiation therapy. One
of the representative regimens was 2-3 cycles of cisplatin
80 mg/sqm on day 1 and vinorelbine 25 mg/sqm on days 1 and 8
{or vindesine 3 mg/sqm on days 1, 8, and 15) in 21-28 days. The
second most common regimen was cisplatin 80 mg/sqm on day
1, vindesine 3 mg/sqm on days 1 and 8, and mitomycin C 8 mg/
sqm on day 1, in 21-28 days. The other regimens are summarized
in Table 1.

Evaluation

Patients were followed at 4- to 6-week intervals for 6 months
after treatment and at 3- to 6-month intervals thereafter, Chest
X-ray and laboratory workups were performed at each post-treat-
ment visit. Unless there were changes in the chest X-ray or in
symptoms, a CT scan was performed about 2-3 months after the
treatment for the assessment of the treatment response, and every

Tabie 1

line patient c
Characteristics Patients (X)
Median age (yr) 65 [36-83)
Genuder
Male 106 3
Female n 17
Performance stanes (WHO)
0 12 8
1 109 86
2 ] 5
Stage
1{AB) 5(1/4) 4
I {A/B) 12(3/9) 9
1 (A/B) 110{589/51) 87
Histology
Adenocarcinoma 64 50
Squamous cell carcinoma 39 n
Large cell carcinoma 4 3
NSCLC (not otherwise specified) 20 16
Chemotherapy {concurrent/sequential) 87(63/24) 9

regimens

Cisplatin + vindesine or vinorelbine 48 55
Carboplarin + 12 4
MVP (cisplatin + vi * Ty 12 14
dedaplatin or P +p | 1" 13
Others 4 5

6-12 months thereafter. Follow-up information was obtained from
the medical charts and death certificates.

When evaluating overall survival, an event was defined as death
from any cause. When evaluating progression-free survival, an
event was defined as documented tumor progression (loco-regio-
nal or distant) or death from any cause, Local or loco-regional fail-
ure was judged to have occurred if there was radiographic
evidence of progressive disease. Absence of progression of residual
disease for more than 6 months following treatment was consid-
ered evidence of loco-regional control. A recurrence in supraclavic-
ular nodes was considered regional failure, not an elective nodal
failure, because the supraclavicular regions are not routinely in-
cluded within the radiation fields in our practice. Treatment failure
was not always confirmed histologically. Elective nodal failure
{ENF) was defined as recurrence in CTVs without evidence of local
failure, as the first event or even after distant metastasis.

The adequacy of field borders was assessed in terms of CTVs
coverage and PTV margin in patients with loco-regional failure.
The failure patterns were analyzed to distinguish in-field recur-
rence from out-of-field recurrence; “in-field” included CTVs as well
as CTVp and CTVn.

The Kaplan-Meier method was used from the start of the treat-
ment to calculate the overall survival and progression-free survival
of all the 127 patients.

Results

A total of 127 patients, median age 65 years (range, 36-83), met
the criteria for evaluation in this study. The majority of patients
had stage [IIA (n=59) or IlIB (n = 51) disease. Other baseline char-
acteristics of the patients and details of their treatment are sum-
marized in Table 1.

At a median follow-up time of 50.5 months (range, 14.2-83,0)
of the surviving patients, 95 had experienced treatment failure.
Median survival time was 23.5 months (range, 4.2-109.7), and
median time to progression was 9.0 months (range, 2.2-109.7).
The 2-year cumulative survival rate and 2-year progression-free
survival rate were 51.4% and 27.6%, respectively. The survival
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curves are shown in Fig. 1. Patients with early progressions were
excluded because of the criteria for inclusion in this study: a clin-
ical response better than stable disease.

Eighty-seven (69%) patients received chemotherapy concomi-
tantly or sequentially with the radiotherapy. The overall survival
time of the patients who received chemotherapy was 21.7 months
(range, 7.6-33.9), as opposed to 19.1 months (range, 6.8-32.7)
among those who did not receive chemotherapy, and the differ-
ence was not statistically significant (p = 0.10). There were no sta-
tistically significant differences in disease-free survival nor loco-
regional control according to whether the patients had received
chemotherapy. Concurrent use of chemoradiotherapy did not af-
fect survival among the 87 patients who received chemotherapy
(data not shown),

There were 53 patients with a first loco-regional failure, alone
(n=41) or with distant metastasis (n=12), and the majority of
the failures were in-field (n =38, 72%). Nine (21%) patients had
out-of-field recurrences in the form of supraclavicular node metas-
tasis (n=5) or pleural metastasis (n=4), with or without local
recurrence. There were no isolated ENFs (Table 2).

Four patients (7%) experienced nodal failure in CTVs simulta-
neously with local or distant failure. Three of them had received
a prophylactic dose of 40 Gy to the CTVs, and the other had inade-
quate margin of the CTVs field. Other characteristics of these pa-
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Fig. 1. Overall and progression-free survival curves of all the 127 patients. Patients
with early progressions were excluded because of the criteria for inclusion in this
study: a clinical response better than stable disease.

Table 2
Details of all the first fallures.

Types of event Patients z
Loco-regional alone a 43%
In-field

CTVpn 30

CTVpn + CTVs* 2
In-field + out-of-field

CTVpn + pleural effusion 2

CTVpn + supraclavicular nodes 2
Out-of-field

Supraclavicular nodes 3

Pleural effusion” 2

+distant 12 13%

In-field + out-of-field

CTVpn + CTVs 2
Distant alone 42 44%
All events 95

* One also had concurrent failure in the contralateral hilum.
¥ One also had concurrent supraclavicular recurrence.

tients are shown in Table 3. There were no "marginal only”
failures among in-field failures; all the failures at the field borders
were associated with out-of-field failures.

Conventional X-ray simulation was performed in 8 (6%) pa-
tients, while 70 (55%) had CT-based simulation and remaining 49
(39%) had both (initially with X-ray simulation, followed by CT-
based simulation for off-cord boost). A majority (n = 122, 96%) of
the patients were treated with anteroposterior opposing fields as
elective nodal irradiation, followed by oblique opposing fields to
the toral dose.

ENI was incomplete (n = 12) or not performed (n=6) in 18 of
the 53 patients with loco-regional failure because of diminished
pulmonary function or deteriorated performance status. All the
incomplete ENIs were due to insufficient CTVs coverage. In 12 of
the 18 patients, the failure was in the tumor volume, in 3 patients
it was in the pleura, and in 2 patients it was in the supraclavicular
nodes. Only 1 patient had recurrence in both the tumor volume
and the uninvolved nodal area.

Discussion

In this series of NSCLC cases treated with conventional fields
and doses, the loco-regional failures after radiotherapy mainly oc-
curred in the tumor volumes, and there were no isolated ENFs.

There are several possible reasons for these results. First, micro-
metastasis in the CTVs may have been controlled by prophylactic
delivery of 40 Gy to the region, and depending on the location of
the primary tumor, the sites of occult metastasis may often have
received additional unintentional radiation doses. Kepka et al. re-
ported an isolated ENF rate of 9% in 185 patients treated with
the ENI using 3-dimensional conformal radiotherapy (3D-CRT),
Their analysis showed that the ENF occurred more frequently in
the regions that received under 40 Gy than in the regions that re-
ceived higher doses (69% vs. 31%, respectively, p = 0.04) [7]. How-
ever, despite the same ENF rate of 9% in 1705 patients in the four
trials conducted by the Radiation Therapy Oncology Group (RTOG),
a retrospective evaluation of in-field progression revealed that nei-
ther in-field progression nor survival was affected by the adequacy
of ENI [8]. Field adequacy did not have any negative impact on re-
gional control in our series either (Tables 3).

Second, the amount of micrometastasis in unenlarged mediasti-
nal regional nodes may have been small enough to be controlled by
chemotherapy, which has been shown to have activity that reduces
the incidence of distant micrometastasis in advanced NSCLC. How-
ever, the degree of systemic and local efficacy of chemotherapy did
not reach statistical significance in our series, probably because of
the small number of patients and their heterogeneity (data not
shown).

