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A rara—nEfToTEL

HERT L, AR B EICL NS, ¥
Tal—Sa ML CT Miigebiizfrs. €
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volume : CTV), AWM (planning target
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volume : PTV) 2 CTV &F—&L7. —Ji VA
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250, WRTHLENHL, IMRT 2T
LT BOH@ERER (V=72 wLF)—72
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DEEN IMAT #E (1 @sL) 0
EH BR WM B5ER AN ENWE D95/E DI/E MH SHE BABE V26 &R BE  NENN
8 WE St G) @™ (A Gy (6 BEX (G (Gy) (o) X M~& (B
{ W® M# 39 13 74 46 49 5 23 25 02 &) G-uL 12
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Vo FANLIZLLHG AU ML, IMRT 77>
LIZ7A LR EH, EHR=OH TS FE—F
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HERH i EE T LMt E L, Bstidaz 3%
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EAEL ShRZoTEMIET LI TERV, B
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TralsEl NI THY), a/ f=2 Gy LT 5L04
THEE 2TV 2 30 Gy/10 @K, 1 ] 2
Gy #3¥1=T, 375 Gy I2HI%+ 2.
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Summary

Re-irradiation for spine metlastasis using intensily modu-
lated radiotherapy

We present our initial experience of 8 patients with
re-irradiation for recurrent spine metastases using
intensity modulated radiotherapy (IMRT) .

We evaluated dose volume parameters and clinical
outcomes. Median Dose to 95% volume of plannning
target volume was 23 Gy in 5 fractions. Maximum spi-
nal cord dose was median 2.3 Gy per fraction, Pain was
relieved in all patients. Local recurrence was occurred
in 2 patients. No radiation myelitis has been identified.

In conclusions. re-ivradiation using IMRT is feasible
and further follow-up is needed.

Hideyuki Harada et al

Division of Radiation Oncology
Shizuoka Cancer Center
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CONCURRENT CHEMORADIOTHERAPY FOR ESOPHAGEAL
CANCER WITH MALIGNANT FISTULA

Ryuta Koikg, M.D., Yasumasa Nisuimura, M.D., Pu.D., Kivosar Nakamatsu, M.D., Pu.D.,
SuuicH! Kanamori, M.D., Pu.D., anp Toru SHiBaTA, M.D., Pu.D.

Department of Radiation Oncology, Kinki University School of Medicine, Osaka, Japan

Background: We reviewed clinical results of chemoradiotherapy (CRT) in the treatment of patients with advanced
esopl cancer with fistulae that developed before or during CRT.

Methods and Materials: The study group included 16 patients with fistulous esophageal cancer treated by means of
CRT between 1999 and 2006. Nine patients had fistulae before CRT, whereas 7 developed fistulae during CRT. The
group included 12 men and four women with a median age of 55 years (range, 37-77 years). There were 9 patients
with Stage IIT disease and 7 with Stage IV disease. All tumors were sq cell carci Two courses of
concurrent chemotherapy were combined with radiation therapy; 60 Gy/30 fractions/7 weeks (1-week split).
For 15 patients, low-dose protracted chemotherapy with 5-fluorouracil (250-300 mg/m* » 14 days) and cisplatin
(7 mg/m* x 10 days) was administered, whereas full-dose cisplatin and 5-fluorouracil were administered to the
re patient.

Results: The planned dose of 60 Gy was delivered to 11 patients (69% ), whereas radiation therapy was terminated
carly in 5 patients (40-58 Gy) because of acute toxicities, including two treatment-related deaths. Disappearance of
fistulae was noted during or after CRT in 7 patients (44% ). All three esophagomedi: 1 fistul losed, but

were
only four of 13 esophagorespiratory fistulae were closed by CRT. For patients with Stage 111, 1- and 2-year survival
rates were 33% and 22%, respectively. Median survival time was 8.5 months.,

Conclusion: Despite significant toxicity, concurrent CRT appears effective at closing esophageal malignant

fistulae.  © 2008 Elsevier Inc.

Esophageal cancer, Chemoradiation, Esophageal fistulae.

INTRODUCTION

In patients with esophageal or pulmonary malignancies, for-
mation of an esophagorespiratory (ER) fistula, including
esophagotracheal and esophagobronchial (EB) fistulae, is
a serious complication with a dismal prognosis, If a malignant
ER fistula is left untreated, the patient soon develops pulmo-
nary infection and sepsis with & median survival time (MST)
from diagnosis of | to 6 weeks (1, 2). The presence of a ma-
lignant esophageal fistula historically was considered a rela-
tive contraindication to radiation therapy (RT), and RT alone
rarely was used for the treatment of a patient with a malignant
esophageal fistula. However, in one large retrospective anal-
ysis, RT significantly improved the survival rate compared
with supportive care only for patients with malignant ER
fistulae (2). In addition, transient closure of fistulae and occa-

sional long-term survivors with a reduced fraction size and
protracted RT were reported (3, 4).

For patients with locally advanced esophageal cancer, asig-
nificant improvement in local control and overall survival was
achieved with concurrent chemoradiotherapy (CRT) com-
pared with RT alone (5, 6). CRT was also effective for patients
with unresectable T4 esophageal cancer. Ohtsu ¢t al. (7) re-
ported a 3-year survival rate of 14% for patients with T4
esophageal cancer treated with definitive CRT of 60 Gy.
Our previous study of concurrent CRT with the protracted in-
fusion of cisplatin and 5-fluorouracil (5-FU) for patients with
T4 esophageal cancer with or without a fistula showed a
2-year survival rate of 27% for patients with Stage 111 disease
(8). In that study, two of five T4-fistulous tumors showed dis-
appearance of the fistula, although worsening or development
of an esophageal fistula was noted in 5 of 25 patients, Muto
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et al. (9) reported promising results of concurrent CRT for pa-
tients with malignant ER or esophagomediastinal (EM) fistu-
lae. Closure of fistulae after CRT was observed in 17 of 24
patients (719%) with an MST from diagnosis of the fistulae
of 198 days. They concluded that the presence of malignant
fistulae did not contraindicate CRT to give the best chance
for survival and palliation of dysphagia,

Based on our own experience and reports of the promising
effects of CRT on malignant esophageal fistulae, we treated
patients with advanced esophageal cancer with ER or EM fis-
tulae aggressively by using concurrent CRT. Here, we review
clinical results of CRT for the treatment of patients with
esophageal cancer with malignant fistulae that developed be-
fore or during treatment.

METHODS AND MATERIALS

Patient population

From January 1999 o May 2006, a total of 16 patients with
advanced esophageal cancer with malignant fistulae were treated
by using CRT at Kinki University Hospital (Osaka, Japan). Seven pa-
tients were included in a previous report of CRT for patients with T4
esophageal cancer with or without fistulae (8). Of 16 patients, 9 had
fistulae a1 presentation (Group A) and 7 developed fistulae during
CRT (Group B). There were 12 men and 4 women with a median
age of 35 years (range, 37-77 years). Thirteen patients had ER fistu-
lae and the remaining 3 patients had EM fistulae. According to the
2002 International Union Against Cancer tumor, node, metastasis
(TNM) classification,all patients had T4N1 disease, whereas 9 had
Stage 11, 3 had Stage TVa, and 4 had Stage IV disease. All tumors
were squamous cell carcinomas in terms of histologic characteristics.
Performance status (PS) for most patients was PS1 or PS2. Sites of
the primary tumor were the cervical esophagus in | patient, upper
thoracic esophagus in 6 patients, middle thoracic esophagus in 8 pa-
tients, and lower thoracic esophagus in 1 patient, Lengths of the pri-
mary tumors ranged from 6-14 cm, with a median of 9.5 cm. Five
patients had multiple esophageal lesions. One patient received sys-
temic chemotherapy before the start of RT.

