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To determine the recommended phase Il dose of vinorelbine in
comblination with cisplatin and thoracic radiotherapy (TRT) in pa-
tients with unresectable stage Il non-small cell lung cancer
(NSCLC), 18 patients received cisplatin (80 mg/m?} on day 1 and
vinorelbine (20 mg/m* In level 1, and 25 mg/m? in level 2) on
days 1 and 8 every 4 weeks for 4 cycles. TRT consisted of a single
dose of 2 Gy once daily for 3 weeks followed by a rest of 4 days,
and then the same TRT for 3 weeks to a total dose of 60 Gy. Fif-
teen {83%} patients received 60 Gy of TRT and 14 (78%) patients
received 4 cycles of chemotherapy. Ten (77%) of 13 patients at
level 1 and all 5 patients at level 2 developed grade 3-4 neutro-
penia. Four (31%) patients at level 1 and 3 (60%} patients at level
2 developed grade 3-4 Infection. None developed zgrade 3
esophagitis or [ung toxicity. Dose-limiting toxicity was noted in
33% of the patients in level 1 and in 60% of the patients in level
2. The overall response rate (95% confidence Interval) was 83%
{(59-96%) with 15 partial responses. The median survival time
was 30.4 months, and the 1-year, 2-year, and 3-year survival rates
were 72%, 61%, and 50%, respectively. In condusion, the recom-
mended dose is the level 1 dose, and this regimen is feasible and
promising in patients with stage Il NSCLC. (Cancer Sci 2004; 95:
691-695)

tage III locally advanced non-small cell lung cancer
(NSCLC) accounts for about 25% of all lung cancer cases.”
Successful treatment of this disease rests on the control of both
clinically apparent intrathoracic disease and ocenlt systemic mi-
crometastases, and therefore a combination of systemic chemo-
therapy and thoracic radiotherapy is indicated in many patients
with good performance status and no pleural effusion.® Concur-
rent chemoradiotherapy is superior to the sequential approach,
as shown by recent phase II trials in vnresectable stage IIX
NSCLC, in which the median survival time was 15.0 to 17.0
months in the concurrent arm and 13.3 to 14.6 months in the
sequential arm, although acute esophagitis was more severe in
the concurrent arm.?-% Chemotherapy regimens combined with
simultaneous thoracic radiotherapy have consisted of cisplatin
plus etoposide and cisplatin plus vinca alkaloids,** and a com-
bination of cisplatin plus vindesine, with or without mitomycin,
has been widely used in Japan.—®
Vmorclbme, 4 new scmlsynthctlc vinca dlkleld with a sub-
stitution in the catharanthine ring, interacts with tubulin and mi-
crotubule-associated proteins in a manner different from the
older vinca alkaloids, and it more selectively depolymenizes mi-
crotubules in mitotic spindles.” Several randomized trials have
shown vinorelbine to be more active against advanced or meta-
static NSCLC than vindesine as a single agent or in combina-
tion with cisplatin.'®'» Thus, incorporation of vinorelbine into
concurrent chemoradiotherapy instead of vindesine is an impor-
tant strategy for the treatment of locally advanced NSCLC. The
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objective of this study was to determine the maximum tolerated
dose (MTD) and recommended dose of vinorelbine for phase IT
studies in combination with cisplatin, with or without mitomy-
cin, and thoracic radiotherapy for patients with unresectable
stage III NSCLC. We planned to start with the cisplatin and vi-
norelbine combination and then add mitomnycin.

Patients and Methods

Patient selection. The eligibility criteria were: histologically or
cytologically proven NSCLC; unresectable stage IIA or HIB
disease; no previous treatment; measurable disease; tumor
within an estimated imadiation field no larger than half the
hemithorax; age between 20 years and 74 years; Eastern Coop-
erative Oncology Group (ECOG) performance status 0 or 1'4;
adequate bone marrow function (12.0x10°liter Zwhite blood
cell [WBC] count 24.0x10%liter, neutrophil count 22.0x10°/
liter, hemoglobin 210.0 g/dl, and platelet count 2100x10%/
liter), liver function (total bilirubin 1.5 mg/d! and transami-
nase Stwice the upper limit of the normal value), and renal
function (serum creatinine <1.5 mg/d! and creatinine clearance
260 ml/min); and a Pa0O, of 70 Torr or more. Patients were ex-
cluded if they had malignant pleural or pericardial effusion, ac-
tive double cancer, a concomitant serious illness, such as
uncontrolled angina pectoris, myocardial infarction in the pre-
vious 3 months, heart failure, uncontrolled diabetes mellitus,
uncontrolled hypertension, interstitial pnevmonia or lung fibro-
sis identified by a chest X-ray, chronic obstructive lung disease,
infection or other diseases contraindicating chemotherapy or ra-
diotherapy, pregnancy, ar breast-feeding. All patients gave their
written informed consent.