Third, since the failure sites in the majority of patients were dis-
tant, they would have died of their disease before the ENF became
apparent. As a result, the loco-regional failure rates may have been
lower than their true values because we did not investigate regio-
nal sites once a patient developed distant metastasis.

The therapeutic significance of treating subclinical nodal re-
gions during and after surgery for NSCLC has been questioned.
Some studies have established the presence of considerable micro-
scopic nodal disease in clinically uninvolved lymph nodes [9,10],
but the role of mediastinal lymphadenectomy remains controver-
sial and has been limited to the precise staging of the disease
[11-13]. A study by Izbicki et al. which compared systemic medi-
astinal lymphadenectomy with mediastinal lymph node sampling
showed that radical systemic mediastinal lymphadenectomy had
no effect on the disease-free or overall survival of patients with
limited nodal involvement [13,14], The role of adjuvant radiother-
apy after complete resection also remains unclear [15-17]. A sys-
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Table 3
Patients with CTV's failure.

Patient #1 Patient #2 Patient #3 Patient 84
Age (yr)/Sex 45[Female 74[Female 61/Male T8Male
Reason for inoperability Unresectable Unresectable D d pul y functh ! ble, age
Stage A na ns s
Primary lecation Left lower lobe Right upper lobe Right lower lobe Left upper lobe
Histology Adenocarcinoma Adenocarcinoma Squamous cell carcinoma Adenocarcinoma
Chemotherapy Yes Yes No No
Response Partial response FPartial response Partial response Partial response
Site of first failure Distant and loco-regional Distant and loco-regional Loco-regional Loco-regional
Field border adequacy Yes Yes No Yes
Dose to CTVs failure 40 40 ] 40

No No Yes No

temic review and meta-analysis [18] showed that postoperative
radiotherapy was detrimental to patients with early NSCLC,
although there may have been some efficacy in patients with N2
tumaors. These arguments also raise questions about the clear ben-
efit of ENI in regard to survival.

In-field loco-regional failure was a major site of failure in the
current study: all the recurrences in the CTVs were associated with
failure in the gross tumor volume. Thus, more intensive treatment
strategies are needed to enhance loco-regional control without
sacrificing safety. One possible strategy is to reduce the ENI field
in regard to the patients' risk factors while escalating the total
dose. Such an attempt has already been made in regard to surgery:
Asamura et al. retrospectively reviewed the prevalence of lymph
node metastasis with respect to the location of the primary tumer
or other characteristics to decide on the optimal lobe-specific ex-
tent of systematic lymph node dissection for NSCLC [19.20]. By
using such predictors, including the location of the primary tumor,
histology, or nodal stage [21-24), it is possible to identify the nodal
areas at risk and to optimize the extent of ENI in radiation therapy
as well. On the other hand, more precise diagnosis by novel tech-
nology, such as positron emission tomography [25], may enable
the omission of ENI and avoid unnecessary irradiation to areas at
low risk for subclinical disease.

In terms of the technical feasibility of dose escalation, Grills
et al. found that intensity-modulated radiation therapy without
ENI for NSCLC increased the deliverable mean target dose in
node-positive patients by 25-30% over 3D-CRT and by 130-140%
over traditional ENI [26).

Because omitting ENI is likely to leave microscopic disease un-
treated, there is concern that it may result in increased failure in
these areas. However, the preliminary results of dose escalation tri-
als have shown that isolated ENF outside the irradiated volume oc-
curred in fewer than 6% of the cases and that omission of ENI did not
seem to sacrifice outcome [2-5,27]. There is insufficient evidence to
support the use of ENI for any patient with localized NSCLC (Stages
I-111), irrespective of whether chemotherapy is administered [28].
There has been only one randomized trial that compared high-dose
thoracic radiotherapy without ENI and standard dose radiotherapy
with ENI, and it showed a survival benefit of high-dose thoracic
radiotherapy without ENI [29], One possible explanation for this
finding is that incidental doses to elective nodal areas may contrib-
ute to the eradication of the subclinical disease, The pattern of ENF
according to nodal regions was described by Rosenzweig et al., who
implemented the use of involved-field radiation therapy with dose
escalation in 524 patients [6]. Since the majority of the 42 ENFs that
were observed occurred in the areas that received less than 45 Gy,
the incidental doses to elective nodal areas may have been substan-
tial despite the attempt not to treat these regions in their study. In
addition, Zhao et al. reported that involved-field radiation therapy
with a dose escalated to 70 Gy delivered a considerable dose to
CTVs, and when the primary tumor was large or centrally located,

the percentages of CTVs in the lower paratracheal region, subcarinal
region and ipsilateral hilar region receiving over 40 Gy were 33%,
39%, and 98%, respectively [30].

Because of the retrospective nature of our study, no conclusions
about the value of ENI for NSCLC can be drawn. However, the finding
that in-field loco-regional failure, as well as distant metastasis, was a
major type of failure with the standard field and dose of thoracic
radiotherapy confirmed the need for more intensive treatment.

Further investigation to verify the true significance of ENI or to
identify best candidates for ENI is necessary before it is abandoned
in the context of dose escalation.

Conclusion

The loco-regional failures after radiotherapy in this series of
NSCLC cases treated with conventional fields and doses mainly oc-
curred in the tumor volumes, and there were no isolated ENFs. The
results confirmed the need for more intense treatment to improve
local control.
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CHANGES IN PATTERNS OF CARE FOR LIMITED-STAGE SMALL-CELL LUNG
CANCER: RESULTS OF THE 99-01 PATTERNS OF CARE STUDY—A NATIONWIDE
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Japan

: This study was undertaken to analyze the practice process of thoracic radiotherapy (TRT) and eval-
uate in patterns of care for patients with limited-stage small-cell lung cancer (LS-SCLC) in Japan.
Methods and Materials: The Patterns of Care Study (PCS) conducted the second nationwide survey of care process
for patients with LS-SCLC treated by using TRT between 1999 and 2001.

Results: The PCS collected data for 139 patients with LS-SCLC (man-woman ratio, 5:1; median age, 69 years; age
> 70 years, 43%; Karnofsky Performance Status > 70, 73%; and Stage I11, 88%). Mtdhnmﬂdosewnso(iy
T\-ke—dlﬂyTRTwumdiu“Ivdpnmu.Muﬂmﬁdddumﬂxlalcm.'l'llemm used phot
energy was 10 MV (77 %), whereas obsolete techniques using anx-nymlsuthmsu\fmmprhadﬂ%.
Three-dimensional conformal therapy was used with 12% of patients. Computed simulation was per-
formed in 40% of cases. Only 12 patients (8.6% ) received prophylactic cranial irradiation (PCI). Concurrent che-
motherapy and TRT (CCRT) was used for 94 patients (68%). Only 6 patients (4.4%) entered clinical trials.
Compared with the previous PCS 95-97, t increases in the use of CCRT (34-68%; p < 0.0001), twice-daily
TRT (15-44%; p < 0.0001), and PCI (1.7-8.6%; p =0.0045) were observed, although the absolute number of pa-
tients receiving PCI was still extremely low.

Conclusions: Evidence-based CCRT and twice-daily TRT has penetrated into clinical practice. However, PCI is not
yet widely accepted in Japan. © 2008 Elsevier Inc.

Patterns of Care Study, Small-cell lung cancer, Thoracic radiation therapy, Nationwide survey, Practice process.