All patients underwent physical examination, computed tomogra-
phy (CT) of the chest and abdomen, an upper gastrointestinal series,
and endoscopy of the esophagus. Assessment of fistulae was based
on leakage in the barium study or an apparent fistula on endoscopy.
For some patients with poor PS, only chest CT findings of the me-
diastinum and/or a lung abscess adjacent to the primary esophageal
tumor were regarded as indicative of fistulae formation.

RT and chemotherapy

Two courses of concurrent chemotherapy were combined with
RT of 60 Gy/30 fractions/7 weeks (1-week split at Week 4), Chemo-
therapy was given for patients with a serum creatinine level less than
1.5 mg/d|, creatinine clearance greater than 50 ml/min, white blood
cell count greater than 4,000/ul, and platelet count greater than
100,000/u!. For patients with fistulae, the possibility of worsening
of the fistula because of CRT and severe toxic effects associated
with CRT were fully explained before starting or continuing CRT.
For these patients, CRT was started or continued with total paren-
teral nutrition or nasogastric tube feeding.

For 15 patients, low-dose protracted infusion chemotherapy, cis-
platin 7 mg/m” » 10 days and 5-FU 250-300 mg/m” x 14 days, was
given, whereas full-dose chemotherapy, cisplatin 70 mg/m® % | day
and 5-FU 700 mg/m® x 5 days, was given 1o the remaining parient
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with distant This schedule was repeated twice every 4
weeks concurrently with RT. The RT was administered within 1
hour after administration of cisplatin for patients treated with low-
dose protracted infusion chemotherapy. After CRT, 2 courses of ad-
juvant chemotherapy with full-dose cisplatin/5-FU were given 10 4
patients in whom fistulae had disappeared.

Eithera 6-MV or 10-MV X-ray was used. The daily fractional dose
of RT was 2 Gy administered 5 days a week. Total RT dose was 60
Gy in 30 fractions, Because a | -week split was inserted after a dose of
30 Gy, overall treatment time was 7 weeks. The initial anterior/pos-
terior field for patients with Stages IIl and I'Va esophageal cancer in-
cluded the supraclavicular fossa and mediastinum, except for tumors
originating in the lower thoracic esophagus. For tumors originating in
the lower thoracic esophagus, the mnitial RT field included the supe-
rior mediastinum to the perigastric region. For patients with Stage IV
disease, the initial RT field included the primary tumor and nearby
involved lymph nodes with a 2-3-cm margin, At 40 Gy, CT simula-
tion was performed to reduce the RT field and exclude the spinal
cord, usually by using oblique opposed fields. For primary tumors
and involved lymph nodes, a margin of 1.0-2.0 cm in the craniocau-
dal direction or 0.5-1.0 em in the axial plane was added.

Chemotherapy was stopped if Grade 3 leukocytopenia or throm-
bocytopenia was noted. The RT was stopped if Grade 4 leukocyto-
penia or thrombocytopenia, Grade 4 esophagitis with a fever greater
than 38°C, or worsening of PS was observed. For patients who
developed fistulae during CRT (Group B), the possibility of worsen-
ing of the fistula because of CRT was fully explained. When the
patient’s consent was obtained, RT was not stopped for develop-
ment of fistula.

Criteria for response and toxicity

Local response was evaluated 2 to 4 weeks after CRT by means of
esophageal endoscopy and chest CT with contrast enhancement.
‘When endoscopy or chest CT indicated closure of fistulae, a barium
study was added. A complele response was defined as disappearance
of the tumor mass on the barium study. endoscopy, and chest CT. A
partial response was defined as 50-99% regression based on two-
dimensional measurement by means of CT, and no response, less
than 50% regression. Esophagography and/or endoscopy were
performed every 2 1o 4 months for asymplomatic patients, and
any clinically suspected tumor recurrence required biopsy and histo-
pathologic confirmation. The CT scans were obtained at 2 to 6-
month intervals and used to evaluate recurrence of primary tumors
and regional lymph nodes.

Acute toxicity was graded uging National Cancer Institute Com-
mon Toxicity Criteria (version 2,0).

Statistical methods

Overall survival was calculated from the first date of external RT.
Overall survival considered deaths from any cause. Survival was
plotted using the Kaplan-Meier method, with statistical significance
assessed by using log-rank test.

RESULTS

Table | lists clinical courses of patients with malignant
esophageal fistulae. When fistula formation was noted, all ex-
cept 2 patients had fever with or without pneumonia. All pa-
tients reported severe dysphagia caused by locally advanced
tumors, and only liquid or semisolid food could be ingested.
The planned dose of 60 Gy was delivered to 11 patients
(69%), whereas RT was terminated early for 5 patients
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Table 1. Clinical course of patients with malignant esophageal fistulae

Patient Age (y)/ Fistula Symptoms al RT CT Fistula Oral intake Survival
no. Sex PS Group Stage site fistula formation  dose (Gy) cycles closure  after treatment (mo)  Status
I iT™M 2 A 3 EB Fever, pneumonia 60 2 No  Possible by 4 DOD
a covered sten!
2 49M 1 A da ET Fever 40 1 No  Possible by 6 DOD
a covered stent
3 62M 3 A 4 EB Fever 40 1 No Impossible 2 TRD
- 68M | A 3 ET  No fever, uGIS only 60 2 No Solid 13 DOD
5 4TM 1 A 3 EM  Fever, pneumonia 60 242* Closed Solid 61 NED
6 5M 1 A da EM Fever 60 242* Closed Solid 11 DOD
7 S 2 A 3 EB Fever 60 2 Closed Semisolid 105 DOD
8 BM 1 A 3 EB Fever, pneumonia 60 2 Closed Solid 5 DOD
9 S9M 1 A 3 EB Fever 60 242*%  Closed Solid 85 DOD
10 5M 1 B 3 EB  Fever, pneumonia 60 2 No Impossible 6 DOD
11 5™ 0 B 4 EB Fever 60 2* No Impossible 3 DOD
12 S8M 1 B 4 ET  Fever, pneumonia 60 2 No Impossible - DOD
13 60/F | B da ET Fever, pneumonia 42 1 No Impossible 35 DOD
14 SIFF 2 B 4 EB Fever, pneumonia 58 1 No Impossible 2 TRD
15 soM 1 B 3 EM  Fever, pneumonia 60 2+2* Closed Solid 6.5 DOD
16 6IF 2 B 3 ET  No fever, uGIF only 50 2 Closed Solid 14 NED

Abbreviations: PS = performance status; RT = radiotherapy; CT = chemotherapy; ET = esophagotracheal; EB; esophagobronchial;
EM = esophagomediastinal, uGIS = upper gastrointestinal series; uGIF = upper gastrointestinal fiber scopy: DOD = dead of disease;

TRD = treatment-related death; NED = no evidence of disease.
* Full-dose chemotherapy.