Pretreatment evaluation. The pretreatment assessment in-
cluded a complete blood cell count and differential count, roun-
tine chemistry determinations, creatinine clearance, blood gas
analysis, electrocardiogram, lung function testing, chest X-rays,
chest computed tomographic {(CT) scan, brain CT scan or mag-
netic resonance imaging, abdominal CT scan or ultrasonogra-
phy, and radionuclide bone scan.

Treatment schedule. The dose levels and doses of each anti-
cancer agent are shown in Table 1. Cisplatin and vinorelbine
were administered at dose levels 1 and 2. It was planned to give
cisplatin, vinorelbine, and mitomycin at dose levels 3-5, but
because the MTD was determined to be dose level 2, dose lev-
els 3-35 were not used. Cisplatin was administered on day 1 by
intravenous infusion over 60 min together with 2500 to 3000
m! of fluid for hydration. Vinorelbine diluted in 40 ml of nor-
mal saline was administered by bolus intravenous injection on
days | and 8. All patients received prophylactic antiemetic ther-
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apy consisting of a SHT3-antagonist and a steroid. This chemo-
therapy regimen was repeated every 4 weeks for 4 cycles.

Thoracic radiotherapy with photon beams from a liniac or
microtron accelerator with energy between 6 and I0MV ata
single dose of 2 Gy once daily given 15 times over 3 weeks
was begun on day 2 of the first cycle of cisplatin and vinorel-
bine chemotherapy, and followed by a short rest period of 4
days. The same radiotherapy was begun on day 1 of the second
cycle of chemotherapy to a total dose of 60 Gy. The clinical tar-
get volume (CTV) was based on conventional chest X-ray and
CT scans, and included the primary lesion (CTV1), involved
lymph nodes whose short diameter was 1 cm or larger (CTV2),
and the ipsilateral pulmonary bilum and bilateral mediastinum
area (CTV3). Anterior and posterior parallel opposed fields en-
compassed the initial planned target volume (PTV), consisting
of CTV1-3 with the superior and inferior field margins ex-
tended to 1 to 2 cm and the lateral field margins extended to 0.5
cm for respiratory variation and fixation error. The boost PTV
included only CTV1-2 bascd on the second CT scans with the
same margins. The spinal cord dose was limited to 40 Gy by
using oblique parallel opposed fields.

Toxicity assessment and treatment modification. Complete blood
cell counts and differential counts, routine chemistry determina-
tions, and a chest X-ray were performed once a week during the
course of treatment. Acute toxicity was graded according to the
NCI Common Toxicity Criteria version 2.0 issued in 1958, and
late toxicity associated with thoracic radiotherapy was graded
according to the RTOG Late Radiation Morbidity Scoring
Schema.™™ Vinorelbine administration on day 8 was omitted if
any of the following toxicities was noted: WBC count
<3.0%10%/liter, neutrophil count <1,5x10%/liter, platelet count
<100x 10%/liter, elevated hepatic transaminase level or total se-
rum bilirubin 2grade 2, fever 238°C, or performance status 22.
Subsequent cycles of chemotherapy were delayed if any of the
following toxicities was noted on day 1: WBC count
<3.0%10*/liter, neutrophil count <1.5x10%/liter, platelet count
<100% 10%/liter, serum creatinine level 1.6 mg/dl, elevated
hepatic transaminase level or total serum bilirubin Zgrade 2, fe-
ver 238°C, or performance status >2. The doses of cisplatin
and vinorelbine were reduced by 25% in all subsequent cycles
if any of the following toxicities was noted: WBC count
<1.0x10%liter, platelet count <20x10%/liter, or grade 3 or se-
verer non-bematological toxicity, except for nausea and vomit-
ing. The dose of cisplatin was reduced by 25% in all
subsequent cycles if the serum creatinine level was clevated to
2.0 mg/dl or higher. Thoracic radiotherapy was suspended if
any of the following toxicities was noted: WBC count
<1.0x10%lLiter, platelet covnt <20%x10%liter, esophagitis
grade 3, fever 238°C, performance status 23, or Pa0; <70
Torr. Thoracic radiotherapy was terminated if this toxicity per-
gisted for more than 2 weeks, Granulocyte colony-stimulating
factor support was used if the neutrophil count was <Q.5%10%
liter for more than 4 days, the WBC count was <1.0x10%/ liter,
or febrile nentropenia 2 grade 3 was noted.