INTRODUCTION

The Patierns of Care Study (PCS) is a retrospective study
designed to investigate the national practice processes for
selected malignancies during a specific period (1). In addition
to documenting practice processes, the PCS is important in
developing and spreading national guidelines for cancer
treatment. In Sept 1998, the Japanese PCS conducted the first
nationwide survey for patients with lung cancer treated using
thoracic radiotherapy (TRT) between 1995 and 1997 (PCS
95-97). The main findings from the PCS 95-97 are summa-
rized as follows. First, the use of TRT for patients with

limited-stage small-cell lung cancer (LS-SCLC) in Japan is
predominantly influenced by institutional characteristics,
rather than age group. Second, patient age significantly influ-
enced the use of chemotherapeutic modality, such as etopo-
side and cisplatin for patients with LS-SCLC (2, 3).
Because results of several key clinical studies of patients
with LS-SCLC were reported between 1997 and 1999, it
seems meaningful to evaluate whether practice processes in
Japan were changed accordingly. The second PCS for lung
cancer investigated patient characteristics, workup studies,
the process of TRT, and use of chemotherapy in patients
with LS-SCLC treated by using TRT between 1999 and
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2001. The objectives of the present study are as follows. First,
compile processes in TRT for patients with LS-SCLC treated
between 1999 and 2001, and second, compare patient charac-
teristics and treatment modalities between the PCS 95-97 and
PCS 99-01 in Japan,

METHODS AND MATERIALS

Between July 2002 and August 2004, the PCS conducted a second
national survey of radiation therapy for patients with lung cancer in
Japan. The Japanese PCS developed an original data format for
patients with lung cancer. The PCS performed an extramural audit
survey for 73 (38 academic and 35 nonacademic institutions) of
556 institutions by using stratified two-stage cluster sampling and
collected data for 768 eligible patients with lung cancer. Data collec-
tion consisted of two steps of random sampling. Before random
sampling, all institutions were classified into one of four groups. Cri-
teria for stratification were described elsewhere (2, 4). Briefly, the
PCS stratificd Japanese institutions as follows: A1, such academic
institutions as university hospitals or national/regional cancer center
hospitals treating 430 or more paticnts per year; A2, academic insti-
tutions treating fewer than 430 patients; B1, nonacademic institu-
tions treating 130 or more patients per year; and B2, those treating
fewer than 130 patients per year. Cutoff values for numbers of
patients treated per year between Al and A2 institutions and Bl
and B2 institutions were increased from those used in the previous
PCS because of the increase in number of patients treated using
radiation therapy in Japan (4).

Eligible parients included those with 1997 Intemational Union
Against Cancer Stages I1-1Il lung cancer treated by using TRT
between 1999 and 2001, with Kamofsky Performance Status
(KPS) greater than 50 before the start of treatment and no evidence
of other malignancies within 5 years. The Intemational Union
Against Cancer staging system was used because the PCS compre-
hensively surveyed patients with non-SCLC and those with SCLC.
As mentioned, Stages I-111 SCLC do not precisely match the defini-
tion of LS-SCLC by Mountain (5). However, no definition of this
term has been universally accepted. The PCS survey of TRT charts
showed that for patients with SCLC, the tumor could be encom-
passed within the TRT field. Thus, in the present study, all patients
were regarded as having LS-SCLC.

The aims of this study are to provide pattems of practice concern-
ing: (/) patient background: (2) workup studies: (3) TRT, including
photon energies, total dose, spinal cord dose, field arrangements,
prescription point, and use of prophylactic cranial irradiation
(PCI); and (4) chemotherapy, including agents, number of chemo-
therapy cycles, sequence of chemotherapy, and TRT. Patient back-
ground included demographics and medical status, such as KPS,
comorbidities, stage, and whether treated on an outpatient basis.
In addition, practice patterns of the PCS 99-01 were compared
with those of the PCS 95-97.

To validate the quality of collected data, the PCS used the Imemet
mailing list among all the surveyors. /n sifu real-time check and
adjustment of the data input were available between each surveyor
and the PCS committee. In tables, “missing” indicates that the
item in the data format was left empty, whereas “‘unknown” means
that the item in the format was completed with data unknown. We
combined missing and unknown in tables because their meanings
were the same in most cases; no valid data were obtained in the
given resources. Cases with unknown values were included when
both percentage and significance values were calculated. Statistical
significance was tested by using chi-square test. A p < 0.05 was

considered statistically significant. Overall survival, assessed from
the first day of radiation therapy, was estimated by using the
Kaplan-Meier product-limit method, and differences were evaluated
using log-rank test.

RESULTS

Patient backgrounds

There were 141 patients with SCLC, which constituted
18% of all patients with lung cancer surveyed. Of those, 2
patients underwent initial surgical resection and adjuvant
postoperative irradiation. Thus, in the present study, the
PCS analyzed the remaining 139 patienis who did not
undergo surgery (Table 1).

There were 116 men and 23 women with an age range of
36-85 years (median, 69 years). Patients older than 70 years
constituted 43% of the patient population. For that elderly pa-
tient pool, the institutional breakdown was as follows: 31% in
Al, 39% in A2, 50% in B1, and 50% in B2 (p = 0.037). For
comorbidities, the most frequent adverse medical conditions
were cardiovascular disease (34%) and diabetes (14%). Se-
venty-three percent had KPS of 80% or greater. Comparison
of four institutional groups failed to show differences in terms
of patient background other than patient age and KPS, Pa-
tients with KPS of 80 or greater comprised 89% of Al, 55%
of A2, 74% of B1, and 65% of B2 strata (p = 0.0071). A ma-
jority of patients (88%) had Stage IIl disease. There were no
significant differences in distributions of T and N classifica-
tions or clinical stages between institutional groups. Only
5% of all patients were treated on an outpatient basis.

Workup studies

Workup studies are listed in Table 2. Pretreatment workup
included chest computed tomography (CT) in 96%, bron-
choscopy in 93%, brain CT or magnetic resonance imaging
in 86%, and bone scan in 79% of surveyed patients, Chest/ab-
dominal CT and bone scan were used for a majority of
patients, whereas positron emission tomography (PET) was
used for an extremely small number of patients. Comparison
of four institutional groups failed to show differences in
terms of workup studies.

Practice process of TRT

Thoracic radiotherapy methods are listed in Table 3. Me-
dian total dose of TRT was 50 Gy, and median field size
was 12 x 14 cm. Median dose to the spinal cord was 42
Gy. A CT simulator was used for planning in 40% of patients.
Three-dimensional conformal therapy was used in 12%. The
planning target volume included the ipsilateral hilus in 96%,
ipsilateral mediastinum in 96%, contralateral mediastinum in
84%, contralateral hilus in 17%, ipsilateral supraclavicular re-
gion in 25%, and contralateral supraclavicular region in 15%.
Field reduction during the course of TRT was done for 61%.
Twice-daily radiotherapy was used for 44%. Photon energy
generally was 10 MV (77%), whereas obsolete techniques us-
ing *°Co or X-ray energy less than 6 MV were used for 12%.
Only 12 patients (8.6%) received PCL. Median dose of PCI
was 25 Gy, Only 6 patients (4.4%) entered clinical trials.
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Table 1. Patient and tumor characteristics

Stratification of institutions
Characteristics Al A2 Bl B2 Total p-value
No. of patients 36 23 54 26 139
Age (y) 0.037
Range 44-85 36-81 40-81 54-85 36-85
Median 69 68 71 7 69
>70 (%) 31 39 50 50 43
Sex 0.780
Men 30 18 47 21 116
Women 6 5 7 5 23
Kamofsky 0.013
performance status
=80 (%) 89 55 74 65 73
Clinical stage/UICC 0475
1997
1 0 1 2 2 5
lIA, IB 3 3 4 1 11
ImA 10 6 19 10 45
B 23 13 28 13 v
Unknown/missing ] 0 1 0 1
T classification 0.569
Ti-2 14 11 25 14 64
T34 n 12 28 12 74
Unknown/missing 0 0 1 0 1
N classification 0.551
NO-1 7 4 9 6 26
N2-3 29 19 44 20 112
Unknown/missing 0 0 1 0 1

Abbreviation: UICC = International Union Against Cancer.