(40-58 Gy) because of acute toxic effects, including 2 pa-
tients with treatment-related deaths (TRDs; 13%). For 12 pa-
tients (75%), two courses of planned chemotherapy were
combined concurrently with RT.

Table 2 lists acute toxic effects associated with CRT. He-
matologic toxicities were mild, and no patient showed Grade
4. The incidence of esophageal dysphagia related to RT was
high, and Grade 3 or greater toxicities were noted in 9 pa-
tients, including 2 with Grade 5. In terms of pulmonary tox-
icity, Grades 4 and 5 lung abscesses related to EB fistulae
were noted in 1 patient each. One patient showed Grade 4 he-
patic toxicity related to 5-FU therapy.

In the present study, worsening of esophageal fistulae was
noted in 5 of 16 patients, including 2 with TRDs (13%). In
Group B, esophageal fistulae occurred between 14 and 58
Gy of CRT (median, 22 Gy), and worsening of fistulae and
general condition as CRT continued were noted in 3 patients,
including 1 with TRD. In Group A, worsening of esophageal
fistulae and general condition were noted in 2 patients, in-
cluding 1 with TRD. Both patients with TRD had Stage IV
disease (TANIM1) and died of worsening of EB fistulae
with or without lung abscess. Both patients underwent one
cycle of low-dose protracted infusion chemotherapy concur-
rent with RT of 40 or 58 Gy.

Local response could not be evaluated for 3 patients for
whom RT was terminated at 40-58 Gy. Of the remaining
13 patients, 3 (23%) showed complete response, 9 (69%)
showed partial response, and 1 (8%) showed no response,

Disappearance of fistulae during or after CRT was
observed in 7 patients (44%). Five of 9 patients in Group A
and 2 of 7 patients in Group B showed disappearance of fistu-
lae by CRT. Similarly, 6 patients with Stage III disease and 1

with Stage IVa disease showed disappearance of fistulae. Re-
garding the site of fistulae, all three EM fistulae closed, but
only four of 13 ER fistulae closed by using CRT (Table 1).

Of 7 patients with closure of fistulae, complete regression
and local control were achieved in 2 patients at 14 and 61
months. For the remaining 5 patients, local recurrence with
or without fistulae was noted | to 5.5 months after closure
of fistulae. These 7 patients whose fistulae closed could eat
solid or semisolid food after CRT (Table 1). In addition, 2 pa-
tients without closure of fistulae could eat food after insertion
of a covered esophageal stent. One patient ate solid food after
CRT by his own responsibility, although the fistula was not
closed by using CRT.

All 16 patients were evaluated in terms of survival. Figure 1
shows survival curves for patients with Stages [11 and IV dis-
ease. As of July 2007, 14 patients died of the disease and 2

Table 2. Acute toxicities: National Cancer Institute Common
Toxicity Criteria, version 2

Grade

Toxicities 0 1 2 3 4 5
White blood cells r s 2 8 4 0 0
Hemoglobin 3 4 7 2 0 0
Platelet 13 1 1 1 0 0
Dysphagia® 5 1 1 5 2 2
Lung 6 3 5 0 1 1
Liver 15 0 0 0 1 0
Kidney 15 0 1 0 0 0
Skin 16 0 0 0 0 0
Oral mucosa 15 0 1 0 0 0

ia related to radiation.

Dvsphagia = N 14
J A ipa SRy Bryapriag
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Fig. 1. Overall survival curves after chemoradiotherapy (CRT) for
patients with esophageal cancer with malignant fistulae according 1o
stage. Median survival times (MSTs) for patients with Stages Il and
IV were 8.5 and 3.5 months, with a significant difference by means
of log-rank test (p = 0.0194), respectively,

were alive without evidence of disease. Follow-up periods for
surviving patients were 14 and 61 months. The 1-year and
2-year survival rates for 9 patients with Stage 1l disease
were 33% and 22%, respectively. The MSTs for patients
with Stages [T and IV were 8.5 and 3.5 months, respectively.
There was a significant difference by means of log-rank test
(p = 0.0194). Figure 2 shows survival curves for patients
with closed fistulae and those without closure of fistulac. A
significantly berter overall survival rate was observed for
patients with than without closure of fistulae (p = 0.0168).
Two of 7 patients with closure of fistulae survived more
than 1 year.

DISCUSSION

Most CRT trials for patients with advanced esophageal
cancer excluded tumors with fistulae (5-7, 10), and only
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Fig. 2. Overall survival curves for patients with closed fistulae and
those without closure of fistulse. A significantly better overall sur-
vival rate was observed for patients with than without closure of fis-
tulae (p = 0.0168).

a few studies reported results of CRT for patients with T4-
fistula esophageal cancer (8, 9, 11). For patients with T4
esophageal cancer, a high incidence of esophageal perfora-
tion was reported for RT or CRT. Ishida et al. (10) reported
that 6 of 45 patients (13%) with T4 umors andfor M1 lymph
nodes developed EB fistulae during CRT, and CRT was ter-
minated for these patients. The risk of esophageal perforation
may be inevitable when patients with T4 esophageal tumors
are treated with RT or CRT.

Ohtsu er al. (7) reported that three of five esophageal per-
forations observed during CRT were eventually closed by
continuing CRT. The same group reported the closure of
esophageal malignant fistulae after CRT in 17 of 24 patients
(71%) (9). In the present analysis, effects and toxicities of
CRT for patients with T4-fistula esophageal squamous cell
carcinomas were evaluated, and seven (44%) of the 16 -
mors with fistulae were closed. In addition, the overall sur-
vival rate was good enough for patiemts with closure of
fistulae (Fig. 2). Thus, it seems apparent that CRT is not con-
traindicated for patients with T4 esophageal cancer with fis-
tulac. Although most patients died of local recurrence
thereafter, they could eat for several months when the fistulae
closed, which improved their quality of life.

In the present analysis, all three EM fistulae were closed,
but only four of 13 ER fistulae (31%) were closed by using
CRT. Similarly, Muto ez al. (9) reported that closure rates
for EM and ER fistulae were 86% (six of seven fistulae)
and 65% (11 of 17 fistulae), respectively. Thus, EM fistulae
may be more controllable by using CRT than ER fistulae,

In addition, fistulae observed before treatment (Group A)
had a better rate of closure than those that developed during
reatment (Group B). This trend was also observed by Muto
et al. (9). Similarly, fistulae in patients with Stage 111 disease
had a better rate of closure than those in patients with Stage
IV disease. In this analysis, no patient with distant metastasis
showed fistulae closure by using CRT. This may be related
to the poor general condition of patients with Stage IV
disease.

In the present study, low-dose protracted infusion of 5-FU
and cisplatin were combined with full-dose RT of 60 Gy for
most patients. The purpose of the protracted infusion chemo-
therapy was to obtain a maximum radiosensitizing effect
without rapid depopulation of massive T4 tumors by full-
dose chemotherapy (8, 12, 13). Muto et al. (9) also used pro-
tracted infusions of 5-FU and cisplatin. Ahmed er al. (11)
reported that malignant esophagotracheal fistulae disap-
peared completely in 4 of 5 patients treated with 5-FU (400
to 600 mg/m?) by protracted continuous infusion and RT of
60 Gy. To avoid rapid depopulation of massive T4 fistulous
tumors, this protracted infusion method may be effective.