Dose-limiting toxicity, MTD, and recommended dose for phase Il
studies. The dose-limiting toxicity (DLT) was defined as a neu-

Table 1. Dose level and the dose of each anticancer agent

Cisplatin Vinorelbine Mitomycin
Dose level (mg fm?) (mg/nv) (mg ‘,%z)
-1 80 15 -
1 80 20 -—
2 BO 25 _
3 80 15 8
4 20 20 8
5 80 25 8
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trophil count <0.5x 10°/liter lasting 4 days or longer, febrile
neutropenia 2grade 3, platelet count <20%10*/liter, grade 3 or
more severe non-hematological toxicity other than nausea and
vomiting, and patient’s refusal to receive subsequent treatment.
Doses were escalated according to the frequency of DLT evalu-
ated during the first and second cycles of chemotherapy and
thoracic radiation, Six patients were initially enrolled at each
dose level, If one or none of them experienced DLT, the next
cohort of patients was treated at the next higher dose level. If 2
of the 6 patients experienced DLT, then 6 additional patients
were enrolled at the same dose level to make a total of 12 pa-
tients. If 4 or fewer patients experienced DLT, the next cohort
of patients was treated at the next higher dose level. If 5 or
more of the 12 patients experienced DLT, that level-was consid-
ered to be the MTD. If 3 of the initial 6 patients experienced
DLT, that level was considered to be the MTD. The recom-
mended dose for phase II trials was defined as the dose preced-
ing the MTD.

Response evaluation. Objective tumor response was evaluated
according to the WHO criteria issued in 1979.'6 A complete re-
sponse (CR) was defined as the disappearance of all known dis-
ease for at least 4 weeks with no new lesions appearing. A
partial response (PR) was defined as an at least 50% decrease
in total tumor size for at least 4 weeks without the appearance
of new lesions. No change (NC) was defined as the absence of
a partial or complete response with no progressive or new le-
sions observed for at least 4 weeks. Progressive disease was de-
fined as a 25% or greater increase in the size of any measurable
lesion or the appearance of new lesions.

Study design, data management, and statistical considerations.
This study was designed as a phase I study at two institutions,
the National Cancer Center Hospital and Kanagawa Cancer
Center. The protocol and consent form were approved by the
Institational Review Board of each institution. Registration was
conducted at the Registration Center. Data management, peri-
odic monitoring, and the final analysis were performed by the
Study Coordinator, A patient accrual period of 24 months and a
follow-up period of 18 months were planned. Overall survival
time and progression-free survival time were estimated by the
Kaplan-Meier method.” Survival time was measured from the
date of registration to the date of death due to any cause. Pro-
gression-free survival time was measured from the date of reg-
jstration to the date of disease progression or death. Patients
who were lost to follow-up without event were censored at the
date of their last known follow-up.

Results

Registration and characteristics of the patients. From October
1999 to August 2000, 13 patients were registered at dose level
1 and 5 patients at dose level 2. The detailed demographic char-
acteristics of the patients are listed in Table 2. All patients bad
unresectable IMIA-N2 or [I[B disease. One of the & patients en-
rolled at dose level 1 developed bacterial meningitis during the
second cycle of chemotherapy, and that case is described in de-
tail elsewhere,'® We did not include it in the assessment of
DLT, because the bacterial meningitis was not specificalty re-
lated to treatment. We registered another patient at the same
dose level, and 2 cases of DLT were noted among the initial 6
patients cvaluable for DLT. We added another 6 patients, and
DLT was noted in 4 of the 12 patients registered at the dose
level 1. Of the 5 patients registered at level 2, 3 patients devel-
oped DLT. This dose level was determined to be the MTD, and
patient accrual to this study was terminated.

Treatment delivery. Treatment delivery was generally well
maintained, and it did not differ between the two dose levels
(Table 3). Full dose (60 Gy) thoracic radiotherapy was com-
pleted in 77% and 100% of the patients at dose levels 1 and 2,
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Table 2. Patients’ characteristics

Median {range) (%)
Number of patients 12
Gender male 16 (89)
female 2{(11)
Age median {range) 59 (48-69)
PS 0 4 22
: 1 14 (78)
Body weight loss <5% 12 {67)
5-9% 4 (22)
210% 2{11)
T-factor 1 1 (6)
2 & (33
3 7 (39)
4 4 22)
N-factor 2 11 (61)
3 7 (39)
Clinical stage A 9 (30
1B 9 (50)
Histology adenocarcinoma 14 (78)
squamous cell carcinoma 3(17)

adenosquamous carcinoma

1(6)

Table 3. Treatment delivery

Dose level 1 (N=13})

Dose level 2 (N=5}

N (%) N (%)

Initia! irradiation field (cm?)
median (range)
Total dose of radiotherapy (Gy)
60
50-59
<50
Delay of radiotherapy (days)”?
<5
55
Number of chemotherapy cycles
4
3
b
1
Omission of vinorelbine
administration on day 8
4]
1
3

171 (128~529) 182 (128-248)

10 (77 5 {100)
1(8) 0
2 (15) 0
6 (60) 3 {60)
4 (40} 2 {a0)
10 (77} 4 (80)
0 1 (20)
2 {15) (]
148 o
9 (69) 2 (a0)
4 (31 2 (40)
0 : 1 (20}

1) Evaluated in patients who received 60 Gy radiotherapy (N=15).

respectively, Delays in radiotherapy evaluated in patients who
completed the full course of radiotherapy amounted to less than
5 days in 60% of the patients at both levels. Full cycles (4 cy-
cles) of chemotherapy were administered to 77% and 30% of
the patients at dose levels 1 and 2, respectively, but vinorelbine
administration on day 8 was more frequently omitted at dose
level 2 (Table 3).