Institutional stratification influenced several radiothera-
peutic parameters (Table 4). Photon energy of 6 MV or
greater was used for 97% of patients in Al, 96% in A2,
87% in B1, and 69% in B2 institutions (p = 0.0006). The
%Co machines were not used in any Al to Bl institutions.
Twice-daily radiotherapy was used for 57 of 113 patients
in Al to B1 institutions, but only 4 of 26 patients in B2 insti-
tutions were treated in that manner (p = 0.0012). The PCI was
used for 7 of 36 patients (19%) in Al institutions, but only 5
patients (4.9%) in the remaining institutions (p = 0.0073).
Use of a CT simulator was more frequent in Al (52%) and
A2 (65%) compared with Bl (34%) and B2 (17%)
institutions (p = 0.011).

One hundred twenty-nine patients (93%) received sys-
temic chemotherapy. Of those, platinum-based chemother-
apy constituted 98%. Concurrent chemotherapy and TRT
(CCRT) was used for 68% (73% of patients who received
systemic chemotherapy). Median number of chemotherapy
cycles was four. Median times from the first day of systemic
chemotherapy to the first date and last date of TRT were 3 and
44 days, respectively. Proportions of patients who received
chemotherapy were 97% in Al, 96% in A2, 91% in BI,
and 89% in B2 institutions (p = 0.49).

Comparison between twa PCS studies
Patient backgrounds and practice patterns in PCS 99-01
were compared with those in PCS 95-97. Differences

between the two studies are listed in Table 5. Based on
two-stage cluster sampling, the ratios of academic to nonac-
ademic institutions were almost equal in the two surveys.
Although median age in PCS 99-01 was slightly older than
that in PCS 95-97, patients’ backgrounds were similar in
the studies. Use of obsolete treatment equipment (photon
energy < 6 MV and *°Co) decreased from 20% in PCS 95-
97 to 12% in PCS 99-01 (p = 0.06). The greatest differences
were seen in the use of twice-daily TRT and CCRT. Twice-
daily TRT increased from 15% in PCS 95-97 to 44% in PCS
99-01 (p < 0.0001). Use of CCRT in PCS 99-01 was twice as
high as in PCS 95-97 (68% vs. 34%; p < 0.0001). Although
a significant increase in the use of PCI was observed
(1.7-8.6%; p = 0.0045), the rate was still extremely low in

Japanese practice.

Table 2. Percentage of patients examined by using each
diagnostic technique in the course of staging

Chest CT 9%6%
Chest MRI 1%
Bronchoscope 93%
Bone scan 9%
Abdominal CT 88%
Positron emission tomography 2%
Brain CT or MRI 86%

Abbreviations: CT = computed tomography; MRI = magnetic
resonance imaging.
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Table 3. Process of thoracic radiation therapy for patients
with limited-stage small-cell lung cancer

Table 5. Comparison of treatment modalities between

Median total dose (Gy) 50
Median spinal cord dose (Gy) 42
Use of CT simulator (%) 40
Three-dimensional conformal therapy (%) 12
Beam energy (%)
0Co 14
<6 MV 10.8
=6 MV 88
Median field size (cm) 12 % 14
Field reduction during treatment (%) 61
IRB-approved protocol reatmment (%) 4.4
Twice-daily radiotherapy (%) 44
Prophylactic cranial irradiation (%) 8.6
Area included in planning target volume (%)
Ipsilateral hilus 9%
Ipsilareral mediastinum 96
Contralateral mediastinum B4
Contralateral hilus 17
Ipsilateral supraclavicula 25
Contralateral supraclavicula 15
Systemic chemotherapy (%) 93
Concurrent chemotherapy 68
and thoracic radiotherapy (%)

Abbreviations: CT = computed tomography; IRB = institutional
review board.

Comparison of preliminary outcomes between studies
There are known limitations in survival analyses in this
type of retrospective survey study. Still, preliminary out-
come data in the two studies could be compared. Overall
survival rates of the entire patient pool in each study are
shown in Fig. 1. Two-year survival rates in PCS 95-97
and PCS 99-01 were 34% and 45%, with a median
follow-up of only 11 months in both studies, respectively.
Median survival times of the patient pools in PCS 95-97

Table 4. Process of thoracic radiation therapy influenced
by institutional stratification

Stratification of institutions

Characteristics Al A2 Bl B2 Total p-value

Photon energy 0.0006
“co o 0 o0 2 2
<6 MV 1 1 7 6 15
=6 MV 35 22 47 18 122
Twice-daily 0.0012
fractionation used
Yes 18 11 28 4 61
No 18 12 26 22 78
Treatment planning 0.011
Use of CT 52 65 34 17 40
simulator (%)
Prophylactic cranial 0.0002%
irradiation used
Yes T 2 3 0 12
No 29 17 48 24 118
Unknown/missing 0 4 3 2 9

Abbreviation: CT = computed tomography.
* Al vs. A2-B2; p=0.0073.

two studies
Background and PCS 95-97 PCS 99-01
treatment process (n=174) (n=139)
SCLC/all lung cancer (%) 16 18
Median age (y) 65 69
KPS > 70 (%) 70 73
Stage 111 (%) 87 88
Median total dose (Gy) 50 50
leonmergyﬁMmeCo{%) 20 12
Use of CT-simulator (%) NA 40
Twice-~daily thoracic 15 44
radiotherapy (%)*
Chemotherapy used (%) 92 93
Concurrent chemoradiation (%)’ 34 68
Prophylactic cranial 19 8.6
irradiation (%)
Survival at 2-years (%) 34 45

Abbreviations: PCS = Patterns of Care Study; SCLC = small-cell
lung cancer; KPS = Kamofsky Performance Status; CT = computed
tomography; NA = not available.

* p <0.0001 by chi-square test.

' p < 0.0001 by chi-square test.

! p = 0.0045 by chi-square test.

and PCS 99-01 were 14 and 17 months, respectively. These
differences did not reach a statistically significant level.

DISCUSSION

Results of the present PCS reflect national treatment trends
for TRT for patients with LS-SCLC in Japan between 1999
and 2001. Through this second nationwide audit survey
and data analysis, PCS established the general pattems of
care for patients with LS-SCLC in Japan. Results also
show the influence of the structure of radiation oncology
on the process of TRT and how state-of-the-art cancer care
supported by clinical trial resulis has penetrated into the
national practice process during the study period.

During the study period, TRT for LS-SCLC constituted
less than one fifth of all radiation therapy for patients with
lung cancer. This result was similar to data from the United
States (6). Use of such staging studies as chest CT, bone
scan, and PET scan for patients with SCLC was in line
with guidelines (7) and very similar to the report from the
United States (6). A PET scan in clinical use was still scarce.
Only a small fraction of patients participated in clinical trials
similar to those observed in the United States. In Japan,
twice-daily TRT was used more frequently and PCI was
used less frequently compared with the United States, How-
ever, it should be noted that subjects of the PCS in the United
States were treated between 1998 and 1999, preceding the
results of key studies that supported the use of twice-daily
radiation therapy and PCL

The study shows that more suitable photon energies were
used in TRT at academic institutions. Thirty-one percent of
patients in B2 institutions were treated with a linear acceler-
ator with less than 6 MV or a ’Co machine that did not meet
the standard of care for equipment to treat patients with lung
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Fig. 1. Kaplan-Meier estimate of overall survival of patients with
Stages -1l small-cell lung cancer surveyed in the 1995-1997
(dark line) and 1999-2001 (bright line) Patterns of Care Studies in
Japan.

cancer, although this rate decreased from PCS 95-97 (>40%
in B2) and was somewhat favorable compared with postoper-
ative radiation therapy for patients with lung cancer in the
same period (B). The availability of CT simulators was
greater than 50% in academic institutions, but only one third
in B1 and even lower in B2 institutions. In modern radiation
therapy, CT-based treatment planning is essential for TRT to
achieve optimal target coverage while reducing the dose to
normal tissue. Twice-daily TRT was used more frequently
for patients in Al to Bl institutions than patients in B2 insti-
tutions. The PCI was used for 19% of patients in Al institu-
tions, but only 4.9% of patients in the remaining institutions.
Although the general quality of radiation oncology improved
from PCS 95-97, results of the present study show that insti-
tutional stratification still influences the structure and process
of radiotherapy, such as availability of CT simulators, the
flexibility of external beam energy selection, and use of
evidence-based cancer care in Japan.