In addition, a 1-week split was inserted after 30 Gy was de-
livered in our protocol. Muto et al. (9) used a 2-week split of
RT. The rate of compliance in the present series was rela-
tively high, considering that it included patients with Stage
IV disease and poor PS. This high compliance rate may be
attributable to the split period of RT. For RT alone, it was
reported that a reduced fraction size and protracted RT might

_3['}9_
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be effective for closure of fistulae (3, 4). This somewhat pro-
tracted treatment period may contribute to the closure of
fistulae.

In the present study, both patients with TRDs had distant
metastasis at presentation, and their general condition was
poor (PS2 and PS3). We believe that such deteriorated
patients should not be treated with concurrent CRT, and

Volume 70, Number 5, 2008

use of a covered esophageal stent may be appropriate for
them (14).

Despite its significant toxicity, this concurrent CRT proto-
col involving protracted infusion of 5-FU and cisplatin ap-
pears feasible and effective at closing esophageal malignant
fistulae, especially in patients in a good general condition
and without metastasis.
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Abstract

Background. The aim of this article is to report the treat-
ment outcomes, toxicities, and dosimetric feasibility of our
simultaneous-boost intensity-modulated radiotherapy (S1B-
IMRT) protocol.

Methods. Thirteen patients with malignant gliomas treated
between December 2000 and September 2004 were enrolled
in this study. Two planning target volumes (PTVs) were
defined in the present study. Our IMRT regimen delivered
70Gy/28 fractions (fr)/daily; 2.5Gy to the gross tumor
volume (GTV) with a 0.5-cm margin, defined as the PTV-G,
and 56 Gy/28 fr/daily, with 2.0 Gy to the surrounding edema,
defined as the planning target volume annulus (PTV-a).
Eleven of the 13 patients received one or two courses
of nimustine hydrochloride (ACNU) (100 mg/m*) and vin-
cristine (1.2mg/body) and interferon-p (3 x 10° units) three
times weekly during the period of radiotherapy. Adjuvant
chemotherapy, ACNU (I[lﬂmgjm’] and vinenistine (1.2mg/
body), was repeated every 6 weeks and interferon-p was
repeated every 2 weeks. The treatment outcomes, toxicity,
and dosimetric feasibility were assessed.
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Results. All the patients experienced tumor recurrence.
The median progression-free survival times for patients
with grade III tumors and glioblastome were 7.5 and 8.0
months, respectively. The 1-year and 2-year overall survival
rates for all the patients were 77% and 31%, respectively.
Four patients experienced acute grade 1/2 toxicities during
the treatment. No late toxicity related to radiotherapy
has been seen. Analyses with dose-volume histograms
confirmed excellent conformity of dose distributions in the
two target volumes, PTV-G and PTV-a, with the sparing of
organs at risk.

Conclusion. Our IMRT regimen did not prevent tumor
progression. However, the ability of IMRT to deliver highly
conformative doses to two contiguous targets, GTV and the
surrounding edema, justifies its application to malignant
gliomas.

Key words Intensity-modulated radiotherapy - Simultane-
ous integrated boost technique - Malignant glioma

Introduction

Postoperative external radiotherapy has been recom-
mended as standard treatment for malignant glioma.
However, most patients experience local recurrence, and
the prognosis of patients with this tumor remains dismal.'
Intensity-modulated radiotherapy (IMRT) has proved
itself to have many advantages over conventional radio-
therapy. The ability of IMRT to deliver a highly confor-
mative dose of irradiation to the target while sparing
surrounding tissues has promoted its application to dose-
escalation studies for patients with prostate cancer.”
Another unique application of IMRT is the simultaneous-
boost (SIB) technique, which can deposit a dose gradient
between regions of gross tumor involvement and regions of
microscopic tumor involvement or a lymph node chain. At
many cancer centers, head and neck cancers have been
treated with IMRT using this dose-painting technique
(SIB-IMRT).** In the ongoing protocol Radiation Therapy
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Oncology Group (RTOG) 0022, with each fraction, the
lymph node groups or surgical neck levels at risk of subclini-
cal metastases received 1.8Gy, for a total of 34 Gy, and the
primary tumor and lymph nodes containing clinical or
radiographic evidence of metastases at the same time
received 2.2 Gy, for a total of 66 Gy.

We used SIB-IMRT to deliver an entire course of treat-
ment to patients with malignant glioma. Our initial experi-
ence with six patients showed local recurrence in five
patients within 7 months of the start of radiotherapy,
although, concerning dosimetry and early toxicity, the fea-
sibility of our protocol was confirmed." The clinical out-
comes of SIB-IMRT for malignant glioma have been
reported.”" In a study reported by Iuchi et al.,” the follow-
ing hypofractionation regimen was used; in 8 fractions, 48—
68 Gy was delivered 1o the area of enhancing lesion with a
5-mm margin, 40 Gy was delivered to the area with a 15-mm
margin, and 32 Gy was delivered to the area of the peritu-
moral edema. In a study by Sultanem et al." 60Gy was
delivered to the gross tumor volume (GTV) and 40Gy to
the planning target volume (PTV), defined as the GTV +
1.5-cm margin by SIB-IMRT,

There have been few studies of SIB-IMRT for malignant
glioma. In addition, in those studies that have been pub-
lished, the total doses and number of fractions varied. To
evaluate the feasibility and efficacy of SIB-IMRT for treat-
ing malignant glioma, more prospective studies are needed.
Therefore, we have reported the updated results of a
prospective trial for treating malignant glioma using
SIB-IMRT.

Patients and methods
Eligibility criteria

The eligibility criteria included 20-75 years of age and
Eastern Cooperative Oncology Group performance status
of 0-2. Patients previously treated with radiotherapy were
excluded. Patients with major heart or infectious disease
were also excluded. This pilot study was reviewed and
approved by the Institutional Review Board, Kinki Univer-
sity School of Medicine, Japan. Written informed consent
was obtained from all the patients.

Patient characteristics

Between December 2000 and September 2004, 13 patients
with histologically confirmed malignant gliomas underwent
IMRT at the Department of Radiation Oncology, Kinki
University School of Medicine. Patient characteristics are
summarized in Table 1. There were seven men and six
women with a median age of 56 years (range. 20-71 years)
at the time of IMRT. Tumors included ghoblastome (GBM;
n = 8), anaplastic astrocytoma (AA; n = 4), and anaplastic
oligodendroglioma (AO: n = 1). Except for 2 of the patients
with AA who were diagnosed by biopsy, all patients had
pathologically diagnosed malignant gliomas and were

Table 1. Patient and tumor characteristics

Total number of patients 13
Sex

Male 7

Female 6
Age (years) 27-71 (median, 56)
Histology

Glioblastome 8

Anaplastic astrocytoma 4

1

Anaplastic oligodendroglioma
Performance status (ECOG)

o ¢

1 4

2 7

treated with IMRT following tumor resection. A gross total
resection was performed in 8 patients and a subtotal resec-
tion in 3 patients.