Toxicity, MTD, and the recommended dose for phase I trials,
Acute severe toxicity was mainly hematological (Table 4).
Grade 3~4 leukopenia and neutropenia were noted in 77% and
100% of the patients at dose levels 1 and 2, respectively. Grade
3 anemia was observed in 23% and 20% of the patients at dose
levels 1 and 2, respectively, but no blood transfusions were re-
quired. Thrombocytopenia was mild. Grade 4 transaminase ele-
vation was observed in | patient during the first cycle of
chemotherapy, but no subjective manifestations associated with
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liver dysfunction were noted. Chemotherapy was discontinued
and the trangaminases quickly decreased to within their normal
ranges. Transient asymptomatic” grade 3 hyponatremiaz was
noted in 1 patient. Grade 3-4 infection was noted in 7 patients.
Bacterial meningitis unassociated with neutropenia developed
on day 6 of the second cycle of chemotherapy in 1 patient.'®
The other grade 3—4 infections were all associated with neutro-
penia. Esophagitis was mild in this study, and no grade 3-4
esophagitis was noted. No deaths occurred during or within 30
days of therapy.

DLT was noted in 4 of the 12 (33%) evaluable patients at
dose level 1, and 1n 3 of the 5 (60%) at dose level 2. Six of
these 7 DLTs were grade 3-4 infection associated with neutro-
penia, and the other 1 was grade 4 transaminase elevation,
Thus, we determined that dose level 2 was the MTD, and dose
level 1 was recommended as the dose for phase 1Y trials.

Cancer5ci | August2664 | vol. 95 | no. 8 | 693



Table 4. Acute toxicity

Dose level 1 (N=13), Grade

Dose level 2 (N=5), Grade

Toxicity

1 2 3 4 3-4(%) 1 2 3 4 3-4(%)

Hematological
Leukopenia 0 2 9 1 77 0 0 4 1 (100}
Neutropenia 1 1 7 3 an 0 0 1 4 (100)
Anemia 4 & 3 0 (23 2 2 1 Q (20)
Thrombocytopenia 1 2 0 1] (0} 1 0 0 0 (0}

Non-hematological
AST 2 Q 0 1 {8 1 0 0 0 (0)
ALT 7 0 0 1 (8) 0 1 0 0 {0}
Total bilirubin 2 1 0 0 (0) 2 4] 0 0 (o)
Creatinine 2 2 a 0 (o) 1 0 0 0 [{+)]
Hyponatremia 6 0 1 0 (8) 1 0 0 0 )
Infection 1 3 2 2 (31) 0 o 3 0 (60)
Nausea 4 1 (] 0 (0) 3 0 0 0 {0}
Diarrhea a 1 0 0 0 0 ¢ 0 o (o)
Stomatitis 2 0 0 0 (0} 0 2 0 0 (0)
Esophagitis 6 1 0 0 {0) 4 Q 0 0 (0)
Sensory neuropathy 2 0 0 0 (0) 0 0 0 4] {0}

1.0 concurrent thoracic radiotherapy has been shown to yield an en-
couraging survival outcome, a median survival time of 17-19
months, and a 5-year survival rate of 16% in patients with unre-

0.8 sectable stage Il NSCLC.4™% A Japanese randomized trial re-

o vealed that replacement of vindesine by vinorelbine in
£ combination with cisplatin and mitomycin yielded a promising
g 0.6 response rate (57% versus 38%, P=0.025) and median survival
2 time (15 months versus 11 months, P<0.01) in patients with
c stage IIIB or IV NSCLC." Thus, the combination of cisplatin,
-.g vinorelbine, and mitomycin is a chemotherapy regimen with
e 0.4 potential for combination with concurrent thoracic radiother-
=] apy. The present study, however, showed that a DLT developed
o in 60% of patients who received cisplatin and vinorelbine 25

0.2 mg/m? days 1 and 8 (level 2), and since the DLTs were associ-
ated with myelosuppression, which is the major critical toxicity
of mitomycin, we concluded that it would be impossible to in-

0 corporate mitomyein into this regimen.
0 12 24 36 48 60 The recommended doses of vinorelbine of 20 mg/m® on days
Months 1 and 8 and cisplatin of 80 mg/m? on day 1 repeated every 4
weeks in this study are comparable to the doses used in the
Fig. 1. Overall survival in 18 patients. The median (range) follow-up CALGB (vinorelbine 15 mg/m? on days 1 and 8 and cisplatin

period of censored cases has been 35.4 {32.0-43.4) months, and the
median overall survival time has not yet been reached.