During the past 20 years, survival prolongation in patients
with LS-SCLC was attained mainly by clinical trials that
studied some aspect of radiation therapy, such as integration
of TRT (9, 10), optimization of timing and fractionation of
TRT (11), and introduction of PCI (12). The TRT is an essen-
tial component of the standard management of patients with
LS-SCLC. Two meta-analyses showing the advantage of the
addition of TRT to systemic chemotherapy, published in
1992 (9, 10), preceded our first national survey (PCS 95-
97). In PCS 99-01, although 43% of all surveyed patients
were older than 70 years and 23% of all patients had KPS
of 70% or less, 93% of all patients received chemotherapy.
This percentage is very similar to that in PCS 95-97 (2, 3).

When interpreting our data, it is important to note that they
are limited to patients who received TRT as part of their over-
all treatment regimen. However, these two surveys showed
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that use of systemic chemotherapy was reasonably high in
Japanese practice. Based on several studies published during
the past 10 years, CCRT up front has emerged as a standard
of care generating the highest survival rates (11, 13, 14). A
landmark study supporting twice-daily TRT was published
in 1999 after the previous PCS 95-97 (11). In that study, Tur-
risi e al. (11) showed a significant benefit in 5-year survival
rate with the use of twice-daily TRT (45 Gy in 1.5 Gy frac-
tions twice daily) concurrent with chemotherapy compared
with once-daily TRT (45 Gy in 1.8 Gy fractions every
day). Use of CCRT in PCS 99-01 (68%) was twice as high
as in PCS 9597 (34%). Similarly, there was a notable
increase in the use of twice-daily TRT after PCS 95-97. In
the present study, 44% of patients received twice-daily
TRT, nearly three times as high as in PCS 95-97. Although
it is still unclear whether twice-daily TRT to 45 Gy in 3
weeks is superior to a higher total dose of 60-70 Gy delivered
by using more standard fractionation, it seems that diffusion
of twice-daily TRT to Japanese practitioners was rapid. It
seems likely that the marked increase in use of twice-daily
TRT with concurrent chemotherapy in Japan contributed to
the widespread use (95%) of inpatient treatment in PCS 99-
01. In general, once-daily treatment is better accepted for out-
patient care, whereas twice-daily scheduling is convenient
for the care of inpatients, but at greater cost. Marked
increases in the use of CCRT and twice-daily TRT indicates
greater acceptance of these treatment modalities by radiation
oncologists across Japan.

However, PCI has yet to be systematically adopted in
Japanese practice. Despite the 1999 publication of another
landmark trial that showed the survival advantage of PCI
for complete responders (12), only 8.6% of all patients
received this intervention. At the time of PCS 95-97, the
role of PCI had not been established and it was used for
only 1.9% of all patients (2). Before the present survey, it
was expected that the percentage of patients who received
PCI would be greater on the basis of the meta-analysis.
Although a slight increase in use of PCI was observed, the
rate was still extremely low in Japan. Information about the
number of complete responders was outside the audit. How-
ever, a complete response rate of at least 50% is expected for
study subjects (15). Whether this is caused by the small num-
ber of radiation oncologists in Japan or the small number of
patients who received radiation therapy for cancer treatment
is unknown. We reported previously that the number of full-
time radiation oncologists is low, especially in nonacademic
institutions in Japan (2). According to cancer statistics in
Japan, radiation therapy was used for only 11.3% of all
patients with cancer in 1999 compared with medical
(27.5%) and surgical treatment (69.9%) (16). It is not clear
why evidence-based PCI has not yet been widely accepted
in Japan as opposed to the rapid diffusion of CCRT and
twice-daily TRT in clinical practice. It appears that physi-
cians in Japan hesitate to use PCI, and their patients are reluc-
tant to receive PCI even if it is beneficial. Results of the
ongoing third national survey in Japan will be particularly
interesting in this regard.
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Nonsignificant survival improvement in patient outcome
was observed between PCS 95-97 and PCS 99-01. The cur-
rent PCS has limitations in terms of outcome analysis be-
cause of a short follow-up period, significant variations in
follow-up information according to institutional stratification
(4, 17), and difficulties in outcome survey. One of the ulti-
mate goals of the PCS is to determine how structure and pro-
cesses of radiation therapy affect patient outcomes, including
local control, survival, and quality of life. However, since
2006, personal information is strictly protected by law and

outcome surveys are difficult to perform in Japan, even for
patients with cancer. Cancer is not yet a reportable disease
in Japan. Currently, limitations in data accumulation con-
cerning patient outcomes in this type of survey encouraged
us to develop new health care data collection systems and
linkages among systems that make systematic recording
and analysis of structure/process and outcome data part of
routine quality monitoring (Japanese National Cancer Data-
base, funded by the Ministry of Health, Labor, and Welfare
Japan).
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ABSTRACT

Systemic chemotherapy is the mainstay of treatment
in patients with advanced non-small cell lung cancer.
Local control of regional and metastatic lesions may
be needed before systemic therapy can be started in
patients with pleural effusions or bone or brain metasta-
ses. The indication for systemic chemotherapy depends
on the symptoms and performance status of the patient.
In addition, a risk assessment considering complica-
tions such as hemodynamic and respiratory compro-
mise by effusions, pathological bone fractures, and
neurologic deterioration caused by brain metastases is

critical in selecting which patients should receive first-
line systemic chemotherapy before local therapy,
although predictive factors for these complications
have not yet been established. Chemotherapy has been
considered to have only a limited role in the treatment
of patients with pleural effusions and brain and bone
metastases, but recently developed anticancer agents
have shown substantial antitumor effects in these types
of patients with a good general condition. The Oncologist
2008:13(suppl 1):21-27

INTRODUCTION

The majority of patients with non-small cell lung cancer
(NSCLC) develop distant metastases either by the time of
the initial diagnosis or during recurrence following surgery
for the primary lesion. While systemic chemotherapy is the
mainstay of treatment in patients with advanced NSCLC,
local control of regional and metastatic lesions may be
needed before systemic therapy can be used in patients with
pleural effusions, bone metastases, or brain metastases.
The general rule about whether local control should pre-
cede systemic chemotherapy varies according to the perfor-
mance status (PS) of a patient and the responsiveness of the
tumor to chemotherapy. If possible, systemic chemotherapy
should be employed early in patients with malignant lym-
phoma and germ-cell tumors, as they are highly responsive

and can be cured even at an advanced stage. It is unlikely
that small-cell lung cancer can be cured, but because it
responds well to chemotherapy, chemotherapeutic agents
are frequently given prior to local therapy. In patients with
advanced NSCLC, however, local therapy is often required
before chemotherapy is administered because of the limited
efficacy of chemotherapy in these patients.

PLEURAL EFFusions

Malignant pleural effusions are acommon clinical problem
in patients with neoplastic disease, and may be the first pre-
senting sign in as many as 10% of patients. Indeed, approxi-
mately 15% of lung cancer patients present with malignant
pleural effusions at diagnosis [1]. In fact, lung cancer is
the most common cause of malignant pleural effusions,
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accounting for 17%—56% of cases [2]. Dyspnea is the most
common symptom in patients with malignant effusions,
occurring in more than half of cases, followed by cough and
chest pain, although 5%-25% of patients have no respira-
tory complaints [3].

PS is significantly associated with survival in patients
with pleural effusions [4]. Pleural effusions have been
treated with the aim of palliation because NSCLC patients
with pleural effusions are advanced stage by definition;
massive effusions can cause hemodynamic and respira-
tory compromise, and the development of a symptomatic
pleural effusion can drastically alter the quality of life and
survival of patients [2]. Recently, however, as aresult of the
availability of ultrasound, computed tomography (CT), and
positron emission tomography scans, NSCLC patients with
small, asymptomatic pleural effusions can now be identi-
fied, and the treatment approach can be reconsidered in the
setting of systemic disease control because relatively effec-
tive chemotherapy regimens have been developed.