Target volume delineation

Following the recommendations of the International Com-
mission on Radiation Units and Measurements (ICRU)
report number 50," the gross tumor volume (GTV) and the
clinical target volume (CTV) were delineated on axial com-
puted tomography (CT) images. The GTV was defined
using contrast-enhanced tumors on contrast-enhanced CT
images. If the gross tumor was resected, the area where the
brain tumor had existed on the contrast-enhanced magnetic
resonance imaging (MRI) scan obtained before surgery was
outlined as the GTV, The CTV was defined as the GTV
plus a 2-cm margin. The margin was expanded to include
edema beyond 2cm from the GTV or contracted to the
anatomical defense such as intracerebral fissures or tento-
rium cerebelli.

Two planning target volumes (PTVs) were defined in the
present study. The PTV-G was defined as the GTV plus a
0.5-cm margin. The PTV-annulus (PTV-a) was delineated
by subtracting the PTV-G from the CTV plus a 0.5-cm setup
margin. In the present study, the PTV-G and the PTV-a
were treated as two separate targets with IMRT at different
fraction sizes. We have already reported the details of the
target volume delineation in this clinical trial, in which the
contouring of PTV-G and PTV-a was graphically
demonstrated.*"”

Treatment planning

A commercial treatment-planning system (Cadplan Helios
ver.6.01; Varian Associates, Palo Alto, CA, USA) was used.
The IMRT beam arrangements consisted of five coplanar
beams. The five beams were equally spaced at 72° intervals
following gantry angles of 20°,92°, 164°, 236°, and 308°, The
prescribed doses delivered to the PTV-G and the PTV-a
were 70Gy in 28 fractions (fr) and 56 Gy in 28fr, respec-
tively. Daily fractions of 2.5 Gy and 2.0Gy were prescribed
for the PTV-G and the PTV-a, respectively. The treatment
goals were as follows; (1) the doses delivered to 95% volume
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Table 2. Starting template for dose constraints and penalties for largets
and organs at risk

Targets Dose constraints and penalties
Max (Gy)/Penalty Min (Gy)/Penalty
PTV-G TLAM00 68.6/100
PTV-a 64-T0O/100 53.2/100
OARs
Brain Max 54/80 ND
D, 45/80
D,, 45/81
Brain stem Max 54/80 ND
Dy, 42/80
D, 38/80
Eye (retina) 40/90 ND
Optic nerve
Lens 6/90) ND
Pituitary gland 3090 ND
Max, maxi Min,

PTV, planning target volume; OARs, organs al risk;

Dy, dose delivered to 33% of the brain or brain stem;

D, dose delivered to 66% of the brain or brain stem; ND, not
defined

(Dy) of the PTV-G and PTV-a were greater than the pre-
scribed doses, (2) the dose delivered 1o 5% volume (Dys) of
the PTV-G was less than 77 Gy, i.e., 110% of the prescribed
dose delivered to the PTV-G, and (3) the D, of the PTV-a
was less than the prescribed dose delivered to the PTV-G
(70Gy).

The optimization process in inverse planning is the
automated generation of beam intensity distributions by
adjusting the difference between the planner-defined dose
constraints for the targets or the organs at risk (OARs) and
the actual dose according to the weighted penalties.” The
first step determined by the treatment planner was to input
the maximum and minimum dose constraints for the targets
and the maximum dose constraints or the dose-volume con-
straints for the OARs. Table 2 shows the starting template
for the dose constraints and the penalties of the targets and
the OARs. The maximum and minimum dose constraints
for the PTV-G were 714Gy and 68.6 Gy (£2% of the pre-
scribed dose to the PTV-G), respectively. The maximum
dose constraint for the PTV-a was adjusted with a range of
64-70Gy in each case to accomplish the treatment goal.
The minimum dose constraint for the PTV-a was 53.2Gy
(95% of the prescribed dose). The final step of the treat-
ment planning was the normalization of the dose intensity.
The treatment plan was normalized to enable delivery of
the prescribed dose to 95% volume (Dy) of the PTV-G
according to the treatment goal. If the treatment plan did
not fulfill the other treatment goals or a dose higher than
that tolerable was delivered to the OARs, the optimization
process was repeated with modification of the dose con-
straints or penalties of the targets and OARs.

Treatmen! delivery

Treatment was delivered using dynamic multileaf collima-
tion (DMLC) on a Clinac-600C accelerator (Varian Associ-

ates) equipped with a 40-leaf dynamic multileaf collimator.
A beam energy of 4-MV X-rays was used. The daily treat-
ment time was about 15-20min. Details of the quality assur-
ances (QA) in the present study have been described in our
previous report.’

Chemotherapy

Eleven of the 13 patients received one or two courses of
nimustine hydrochloride (ACNU) (100mg/m®) and vineris-
tine (1.2mg/body) and interferon-p (3 x 10° units) three
times weekly during the radiotherapy. Adjuvant chemo-
therapy, ACNU (100mg/m®) and vincristine (1.2mg/body),
was repeated every 6 weeks and interferon-B was repeated
every 2 weeks.

Dose-volume histogram (DVH) analysis

Dose-volume histograms of the PTV-G, PTV-a, and OARs,
including the brain, eye (retina and optic nerve), and lens
were analyzed. For the PTV-G and PTV-a, the Dy and Dy
were recorded to evaluate conformity and homogeneity of
the targets, and the mean doses were also evaluated. For
the OARs, the maximum doses were evaluated.

Endpoints and follow-up

The primary endpoint in this pilot study was the progres-
sion-free survival (PFS) time. Secondary endpoints included
treatment toxicity, failure patterns (local or distant), and
overall survival (OS) times. All the patients were evaluated
at least once per week during radiotherapy. The patients
were followed every 1-2 months for the first 6 months, and
every 3 months thereafter. MRI with contrast enhancement
was usually evaluated every 3 months. Radiation Therapy
Oncology Group (RTOG) neurotoxicity scores were used
to evaluate acute and late toxicities” In addition, other
acute toxicities were graded using the National Cancer
Institute Common Toxicity Criteria (version 2.0). Survival
was calculated from the start of IMRT until death or last
follow-up, according to the Kaplan-Meier method.