Late lung toxicity associated with thoracic radiotherapy was
grade 3 in 1 (6%) patient, grade 2 in 4 (22%) patients, and
grade 1 in 8 (44%) patients. No late esophageal toxicity was
noted.

Objective responses, relapse pattem, and survival, All patients
were included in the analyses of tumor response and survival.
No CR, 15 PRs, and 1 NC were noted, and the overall response
rate (95% confidence interval) was 83% (59-96%). Relapse
was noted in 12 (67%) of 18 patients. Initial relapse sites were
locoregional alone in 5 (28%) patients, locoregional and distant
in 3 (17%) patients, and distant alone in 4 (22%) patients, Brain
metastasis was detected in § patients, and the brain was the
most frequent site of distant metastasis, The median progres-
sion-free survival time was 15.6 months, and the median over-
all survival time was 30.4 months. The 1-year, 2-year, and 3-
year survival rates were 72%, 61%, and 50%, respectively (Fig.
D.

Discussion

The combination of cisplatin, vindesine, and mitomycin with

694

80 mg/m? on day 1 repeated every 3 weeks),!* ™ and the Czech
Lung Cancer Cooperative Group (vinorelbine 12.5 mg/m? on
days 1, 8, and 15 and cisplatin 80 mg/m? on day 1, repeated ev-
ery 4 weeks),2" but lower than in 2 Mexican study {vinorelbine
at 25 mg/m? on days 1 and 8 and cisplatin 100 mg/m* on day
1, repeated every 3 weeks).” These recommended doses are
also lower than expected when compared with the recom-
mended vinorelbine dose combined with cisplatin for metastatic
NSCLC (vinorelbine 30 mg/m? on days 1 and 8 and cisplatin
80 mg/m? on day 1, repeated every 3 weeks),™ and when com-
pared with the results of vindesine, cisplatin, and mitomycin
combined with thoracic radiotherapy, where the full doses can
be administered concurrently.® Thus, vinorelbine can be safely
administered with cisplatin and concurrent thoracic radiother-
apy at a maximum dose of two-thirds the optimal dose without
radiotherapy.

The results for respanse and survival in this stody, however,
were very encouraging. ‘This may have been attributable to pa-
tient selection bias, but the percentage of patients who had
stage IIIB diseasc in this study was similar to the percentage in
the CALGB randomized phase II study.? In addition, 33% of
the patients in this study had >5% body weight loss, whereas
only 7% of the patients did in that study.®” The median survival
time was 30.4 months and exceeded the results of concurrent
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chemoradiotherapy with old drug combinations that yielded a
median survival time of 15~19 menths. 3% Thus, it could be ar-
gued that the combination of cisplatin and vinorelbine is more
active for locally advanced NSCLC than the older drug combi-
nations, although there have not been any randomized trials
comparing this regimen with old drug combinations in combi-
nation with thoracic radiotherapy in patients with stage III
NSCLC. Our results also seem better than those of other trials
using concurrent cisplatin, vinorelbine, and thoracic radiother-
apy, in which the median survival time was 13 to 18
months, 2.2 Those trials used induction chemotherapy fol-
lowed by chemoradiotherapy. Since the response rate to induc-
tion chemotherapy is no more than 40%, induction
chemotherapy may be disadvantageous. This issue is being
evaluated in an on-going CALGB phase III trial.

Severe esophagitis and pneumonitis bave been DLTs in many
trials of concurrent chemoradiotherapy, but neither was ob-
served in this study, Nevertheless, since the occurrence of these

1. Mountain CF. Revisions in the International System for Staging Lung Can-
cer. Chest 1997; 111: 1710-7. :

2. Jett IR, Scott WI, Rivern MP, Sause WT and American College of Chest
Physicians, Guidelines on treatment of stage IIIB non-small cell jung cancer.
Chest 2003; 123: 2215-58. .

3, Pieme F, Maurice P, Gilles R, Pascal T, Pierre-Jean 8, Hervé L., Alain V,
Jean-Yves D, Francoise M, Fancoise M. A randomized phase ITI trial of se-
quential chemoradiotherapy in locally advanced non-small-cell lung cancer,
Proc Am Soc Clin Oncol 2001; 20: 312a (abstr 1246).