It should be noted that pleural effusions can affect
drug pharmacokinetics: methotrexate administered i.v.
to patients with massive effusions is slowly released from
third-space fluid, resulting in prolongation of the termi-
nal half-life of the drug in the plasma, and potentially also
increasing its toxicity [5, 6]. Similarly, levels of 5-luoro-
uracil decline rapidly in the plasma, but persist for longer
in the effusion [7]. The pharmacokinetics of other drugs in
patients with effusions are poorly studied, but drugs may
accumulate in effusions and only slowly be redistributed
throughout the body [8].

Patients with a small pleural effusion causing no symp-
toms can be treated with primary systemic chemotherapy,
although there is a risk that the effusion will become symp-
tomatic and require therapy. Patients with effusion-related
dyspnea and those with a massive pleural effusion should be
treated with a therapeutic thoracentesis; a large-volume tho-
racentesis allows rapid relief of symptoms in many patients.
If systemic disease progression is a significant concern, an
initial thoracentesis may create a window of opportunity in
which to gain control over symptoms before starting che-
motherapy. For patients whose effusions recur rapidly, more
aggressive interventions may be required to achieve dura-
ble palliation, including chest tube drainage followed by
chemical pleurodesis, and thoracoscopy with talc poudrage
[8]. If patients gain durable palliation and are restored o a
good PS by these treatments, then systemic chemotherapy
isindicated. If not, their condition is suggestive of terminal-
stage disease witha very short life expectancy.

Patients with NSCLC and pleural effusions are com-
monly included in chemotherapy clinical trials while they
retain a good PS. Although the control of effusions by sys-

temic chemotherapy has rarely been described, the efficacy
of chemotherapy in treating effusions is considered to be
comparable to the systemic response to chemotherapy. A
retrospective study of 34 NSCLC patients with malignant
pleural effusions treated with cisplatin, ifosfamide, and iri-
notecan showed that effusions disappeared for >4 weeks in
13 (38%) patients, while a partial response in measurable
primary or metastatic lesions was obtained in 25 (66%)
patients [9]. Active mutations of epidermal growth factor
receptor (EGFR) have been detected in samples of pleural
effusion fluid, and in patients with NSCLC they were asso-
ciated with a clinical response to gefitinib, an EGFR tyro-
sine kinase inhibitor [10], These results suggest that, in the
near future, investigation of pleural effusion fluid could be
important in selecting a chemotherapy regimen in patients
with advanced NSCLC.

BRAIN METASTASES
Lung cancer is the most common primary source of brain
metastases, which develop in 10%-64% of lung cancer
patients during the clinical course of the disease [11]. Even
among newly diagnosed, asymptomatic patients with poten-
tially operable NSCLC, routine brain scans identify brain
metastases in 3%-10% of patients [12]. It is believed that
the incidence of brain metastases is increasing as a result
of an aging population, better control of extracerebral dis-
ease by more active systemic therapy, and better detection
of small metastases following the development of imaging
modalities such as magnetic resonance imaging (MRI).
Two thirds of cancer patients found to have brain metas-
tases at autopsy had experienced neurologic symptoms
resulting from the metastases, with only 10% of patients
diagnosed by CT or MRI between 1973 and 1993 being
asymptomatic [13]. Symptoms include headache, focal
weakness, nausea, vomiting, and altered mental status, Sei-
zures occur in about 20% of patients with brain metastases.
‘When lung cancer patients are routinely screened, only 10%
present to the physician with symptoms of brain metastases
[12]. Thus, although the exact percentage is unknown, there
are many patients with NSCLC who have brain metastases
but no neurologic symptoms. The prognosis for patients
with brain metastases is influenced largely by PS, age, and
control of the primary and extracranial tumors. Whole brain
radiotherapy (WBRT), with or without stereotactic irra-
diation, has been the treatment of choice for most patients
with brain metastases, with a median survival time of 3-6
months after radiotherapy. This relatively short survival is
related to progressive systemic disease rather than the brain
metastases [11]. Therefore, systemic chemotherapy can be
administered in many patients with brain metastases and is
in fact important for their survival.
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Chemotherapy has not been thought to have a major
role in the treatment of patients with brain metasta-
ses because of a poor PS in many cases and the prevail-
ing belief that the blood-brain barrier (BBB) may play
a role in limiting delivery of chemotherapeutic agents
to the central nervous system. However. the accumula-
tion of contrast medium during CT or MRI assessments
and the development of edema surrounding metastatic
lesions suggest that tumor-induced vessels do not pos-
sess normal anatomical and physiological properties, and
the BBB at the site of established brain metastases may
be partly disrupted [14]. While one study demonstrated
that the concentration of cisplatin in the brain metasta-
ses of patients who received the agent before surgery did
not differ from that found in extracranial metastases [15],
another study found that paclitaxel concentration in brain
metastases was in the therapeutic range, while in brain
tissue the concentration was below the limit of detection
[16]. This observation is supported by objective response
rates of brain metastases Lo systemic chemotherapy of
27%-50% in previously untreated patients with NSCLC,
which are comparable to systemic response rates (Table
1) [17-23]. Gefitinib has also been shown to be effective
against brain metastases arising from NSCLC; objective
responses were obtained in 13 of 25 case reports of gefi-
tinib use in such patients [24]. Thus, systemic chemother-
apy is an important treatment option for NSCLC patients
with brain metastases, as long as a good PS is maintained
without neurologic symptoms.

3

The advantages of administering chemotherapy before
radiotherapy can be summarized as follows: (a) it is useful
to judge the tumor's response to chemotherapy; (b) radio-
therapy decreases blood supply to the tumor and thus may
hamper the ability of chemotherapeutic agents to reach the
metastases; and (c) chemotherapy delivered before radio-
therapy may be less toxic to the brain than chemotherapy
after radiotherapy, because radiotherapy may open the BBB
and allow the entry of potentially neurotoxic agents. Evi-
dence for this is available for methotrexate treatment, and
may also apply to other agents [25]. A randomized phase ITI
trial of cisplatin plus vinorelbine followed by WBRT (arm
A; n=86) versus the same chemotherapy with early concur-
rent WBRT (arm B; n=85) in NSCLC patients with brain
metastases showed that the respective intracranial response
rates evaluated after two cycles of chemotherapy were 27%
and 33%, and that the overall response rates were 21% and
20%. The median survival time was 5.5 months in arm A
and 4.8 months in arm B (p = .83). There was no difference
between the arms in terms of hematologic and neurologic
toxicities. These results suggest that chemotherapy is effec-
tive against brain metastases arising from NSCLC, and that
the timing (early or delayed) of WBRT does not influence
the survival of these patients [21].