Results

Treatment outcome

Time to disease progression and OS time were measured
from the first day of the IMRT treatment. At the time of
this analysis, 29 months had passed since the first day of the
treatment of the last-enrolled patient in the present study.
The median follow-up time for all the enrolled patients was
17 months. Two patients with GBM and one with AA
remain alive, with follow-up times of 30 months, 48 months,
and 41 months, respectively. All the patients experienced
tumor recurrence. The PFS curves for all the patients are
demonstrated in Fig. 1. The 1-year PFS times for patients



Table 3. Dosc-volume histogram (DVH) analyses for planning target volumes (PTVs)

PTV-G

PTV-a

Average + SD

(Range)

Average + SD (Range)

Volume (cc)
Maximum dose (Gy)
Mean dose (Gy)
Minimum dose (Gy)
D, (Gy)

Dy (Gy)

Vi (%)

106.2 £ 50.6
765%15
724105
651127
74508
699102
2991204

(31.6-184.1)
(74.8-79.4)
(71.3-73.1)
(57.0-67.0)
(73.1-75.9)
(69.3-70.1)
(98.5-100.0)

2409 £ 894
TAT£1a
6191 1.1
515+21
68008
571211
o0

(93.1-394.4)
(713-742)
(59.6-63.2)
(47.7-56.0)
(66.4-69.5)
(55.4-58.9)
(99.5-100.0)

Dy, the dose delivered to 5% of the PTV-G or PTV-a;
Dy, the dose delivered to 95% of PTV-G or PTV-a; V,,, the volume that receives 95% of the

prescribed dose

Survival rate
© o o =
L, . T

Time (months)

Fig. 1. Progression-free and overall survival rates in all the patients
with high-grade gliomas

with grade II1 tumors (AA;n =4 and AO; n = 1) and GBM
(n = B) were 20% and 25%, respectively. The 2-year PFS
times for those with grade Il tumors and GBM were 0%
and 13%, respectively. The median PFS times for those with
grade 111 tumors and GBM were 7.5 months (range, 4-13
months) and 8.0 months (range, 0-29 months), respectively.
Twelve patients (92%) experienced local recurrence in the
radiation field. Local recurrence arose in nine patients with
PTV-G and in three patients with PTV-a. Recurrence in
the brain outside the radiated region was noted in one
patient.

In this pilot study, because no restriction was imposed
on the treatment of the recurrent tumors, seven patients
(54%) received further treatment. Four patients received
gamma-knife radiosurgery: two, boron neutron capture
therapy (BNCT) following surgical resection; and one, sur-
gical resection alone. The OS curves for all the patients are
shown in Fig. 1. The l-year and 2-year OS rates for all the
patients were 77% and 31%, respectively. The 1-year and
2-year OS rates for GBM patients were 75% and 25%,
respectively. The 1-year and 2-year OS rates for patients
with grade 111 tumors were 80% and 40%, respectively.

Toxicity

One patient’s treatment was interrupted for 47 days due to
loss of consciousness following the PTV-G; this patient had
received 37.5Gy (15fr). A causal relationship between this
adverse event and the radiotherapy was unclear. Twelve
patients completed the scheduled radiotherapy without
interruption. Four patients experienced acute grade 1/2 tox-
icities during the treatment. One patient experienced
headaches scored as grade 1 toxicity, and three patients
experienced grade 2 toxicity, including seizures and vomit-
ing, and required medication with a steroid and antiseizure
agent. No late toxicity related to the radiotherapy has been
seen. No radiation-induced necrosis was observed in any of
the patients.

Dose-volume histogram (DVH) analyses

Table 3 summarizes the treatment volumes and DVH
parameters, including the maximum, mean, minimum, D,
and Dy, doses, and V% for the PTV-G and PTV-a. Because
the treatment goal was that 95% volumes of the PTV-G and
PTV-a be received as prescribed doses (70 Gy for the PTV-
G, 56Gy for the PTV-a), the average Dy doses for the
PTV-G and PTV-a were 69.9 and 57.1 Gy, respectively. The
DVHs for the PTV-G, PTV-a, and brain of a representative
patient are shown in Fig. 2.

Table 4 shows the DVH parameters for organs at risk.
The average DVH parameters delivered to the organs at
risk were lower than the dose constraints (Table 2), except
for the left lens. However, the average maximum dose deliv-
ered to the left lens, 7.0Gy, was acceptable in the clinical
situation, and no toxicity related to visual acuity was
observed.

Discussion

Our regimen, delivering 70 Gy in 28fr to PTV-G and 56 Gy
in 28fr to PTV-a, provided no advantage in preventing
recurrence of the tumor. The median progression-free sur-
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Table 4. Dose-volume histogram (DVH) analyses for organs at risk (OARs)

Average £ SD Range

Brain

Mean dose (Gy) 25.7%6.1 (15.1-37.8)

Dy (Gy) 522%25 (47.8-55.8)

D, (Gy) 325+72 (21.046.3)

D (Gy) 17.1 £9.0 (2.1-329)
Brain stem

Maximum dose (Gy) 429%209 (21.3-60.8)
Right eye (retina and optic nerve)

Maximum dose (Gy) 169+ 8.1 (12-30.4)
Right lens

Maximum dose (Gy) 52+29 (13-9.0)
Left eve (retina and opiic nerve)

Mauximum dose (Gy) 2161155 (2.1-48.3)
Ledt lens

Maximum dose (Gy) 704£43 (1.3-12.0)

Dys. dose delivered to 5% of the brain;

Dy,. dose delivered to 33% of the brain; Dy, dose delivered 1o 66% of the brain

100 [y

-

& 8 8
—
/

Percent volume (%)
S
7
'3
)
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.
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o

0 40 20 30 40 50 60 70 80
Dose (Gy)

Fig. 2. Dose-volume histograms for the planning target volume (PTV)-
G, PTV-a, and brain of a representative patient. See text for definitions
of PTV-G and PTV-a

vival (PFS) times for patients with grade III tumors and
GBM were 7.5 and 8.0 months, respectively. For 12 patients
(92%), the tumors recurred in the radiation field. There
have been few available reports on IMRT for malignant
glioma.”"" The treatment outcomes published from five
institutes, including ours, are summarized in Table 5. In
four studies, SIB-IMRT was carried out to deposit a dose
gradient between the GTV and its peripheral region includ-
ing edema. The given doses per fraction ranged from 1.8 Gy
to 8.5Gy. In four of the five studies, including ours, the
SIB-IMRT failed to improve local control and the survival
rate. One regimen, that used by luchi et al.,” provided excel-
lent local control (1-year PFS, 71.4%; 2-year PFS, 53.6%)
and survival advantages (l-year OS, 71.4%: 2-year OS,
55.6%).

According to the report of Tuchi et al.,’ the PFS and OS
in the IMRT group compared favorably, in their experi-
ence, with conventional fractionation (60-72Gy in 2.0-Gy
fractions): as shown in Table 5, the total equivalent doses
delivered to the GTV with their regimen were much higher
than those in the other studies. When calculating the

effective dose equivalent to standard fractionation (2.0Gy
per fraction), the value of the wP coefficient should be
determined with caution. As Floyd et al.” discussed in their
report, malignant gliomas are relatively radioresistant and
respond like a late-responding tissue. They adopted an o/
coefficient of 1.5 for malignant glioma and made a compari-
son of effective doses between their study and other studies.
We agree with using an o/ coefficient of 1.5 for malignant
glioma, and we calculated the equivalent dose in the 2.0-Gy
fraction, as shown in Table 5. The calculated total equiva-
lent dose of 103-194 Gy-Eq in the 2.0-Gy fraction in the
study of Tuchi et al.” was much higher than that in the other
studies (range, 56-93 Gy-Eq); the marked intensification of
dose delivered to the GTV in their study may explain their
excellent treatment outcomes.