4. Comren W Ir, Scott C, Langer C, Komaki R, Lee J, Hauser S, Movsas B,
Wasserman TH, Rosenthal S, Byhardt R, Sause W, Cox J. Phase III cempari-
son of sequential vs concurrent chemoradiation for patients with unsresect-
gble stage IIl non-smallcell lung cancer (NSCILC): initial report of the
Radiation Therapy Oncology Group (RTOG) 9410, Proc Am Soc Clin Oncol
2000; 19: 484a {abstr 1891).

5. Furuse K, Fukuoka M, Kawahara M, Nishikawa H, Tekada Y, Kudoh S,
Katagami N, Ariyoshl Y. Phase Il study of concurrent versus sequential tho-
racic radiotherapy in combination with mitomycin, vindesine, and cisplatin
in unresectable stage I non-small-cell lung cancer. J Clin Oneol 1999; 17
2692-9,

6. Kubota K, Tamura T, Fukuokn M, Furuse K, Ikegami H, Ariyoshi Y, Kurita
Y, Saijo N, Phase IT study of concurrent chemotherapy and radiotherapy for
unresectable stage II non-small-cell lung cancer: long-term follow-up re-
sults. Japan Clinicol Oncology Group Protocol 8902, Aan Oneol 2000; 11:
445-50, '

7. Furase K, Kubota K, Kawahara M, Kodama N, Ogawara M, Akira M,
Nokajima 8, Takeda M, Kusuncki ¥, Negore S, Matsui K, Masuda N,
Takifuji N, Kudoh S, Nishicka M, Fukuoka M. Phase ]I study of concurrent
radiotherapy and chemotherapy for unresectable stage I non-small-cell fung
cancer, Southern Osakn Lung Concer Study Growp, J Clin Oncol 1995; 3:
B69-75, .

B. Atagi 8, Kawahara M, Hosoe S, Ogawara M, Kawaguchi T, Okishio K, Noka
N, Sunami T, Mitsuoka S, Akira M. A phase Il study of continuous concur-
rent thoracic radiotherapy in combination with miternycin, vindesine and cis-
platin In unresectable stage IN non-small cell lung cancen. Lung Cancer
2002; 36: 105-11.

9. Sekine I, Saijo N. Novel combination chemotherapy in the treatment of non-
small cell lung cancer. Exp Opin Pharmacother 2000 1: [131-61.

10. Furuse X, Fukuoka M, Kuba M, Yamori 8, Nakai Y, Negoro S, Katagarni N,
Takada Y, Kinuwoki B, Kawahara M, Kuboto ¥, Saluma A, Niitani H. Ran-
domized study of vinorelbine (VRB) versus vindesine {(VDS}) in previously
untreated stage OIB or IV non-small-cell lung cancer (NSCLC). The Japan
Vinorelbine Lung Concer Cooperative Study Group. Arn Oncel 1996; 7:
§15-20.

11. Le Chevalier T, Brisgand D, Douillard JY, Pujol JL., Alberola 'V, Monnier A,
Riviere A, Lianes B, Chomy F, Cigolari 8, Gotdried M, Ruffie P, Panizo A,
Gaspard MH, Ravaioli A, Besenval M, Besson F, Martinez A, Berthaud P,
Tursz T. Randomized study of vinorelbine and cisplatin versus vindesine and
cisplatin versus vinorelbine alone in advanced non-small-cell lung cancer:
results of 2 European multicenter trial including 612 patients. J Clin Oncol

Sekine et al,

non-hematological toxicities associated with thoracic radiother-
apy is sporadic, the sample size in this study may have been too
small to detect them. Thus, careful observation for these toxici-
ties is needed in further phase II and phase IIE trials to defi-
nitely establish the safety profile of this regimen.

In conclusion, cisplatin and vinorelbine chemotherapy com-
bired with concurrent full-dose thoracic radiotherapy is feasi-
ble, and the recommended dose of vincrelbine for phase II
trials is 20 mg/m? on days 1 and 8 repeated every 4 weeks.
This regimen was highly active in patients with stage III
NSCLC.
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OBJECTIVE. The aim of our study was to describe the CT and MRI findings of fecurrent -
tumors and second primary (malignant and benign) neoplasms in patients with retinoblastoma
and to evaluate imaging features to assist in distinguishing them. .

MATERIALS AND METHODS. Records of 445 pathologically confirmed retinoblasto-
mas were retrospectively reviewed. Thirty-four patients with recurrent retinoblastomas and 15
patients with second primary neoplasms who underwent CT and MRI were evaluated by two
radiologists with agreement by consensus, |

RESULTS. Invasive pattemns of recurrent turnors included type A, intraocular tumor (n 13y
type B, intraorbital tumer with spread into the optic nerve shown as enlargement and marked en-
hancement of the optic nerve on contrast-enhanced CT or MRI (n = 6); and type C, umor extending
to the lateral aspect of the orbit and invading the brain via the sphenoidal bone (n = 2). Thirty-eight
percent of patients with recurrent tumors had distant metastases (n = 7) or leptomeningeal me-

Ztastases (n = 6). Leptomemngeal metastases were found only in recurrent tumors. Second primary

neoplasms included osteosarcoma (n = 5), thabdomyosarcoma (n = 5), meningioma (n = 4), and

. other tumors (n = 3). A significant difference was seen between the patients’ ages at the time of di-
.agnosis of recurrent turhors and second primary neoplasms {p < 0.0001). Extraorbital tunors were
* found more frequently among second primary neoplasms than among recurrent tumors {p < 0.001).