BoNE METASTASES

Bone metastases are common in patients with lung cancer,
with an incidence of 30%-55% at autopsy. These metas-
tases are usually osteolytic, and are distributed mainly in

Table 1. Chemotherapy in previously untreated non-small cell lung cancer patients with brain metastases

Response rate (%)

Median survival time

Study Chemotherapy regimen  nofpatients  Intracranial  Systemic (months)
Minottietal.  CDDP+TNP 23 35 30 48
(1998)[17)

Crindetal. CDDP +IFM +MMC 120 39 23 NA
(1999) 18] CDDP+GEM 123 4 37 NA
Franciosietal. CDDP+ETP 43 30 75 74
(1999)[19]

Fujitaetal, CDDP+IFM+CPT 30 50 62 126
(2000) [20]

Robinetetal.  CDDP+VNR 86 27 35 5.5
(2001) [21]

Bernardoetal. CBDCA + VNR + GEM 20 45 45 76
(2002)[22)

Cortesetal, CDDP+PTX 4 VNR or 25 38 50 49

(2003) [23] GEM

Abbreviations: CBDCA, carboplatin; CDDP, cisplatin; CPT, irinotecan; ETP, etoposide; GEM, gemcitabine; IFM, ifosfamide;
MMC, mitomycin-C; NA, not available; PTX, paclitaxel; TNP, teniposide; VNR, vinorelbine.
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the spine, pelvis, ribs, and extremities. The most common
symptom of bone metastases is pain, which is either dif-
fuse or localized. It is characteristically described as dull
and constant in presentation, worsening at night. The pain
gradually increases in intensity, and can be exacerbated
by certain movements or positions, such as standing,
walking, or sitting [26]. However, up to 25% of patients
with bone metastases are free of pain, and patients with
multiple bone metastases typically report pain in only a
few sites. The factors that convert a painless lesion to a
painful one are unknown [27]. As bone destruction pro-
gresses, mechanical weakness and loss of structural
integrity lead to pathological fracture; spinal instability,
defined as mechanical instability in the spine related to
extensive bone destruction [28]; cord compression, and
hypercalcemia [26, 29]. The prognosis for patients with
bone metastases varies among the different tumor types.
The median survival time from diagnosis of bone metas-
tases in patients with prostate cancer or breast cancer is
measurable in years, whereas for lung cancer it is only
6—7 months [29]. The second most important prognostic
factor in patients with bone metastases is PS; the median
survival time for patients with a Karnofsky PS score of
<50, 50-70, or 80-100 who received radiotherapy to the
metastatic site was 2-3 months, 5 months, and 12 months,
respectively [30, 31].

Bone destruction and its complications severely limit
the activity and mobility of patients. For patients with a high
risk for these complications, radiotherapy is the treatment
of choice and orthopedic interventions may be necessary in
some cases |26, 29].

Pathologic fractures occur in 8%-30% of all cancer
patients, with the ribs, vertebrae, and long bones being the
most frequent fracture sites [26, 29]. A long-bone fracture,
especially when located at the proximal part of the femur,
has a detrimental effect on the quality of life of patients
with advanced cancer. Important factors in predicting an
impending fracture of the long bones are pain that is exacer-
bated by movement and radiographic findings such as a pre-
dominantly osteolytic appearance, a large lesion, and axial
cortical involvement [32, 33].

Spinal instability is the cause of back pain in 10% of
patients with advanced cancer [26]. It can cause unbearable
pain that is mechanical in origin, and frequently the patient
is only comfortable when lying still [26]. Neither radiation
therapy nor chemotherapy, even if successful in control-
ling the tumor, will alleviate the pain. As in the treatment
of pathological fractures of the long bones, stabilization of
the vertebral segments is required for pain relief [28]. How-
ever, major surgery is associated with significant morbid-
ity and mortality, and good results can be obtained only in

carefully selected patients. Percutaneous vertebroplasty
provides rapid and effective relief from the pain associated
with spinal instability.

Spinal cord compression occurs in 2%-5% of cancer
patients [34]. The incidence varies with the type of cancer,
and is 2.6% for NSCLC [35]. The cumulative incidence for
all cancers decreases with age: it is 4.4% for patients aged
40-50 years, 3.9% for patients aged 50-60 years, 2.9%
for patients aged 60-70 years, 1.7% for patients aged 70—
80 years, and 0.5% for those aged >80 years [34]. About
60%-80% of spinal cord compressions occur in the tho-
racic region, 15%-30% in the lumbar region, and 10% in
the cervical region. Multiple compression sites occurin
approximately 7%-14% of cases |26, 34]. Early diagnosis
and treatment are important for successful rehabilitation,
but 48%-96% of patients present with motor weakness,
bladder dysfunction, and inability to walk, In 83%-96% of
patients, the first symptom is pain at the affected site, which
may have been present from as little as 1 day to as long as
2 years, with a median duration of 8 weeks. It is generally
exacerbated by coughing, sneezing, and straining, and typi-
cally increases in intensity over several weeks. Thus, the
development of back pain in a cancer patient is a warning
sign for possible spinal cord compression [26, 34].

Asymptomatic patients with bone metastases are
potentially candidates for initial systemic chemotherapy,
unless they show no risk factors for structural complica-
tions in radiographic assessments. These patients have been
included in clinical trials of systemic chemotherapy: how-
ever, only limited information is available on the efficacy of
chemotherapy for bone metastases, mainly because it is dif-
ficult to assess response Lo treatment in the bone, and bone
metastases are defined as nontarget lesions in the Response
Evaluation Criteria in Solid Tumors [36]. In patients with
breast cancer, objective response rates of osteolytic lesions
to standard chemotherapy regimens vary in the range of
20%-60% [37]. There are currently no reports on the
objective response of bone metastases to chemotherapy in
patients with NSCLC, but pain relief has been observed in
30%-61% of NSCLC patients receiving cisplatin-based
chemotherapy, gemcitabine, or gefitinib [38-40].

Bisphosphonates, pyrophosphate analogues with a
phosphorus-carbon-phosphorus (P-C-P)-containing
central structure that promotes binding to the mineralized
bone matrix, provide an additional treatment strategy for
metastatic bone disease. Approximately 25%-40% of i.v.
administered bisphosphonates are excreted by the kidney,
and the remainder binds avidly to exposed bone mineral
around resorbing osteoclasts, leading to inhibition of bone
resorption and apoptosis of osteoclasts [26]. In addition
to clinical use for hypercalcemia of malignancy, bisphos-
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phonates are a routine treatment (o prevent skeletal-related
events (SRES) in patients with metastatic breast cancer and
multiple myeloma. A recent meta-analysis evaluating ran-
domized trials in these patients that lasted for 6 months or
longer showed that bisphosphonates led to a significantly
lower risk, versus placebo, for vertebral fractures (odds
ratio [OR], 0.69; 95% confidence interval [CI], 0.57-0.84),
nonvertebral fractures (OR, 0.65; Cl, 0.64-0.99), radio-
therapy (OR, 0.67; CI, 0.57-0.79), and hypercalcemia (OR,
0.54; C1, 0.36-0.81). In contrast, trials of <6 months’ dura-
tion did not show any significant results for any skeletal
morbidity outcome [41]. In patients with NSCLC, however,
the role of bisphosphonates in the treatment of bone metas-
tases has been less investigated. A recent phase 111 trial
of zoledronic acid. a new generation bisphosphonate that
has 100-1,000 times the potency of pamidronate in vitro,
showed that 4 mg zoledronic acid led to a significantly
lower annual incidence of SREs (1.74 per year versus 2.71
per year; p = .012) and longer median time to first SRE (7.8
months versus 5.1 months; p=.009) compared with placebo
in 773 patients with lung cancer and other solid tumors [42,
43]. There are no criteria regarding the indication and dura-
tion of bisphosphonate therapy in patients with NSCLC.
Evidence of bone destruction on plain radiographs, which
is suggestive of receiving a benefit of bisphosphonates in
patients with breast cancer [44], also may be an important
factor in patients with NSCLC.

The presence or absence of bone pain should not be a
factor in initiating bisphosphonates in patients with breast
cancer [44], but no reports are available on this issue in
patients with NSCLC. Because a relatively long duration of
treatment (>6 months) is required for patients to get a ben-
efit from bisphosphonates, patient prognosis is considered
another factor to determine the indication of this type of
agent [26].

TREATMENT ALGORITHM

Pleural effusions, brain metastases, bone metastases, and
their associated morbidities give rise to a vexing clinical
problem in patients with advanced NSCLC. Approaches
to treating these patients are illustrated in Figure 1. The
use of systemic chemotherapy depends on the symptoms

meummuwm 1

Figure 1. Treatment approaches for patients who have
advanced non-small cell lung cancer with local problems.

and PS of the patients. In addition, a risk assessment look-
ing at complications is critical in selecting which patients
should receive first-line systemic chemotherapy, although
factors predictive of these complications have not yet been
established. Chemotherapy has previously been consid-
ered to have only a limited role in the treatment of patients
with pleural effusions and brain and bone metastases, but
recently developed anticancer agents have been shown to
have substantial antitumor effects in patients with a good
general condition.
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Background and purpose: The treatment dose and fractionation dose that are considered in | perative
kelowds had been reported in the previous studies. We performed retrospective analysis to elucidate the
factors influencing the treatment outcome.