Our DVH analysis confirmed excellent conformity in
target coverage for both PTV-G and PTV-a, while sparing
organs at risk. As shown in Table 3, the calculated DVH
parameters for the two target volumes in all the patients
were distributed within a small range and with small SDs.
As discussed in the report of Narayana et al.' an oval or
spherical-shaped glioma may exhibit excellent conformity
and dose uniformity compared to the concave or compli-
cated target volumes in head and neck tumors; although the
SIB method was not adopted in their study, the results of
our study confirmed the advantage of IMRT in delivering
the prescribed dose to the two contiguous targets with good
conformity and uniformity. According to the report of
Narayana et al.,"" IMRT contributes to a moderate decrease
in the dose delivered to critical structures in the brain com-
pared to three-dimensional (3D) conformal radiotherapy
(CRT). Chan et al."* demonstrated that SIB-IMRT could
deliver a higher dose to the GTV compared to 3D-CRT
without elevating the dose delivered to organs at risk.

In our study using the 2.5-Gy fraction dose, no radiation-
induced necrosis was observed. The large fractionated
doses, 5.0-Gy and 8.0-8.5-Gy, used in the studies of Floyd
et al.” and luchi et al.,’ caused necrosis in 12%-15% of the
patients. However, necrosis may not be a dose-limiting
toxicity (DLT) in the treatment of malignant gliomas with
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Table 5. Ti outcomes of IMRT for malig gliomas
Series n Radiation dose Equivalent dose  Treatment oulcomes
{a/f =15, in
2-Gy fractions)
Sultanem et al.” 25 GBM. 25 60Gy20fr (GTV) 77Gy-Eq 1-Year OS, 40%: 2-year 08, 0%
40Gy20fr (peripheral volume: MST, 9.5 months
within 1.5¢m from GTV)
Floyd et al’ 20 GBM.20 50Gy/10fr (GTV) 93Gy-Eq MST, 7 months
30GyN0fr (edema) 39Gy-Eq
Narayana et al."" 38 GBM., 41; 59.4-60Gy/30-33[r 56-60Gy-Eq GBM: 1-year PFS, 0%: 2-year PFS, 0%
grade I11 17 (GTV + 2.0cm)
1-Year OS, 30.0%; 2-year OS, 0%
Grade II1: 1-year PFS, 21.8%; 2-year PFS, 10.8%
1-Year OS, 86.3%; 2-vear OS, 61.6%
Tuchi et al.” 25 GBM, 23; 45-68Gy/8fr (GTV + 0.5cm) 103-194Gy-Eq  GBM: 1-Year PFS, T1.4%: 2-year PF5, 53.6%
rade I11 2
2 40 Gy/Bfr (peripheral volume: 74 Gy-Eq 1-Year OS, 71.4%; 2-year 08, 55.6%
within 2.0em from GTV)
32Gy/8ir (edema) S0Gy-Eq
Currrent study 13 GBM, 8; T0Gy28fr (GTV + 0.5cm) B0 Gy-Eq GBM: 1-year PFS, 25.0%; 2-year PFS, 13.0%
grade I1L, 5
56 Gy/281r (peripheral volume: 56Gy-Eq 1-Year OS, 75.0%; 2-year 08, 25%

within 2.0em from GTV)

Grade 111 1-year PFS, 20.0%; 2-year PFS, 0%
1-Year OS, 80.0%; 2-year OS, 40.0%

GBM, glioblastome; GTV, gross tumor volume; OS, overall survival; MST, median survival time; PFS, progression-free survival

radiotherapy. because long-term survivors exist among
patients who experience radiation-induced necrosis.”"*

In conclusion, our treatment regimen, the delivery of
70Gy in 28 fractions to the GTV and 56 Gy in 28 fractions
to the peripheral region, did not prevent tumor progression,
However, IMRT can deliver prescribed doses to two con-
tiguous targets with almost the same distribution and
uniformity and can keep the doses to organs at risk (OARs)
below the tolerable doses. Although our fractionation
schedule was not effective for malignant gliomas, hypofrac-
tionated SIB-IMRT with a large fraction for GTV seems to
be a promising strategy for malignant gliomas.
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Abstract

Objective To determine an appropriate threshold value
for delineation of the target in positron emission tomog-
raphy (PET) and to investigate whether PET can delin-
eate an internal target volume (ITV), a series of phantom
studies were performed.

Methods An ellipse phantom (background) was filled
with 1028 Bg/ml of [“F] fluoro-2-deoxyglucose (""FDG),
and six spheres of 10mm, 13 mm, 17 mm, 22 mm,
28 mm, and 37 mm in diameter inside it were filled with
*FDG activity to achieve source-to-background (S/B)
ratios of 10, 15, and 20. In static phantom experiments,
an appropriate threshold value was determined so that
the size of PET delineation fits to an actual sphere. In
moving phantom experiments with total translations of
10 mm, 20 mm, and 30 mm and a period of oscillation
of 45, the maximum size of PET delineation with the
appropriate threshold value was measured in both the
axial and sagittal planes.

Results In the static phantom experiments, the mea-
sured maximum "FDG activities of spheres of less than
22 mm were lower than 80% of the injected "FDG activ-
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ity, and those for the larger spheres ranged from 90% to
110%. Appropriate threshold values determined for the
spheres of 22 mm or more ranged from 30% to 40% of
the maximum "FDG activity, independent of the S/B
ratio. Therefore, we adopted an appropriate threshold
value as 35% of the measured maximum ""FDG activity.
In moving phantom experiments, the maximum "FDG
activity of spheres decreased significantly, dependent on
the movement distance. Although the sizes of PET delin-
eation with 35% threshold value tended to be slightly
smaller (<3 mm) than the actual spheres in the axial
plane, the longest sizes in the sagittal plane were larger
than the actual spheres.

Conclusions When a threshold value of 35% of the mea-
sured maximum "FDG activity was adopted, the sizes
of PET delineation were almost the same for static and
moving phantom spheres of 22 mm or more in the axial
plane. In addition, PET images have the potential to
provide an individualized ITV.

Keywords Phantom experiments - Appropriate
threshold values - Positron emission tomography
(PET) - Radiation treatment planning - Internal target
volume (ITV)

Introduction

Positron emission tomography (PET) is used for various
purposes including the staging of tumors and prediction
of a tumor's response to irradiation [1-5]. Notably, for
staging in non-small-cell lung cancers (NSCLCs), PET/
computed tomography (CT) imaging is now considered
to be the most accurate method [1, 2]. In recent years,
there have been many reports that PET/CT is diagnosti-
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cally significantly more accurate than PET alone because
PET/CT can correlate functional images and anatomical
structures more precisely than PET alone [6-10].

Positron emission tomography/computed tomogra-
phy is also useful for radiation treatment planning (RTP)
in patients with NSCLC, esophageal carcinoma, head
and neck cancer, etc. [11-17]. In the delineation of the
gross tumor volume (GTV), [*F] fluoro-2-deoxyglucose
(""FDG)-PET/CT images can significantly reduce inter-
observer variation [18]. Faria et al. [11] and Erdi et al.
[19] reported that RTP based on CT and PET fusion
images was useful for delineating tumors from atelecta-
sis in patients with NSCLC. PET/CT also has a major
impact on decisions regarding the management of the
patient with NSCLC [20].

The size of PET delineation changes significantly
dependent on its threshold value, and the PET image
affects the target delineation clinically. There have been
many clinical and phantom studies on appropriate
threshold values for PET images [21-32] (Table 1). Erdi
et al. [21] reported that 36%—44% of the maximum FDG
activity was appropriate for delineating target volumes
larger than 4 ml in a static phantom study. Recently,
thresholds calculated by more complex algorithms con-
taining the mean activity of spheres and background
activity were proposed [26-28] (Table 1).