CONCLUSION. Both recurrent tumors and second primary neoplasms in patients with
retinoblastoma often show characteristic imaging features. The tumor distribution on CT and

MRI may help in differentiating recurrent tumors and second primary neoplasms.

| etinoblastoma is the most common
{ primary ocular malignancy of early
il childhood. The tumor is hereditary
in all panems with: bilateral retincblastoma and
in 10-15% of those with unilateral disease iden-
tified by a family history of retinoblastoma [I,
2]. Although the cure rate of retinoblastoma is
excellent after enucleation or irradiation, survi-
vors of hereditary retinoblastoma are at_ in-
creased risk of developing recurrent tumors or
second primary (malignant and benign) neo-
plasms, most commonly osteosarcoma and
other soft-tissue sarcomas [1-10). Loss or mu-
tation of the retinoblastoma gene, which is a

IS

prototypical tumor-suppressor gene located on

human chromosome 13q14, has been associ-
ated with development of other malignancies,
including osteosarcoma and other mesench?r-

enal tumors [11-13].

The incidence of second primary neoplasms
after retinoblastoma increases with the length of
time from initial diagnosis, with a cumulative in-
cidence of 8.4% 18 years after diagnosis [10],

However, a short latency has been found among
patients with recurrent tumors, and the incidence
may be overestimated because of difficulties in
distinguishing second primary neoplasms from -
Tecurrent tumors, Second primary neoplasms of -
ten show both high-grade and undifferentiated
features on microscopic observation, making
them difficult to diagnose and dnstmgunsh from
the small, undifferentiated round cell tumors that
are characteristic of recurrent retinoblastomas
(14-21). Although the CT and MRI findings of
patients with retinoblastoma are established,
there have been only a few descriptions of sec-
ond primary neoplasms in patients with retino-
blastoma [22). In our study, we retrospectively
reviewed and described CT and MRI findings in
recurrent tumors and second primary neoplasms

in pafients il retinoblasioma.

Materials and Methods

We reviewed cross-referenced records from Janu-
ary 1980 to September 2002 in the divisions of radia-
tion oncology and pathology at the National Cancer
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Center Hospital, Tokyo, and identified 445 patients
with pathologically confired retinoblastoma. Of
these, 34 patients with recurrent retinoblastomas and
15 patients with second primary neoplasms were in-
cluded in our study. Of the 15 patients with second pri-
mary neoplasms, two patients developed two separate
second primary wmors. One child had a temporal
thabdomyosarcoma and developed osteosarcoma 12
years later. Another child first developed meibomian
carcinoma in the eyelid, followed 5 years later by a
meningioma arising in the skull base. Therefore, we
reviewed 15 patients with 17 second primary neo-
plasms for data analysis. Patients seen in consultation
were included in the analysis even if they did not ye-
ceive all primary therapy for retinoblastoma ot our in-
stitute because some children were refered with
" recurrent disease afier having initial weatment at an
outside institution,
Of the 49 patients evaluated, data regarding age at
diagnosis, sex; family history; histologic subtype; lo-
cation; latent period; and all nitial treatment for pri-
mary fumors including enucleation, chemotherapy,
radiation therapy, and treatment of recutrent tumors
and second primary neoplasms were documented, Pa.
tients with recusrent tumors or second primary neo-
. plasms received combined modality therapy
consisting of surgical resection or biopsy, followed by
combination chemotherapy either in standard doses 6r
in escalating doses with autologous bone marmow or
peripheral blood stem cell- transplantation, with or

- without radiation therapy. The latent period was cal-
culated from the time of initial diagnosis to the time of
dlagncms of recurrent tumnors or second primary neo-
plasms. All tumors in the field of radiation were 8
classified if they appeared to be originating in the eye-
lids, orbits, paranasal sinuses, temporal bones, or soft
tissues overlying the temporal bane region,

€T and MRI examinations were reviewed by two

radiclogists with agreement by.consensus, The im-
ages of 49 patients included both CT and MRI (n =
27), only CT (n = 3), or only MRI (n = 19). Unen-
hanced CT scans were obtained in 30 patients, and
contrast-enhanced CT scans were obtained in 24 pa-
tients with the use of IV iodinated contrast material,
Section thickness ranged between 5 and 10 mm. CT
scans were evalvated for predominant attenuation; ho-
mogeneity or heterogeneity; and the presence of cal-
cification, bone destruction, su:roundmg edema, and
tumor enhancement,