Materials and methods: From 1979 to 1994, 194 lesions in 119 patients received postoperative radiother-
apy after excision with the total dose ranging from 16 Gy/8 fr to 40 Cy/8 fr (mean: biologically effective
dose (BED) 33.5 Gy). Kilo-voltage X-rays (55 or 100 kVp) or electron beams (4 or 6 MeV), including entire
keloid scars, and any suture/puncture holes with a margin around the lesion were used. The median fol-
low-up period was 36 months (range | 2-164 months).

Results: Symptomatic pain and itching relief were achieved in 96% and 91%, respectively. The relapse rate
was 11% at 20 Gy in [ive fractions or higher , while 43% at less than 20 Gy. On the other hand, the
incidence of adverse effects was significantly higher for patients receiving more than 20 Gy in fjve frac-
tions.

Conclusion: There was a significant correlation between the relapse rate and the total dose of irradiation,
and between adverse effects and the total dose. To correlate local control and adverse effects, we pro-
posed 20 Gy in five fractions as the optimal dose for the postoperative of keloids. A significant correlation
between relapse rate and the interval time between excision and radiotherapy was not found in our cur-

rent study.

© 2009 Published by Elsevier Ireland Ltd. Radiotherapy and Oncology xxx (2009) xxx-xxx

There is no universally effective treatment method for keloids
and hypertrophic scars. The recurrence rates after surgical excision
alone vary from 50% to 80%, thus leading to the development of
many adjuvant 'a'ierapeurjc modalities [1], Several therapeutic
techniques have been tested, including continuous pressure after
surgery, corticosteroid injections [2], carbon dioxide laser [3],
NdYaG laser [4], silicone gel [5], retinoic acid [6], and silastic sheet
coverage | 7). However, these methods seem unsatisfactory for pre-
venting keloid recurrence; the recurrence rate is reported to be
above 50%,

The value of radiation therapy in the treatment of keloids has
been known for many years, In a randomized trial, Sclafani et al.
[8] observed a higher recurrence of keloids after surgery and ste-
roid injections than after surgery and radiotherapy. After the total
excision of keloids and hypertrophic scars, radiation therapy has
been demonstrated as one of the most effective treatment methods
to prevent recurrence, showing a recurrence rate around 20%
[9-12].
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School of Medical Soiences, Kumamoto Umiversity, 1-1-1 Honjo, Kumamato 860-
8556, Japan.

E-mail oddress:
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0167-8140/% - see front matter © 2009 Published by Elsevier Ireland Ltd.
doi:10,1016/j radonc 2008.12.018

In this study, we reviewed keloids treated with postoperative
radiotherapy in our hospital, and retrospectively analyzed in re-
gard to long-term control, symptomatic relief and adverse effects
to elucidate the factors influencing the treatment outcome.

Materials and methods
Fatients

From September 1979 to July 1994, 194 lesions in 119 patients
received postoperative radiotherapy at Kyoto University Hospital.
‘The characteristics of the patients and lesions are summarized in
Tables 1 and 2. All patients were Asian, 35 men and 84 women,
aged 4-75 years with a median age of 25 years. Fifty-seven of
the 164 lesions had been treated previously with surgical excision
and/or local steroid injection, but none had received radiotherapy
previously.

Treatment methods

The treatment parameters are summarized in Table 3. Various
dose schedules were used, with the total dose ranging from
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Table 1 Tahle 2
Characteristics of 119 patients. Characteristics of 194 keloids,
ber of p Number of keloids
Sex Previous treatment
Male 35 (=) 137
Female 84 (+) 57
Size (em)
wa 3 <20 10
L . 2038 “
20-29 44
60-79 26
30-39 10
8.0-99 23
ﬁ‘;: 1 10.0-14.9 26
e 150-19.9 17
5 205 14
To< 5
Median (range) 25 (4-75) o
L With high stretch tension 149
Keloid lesians ot o1
1 84 Chest wall 23
i 19 Arm 1n
3 : Back 7
5 ‘Without high stretch tension 45
& : Neck 15
7 ? Upper abdomen 1
Lower abdomen 10
12 ! Ear 4
Median (range) 1 (1-12) Lower fimbs 4
Face 1
Total 119 Etiology
Minor stimulations 109
Acne 44
Varicella 16
Vaccination 15
16 Gy in 8 fractions to 40 Gy in 8 fractions. The total treatment Insect wound ;’
time ranged from 5 days to 47 days, with a median of 9 days. u"n"m"“ 26
The interval from excision te irradiation ranged from 1 day to 72 Major stimulations 85
days, with a median of 7 days. Four fractions of 4 Gy in 5-10 days Surgery 48
were the most common treatment schedule for postoperative Burn 17
radiotherapy. Tabmmms: ‘;
In most cases, either 55 kVp (10 mA, 1.0 mm Be and 0.78 mm Al Yoi -
ota 1

filters) or 100 kVp (8 mA, 1.0 mm Be and 1.7 mm Al filters) X-ray at
a dose rate of/‘{-1 1 Gy/min was used. For only six lesions, 4 or
6 MeV electron beams were used. The choice of radiation source
depended on the height, size, and position of the lesion, The 90%
isodose target area included the entire postoperative scar and
any suture/puncture hole with a margin of 3-5mm around the
lesion. Non-target areas were shielded by an individually cut
1-2 mm lead sheet.

Evaluation of treatment response and adverse effect

The initial response to treatment was evaluated in all 194 le-
sions at the first follow-up examination (1-6 months after the
end of radiation treatment), Symptomatic relief was assessed if
the lesion had caused pain and/or itching before treatment. A judg-
ment of recurrence was made when the height of a lesion began to
increase even just a little.

The existence ol moderate to severe skin hyperpigmentation
and/for telangiectasis with depigmentation was regarded as a posi-
tive adverse effect. Mild or transitory pigmentation, which disap-
peared within a year after treatment and did not affect cosmesis,
was not regarded as a positive adverse effect.

Our follow-up policy for patients with keloids consists of 4
6-month observation for at least 2 years after radiotherapy. We
used telephone interviews for some patients who could not visit
our hospital. All keloids were enrolled in (he present study were
j’ ollowed up for 12 months or longer. The/}'olluw-up time ranged
from a minimum of 12 months to a maximum of 164 months, with
a median follow-up of 36 months.

Statistical analysis

In long-term recurrence rate and the positive adverse effect
rate, univariate analysis using the logrank test and multivariate
analysis using the Cox proportional hazard model were performed
with the following factors: gender, patient age, involved site, etiol-
ogy. keloid size, previous treatment, affliction time, interval from
excision, source of radiation, and total dose. Various dose sched-
ules were used, instead of the total dose, so we calculated biolog-
ically effective dose (BED) according to Kal et al. [13]. All
calculations were with Stat View | 5.0 software (SAS Institute Inc,
Chicago, IL). Differences with a p-value of less than 0.05 were con-
sidered statistically significant.

Results

Symptomatic relief is summarized in Table 4. ltching and pain
relief was achieved in 91% and 96% of symptomatic keloids,
respectively.

We calculated BED according to Kal et al. [13], and plotted the
control rates as a function of BED. We showed a dose-response
relationship in Fig. 1a. Long-term recurrence rates of | postoperative
keloids are shown in Fig. 1b, At 36 months, 64 of 194 keloids trea-
ted with excision and radiotherapy had relapsed (33%). The univar-
iate and multivariate analyses are shown in Table 5. Univariate
analysis showed that the recurrence rate was significantly higher
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