The planning target volume (PTV) contains margins
for internal motion and setup error. For lung tumors,
respiratory motion is the major contributor to internal
motion. At the present time, CT simulation is standard
for RTP. Because CT provides only snapshot images of
a moving tumor, conventional CT images cannot reflect
the internal motion. On the other hand, it takes a few

minutes to acquire PET images. Thus, PET images are
influenced by internal motion, and have the potential to
delineate an internal target volume (ITV). Although
there are several reports on moving phantom experi-
ments [22, 23, 29], only one study described the benefit
of PET images to delineate ITV [23). However, appropri-
ate threshold values for moving phantom have never
been reported. In the present study, to determine an
appropriate threshold value for target delineation in
PET images and to investigate whether PET can delin-
eate a real ITV, a series of experiments using static and
moving phantom spheres were performed.

Materials and methods
Phantom object

In this study, the NEMA 1EC Body Phantom Set (Data
Spectrum, Chapel Hill, NC, USA) was used. This
phantom is composed of an ellipse and six spheres. The
volume of the ellipse is 10.3 1, and the ellipse phantom
has six spheres inside it. The inner diameters of spheres
ranged from 10 mm to 38 mm (10 mm, 13 mm, 17 mm,
22 mm, 28 mm, and 37 mm). At our institution, 3 MBg/
kg of [*F] fluoro-2-deoxyglucose (""FDG) is injected into
patients, and a PET image is taken | h later. At the time
of image acquisition, | standardized uptake value (SUV)
is equivalent to 2.055 MBg/kg. This "FDG activity was
defined as 1 SUV-p (2055 Bg/ml) in the phantom experi-
ments. The ellipse phantom was filled with a positron
emitter of 0.5 SUV-p (1028 Bq/ml) "FDG activity as the
background. This activity is close to that seen commonly

Table | Literature review of thresholds for contouring phantoms or gross tumor volumes with positron emission tomography (PET)

Authors

No. of patients or phantom

Thresholds

Erdi et al. [21]

Nagel et al. [22]

Caldwell et al. [23]
Deniaud-Alexandre et al. [24]
Ford et al. [25)

Nestle et al. [26]

Black et al. [27]

Davis et al. [28]

Yaremko et al. [29]

Static phantom

Moving phantom
Moving phantom
101 pts (NSCLC)

25 p1s (NSCLC)
Static phantom
Static phantom

Biehl et al. [30] 20 pts (NSCLC)
Hong et al. [31] 19 pts (NSCLC)
Ashamalla et al. [32] 19 pts (NSCLC)

Static phantom 8 pts (head and neck cancer)

Static and moving phantom

42"/1!.

34" d‘

15%*

504"

42%"

(0.15 X Log) + Dacrgroma
0.307 x (mean target SUV) + 0.588
Bgd + 0.4] x (Sig.,, - Bgd)
Static: 500"

Moving: 25%"

Gated breath hold

<3 cm; 42%"

3-5cm; 24%*

>5 cm; 15%°

2.5 SuUv

Visual interpretation

NSCLC non-small-cell lung cancer, pts patients
*Percentage of maximal ["*F] fluoro-2-deoxyglucose activity
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in normal lungs, measured in 40 patients with lung
tumors at our institution.

In the static phantom experiments, the six spheres
were filled with "FDG to get source-to-background (S/
B) ratios of 10, 15, and 20, namely, the ratios observed
in lung carcinomas. For each S/B ratio, a PET/CT scan
was taken, and these images were transferred to RTP
system (Eclipse, Varian Medical Systems, Palo Alto,
CA, USA) and analyzed. The maximum "“FDG activity
(SUV-p-max) was measured in each sphere, and the
threshold for target delineation in PET images was
expressed as the percentage of measured SUV-p-max for
each sphere. The appropriate threshold values for each
sphere were determined so that the sizes of the PET
delineation in an axial plane become closest to those of
each sphere.

In the moving phantom experiments, the background
was filled with 0.5 SUV-p "FDG and spheres were filled
with 10 SUV-p "FDG, which resulted in an S/B ratio of
20:1. This value was observed most commonly in lung
tumors at our institution. To simulate a moving lung
tumor, a moving device of our own making was used.
This device is composed of a mounting unit and a motor
unit, allowing oscillatory movement in one dimension.
The NEMA phantom was placed on the mounting unit,
and moved along the longitudinal plane, which corre-
sponds to the cranio-caudal plane in clinical images.
Total translations of 10 mm, 20 mm, and 30 mm were
selected as representative of the range of motions
reported for lung tumors in the literature [33-35]. A
period of oscillation of 4 s was selected, the cycle time
typically observed in normal respiration. The experi-
mental setup is shown in Fig. 1. PET and CT images
were taken five times, and all data were transferred to
the RTP system and analyzed. The maximum size of
PET delineation with an appropriate threshold value
determined from static experiments was measured in
both the axial and sagittal planes, and compared with
the corresponding values in that of CT delineation and
real ITV distance including an actual sphere size plus
movement distance.

Data acquisition

Positron emission tomography/computed tomography
scanning was performed with an integrated PET (Bio-
graph)/CT (Somatom Emotion Duo) unit (Siemens
Medical Solutions, Hoffmann Estates, IL, USA). The
data for the phantom experiments were acquired using
a protocol employed for simulating PET/CT at our
institution.

Positron emission tomographic scans were acquired
in the three-dimensional mode using an axial field of

Fig. 1 Experimental setup, The NEMA phantom was placed on a
mounting unit, and moved along the longitudinal plane with a
period of oscillation of 4s. The total translation was 10 mm,
20 mm, and 30 mm

view (FOV) of 163 mm (one bed position). The time for
a one bed position scan is 100s. All PET images were
acquired using a matrix of 128 x 128 pixels. At a distance
of 10 cm from the center of the FOV, the full-width at
half maximum reached 7.4 mm x 7.4 mm x 7.1 mm, in
the x, y, and z directions, respectively. A Fourier rebin-
ning algorithm was combined with an ordered subsets
expectation-maximization reconstruction (eight subsets,
two iterations). The voxel dimensions were 4.5 mm x
4.5 mm x 2.0 mm.

Computed tomographic scans were acquired in the
spiral mode, with a slice thickness of 2 mm. a pitch of
6 mm, 130 kv, and 55 mAs. The translation speed of the
couch was 7.4 mm/s, All CT images were acquired using
a matrix of 512 x 512 pixels. The voxel dimensions were
0.9 mm x 0.9 mm x 2.0 mm.

Results
"FDG activity

Figure 2 shows the mean measured SUV-p-max of six
spheres derived from the five measurements in static
phantom experiments. For spheres of 22 mm or more,
the measured SUV-p-max ranged from 90% to 110% of
the injected "FDG activity, independent of the S/B ratio.
In contrast, for spheres of less than 22 mm, the measured
SUV-p-max was lower than 80% of the injected "FDG
activity and decreased dependent on the size of the
sphere. For the small spheres of less than 22 mm, the
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