MR was performed using L.5-T systems. Using
the spin-echo technique, we obtained T1-weighted
images (TR range/TE range, 400-660/12~15) in the
axial and coronal planes. T2-weighted spin-echo or
fast spin-echo images (3000-5700/80-1 18) were then
obtained in the axial and coronal planes. Whole-brain

imapes were obtained with a field of view of 30-40

cm, an image matrix of 128 x 256, and & slice thick-
ness of 5-10 mm. Locations were judged by the type
of margin, extent of tissue involvement, internal archi-

{ecture; presence of ivasion (o surrounding tisgue,
size, and signal characteristics on Tl- and T2-
weighted images, Tumor size was determined by the
largest diameter in the axial plane of CT scans or
MRIs. Locations were comelated with the radiation
field in all patients. Signal characteristics were de-
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scribed as hypointense, isointense, or hyperintense
relative to the surrounding structures: muscle or white
matter. MRIs obtained after the IV administration of a
gadotinium chelate with T1-weighting (1 = 30) were
evaluated for the degree and type of enhancement,

- For evaluation of recurrent tamors in patients with
retinoblastoma, we categorized growth patiems into
three types for assessing recurrent retinoblastorna; in-
traocular thmor (fype A), intraorbital fumor with Jocal
spread into the optic. rerve (type B), and wmor ex-
tending to the lateral aspeet of the orbit and invading
the brain via the sphenoidal bone (type C).

CT and MRI findings were assessed in both recur-
Tent tumors and each histologic type of second pri-
mary neoplasms. We also assessed CT and MRI
findings to assist in the differentiation of recurent m-
mors and second primary neoplasms.

The data obtained related to disease status regard-
ing retinoblastoma and the second primary neoplasms
in &l patients. Current status was documented by fol-
low-up examination, and follow-up was calculated in
months from the date of initial diagnosis to the most
recent follow-up. Differences between subgroups
were analyzed for correlations with the chi-square
test, Fisher's exact probability test, or Spearman’s
rank correlation coefficient test The interobserver
variation of the extent of various abnormalities was
evaluated with the Spearman’s rank correlation coeffi-
cient test. A p value of less than 0.05 was considered a
statistically significant difference.

Results
Clinleaf Findings

The clinical features of the patients are sum-
marized in Table 1. A sipnificant difference was
seen in age at the time of diagnosis between pa-
tients with recurrent twmors and those with sec-
ond primary neoplasms (p < 0.0001). Patients
with hereditary tumors .developed second pri-
mary neoplasms more frequently than they de-
veloped recurrent tunors (p < 0.001). The initial
therapy for patients with both tumor types in-
cluded combination therapy. No significant dif-
ference was found in the radiation dose between
recurrent tumors and second primary neoplasms,

The latent period of second primary tumors
ranged between 15 and 400 months {median =+
SD, 178.7 £ 28.7 months). There was a signifi-
cant difference in the latent period between re-
current tumors and second primary neoplasms
{p <0.0001). The significant difference was also
found in the latent period between histologic
subtypes including osteosarcoma, rhabdomyo-
sarcoma, and meningioma (Table 2), Seventy-
one percent of patients with recurrent tumors
and 73% of patients with second primary neo-
plasms were still alive, with a median follow-up
of 58.2 and 271.3 months, respectively.

Imaging Features in Recurrent Turmors _ :

Sixty-two percent of patients With recurrent
tumors had local lesions. Invasive patterns (Fig.
1) of recurrent tumors identified an CT or MRI
included type A, intraocular tumor (n =13
38%) (Fig. 2); type B, intraorbital tumor with
spread into the optic nerve shown as enlarge-
ment and marked enhancement of the optic
nerve on contrast-enhanced CT or MRI (n = 6,

- 18%) (Fig. 3); and type C, tumor extending to

the lateral aspect of the orbit and invading the

" brain via the sphenoidal bone (n = 2, 6%) (Fig.

4). Peripherally located intralesional calcifica-
tion was found in type A (n = 13, 100%) and
type B (n = 2, 33%) tumors on unenhanced CT,
In addition, no calcification was found in type
€ wmors, Tomors appeared hypo- to isointense
in relation to normal temporal muscle on T1-
weighted images and of moderately high signal
intensity on T2-weighted images in all patients
who underwent MRI. All localizéd lesions
were depicted as heterogeneousty enhanced
masses with a slightly irregular surface on con-
trast-enhanced CT or MRL

Thirty-eight percent of patients with recur-
rent tamors had distant metastases (n =7) or lep-
tomeningeal metastases {n =6) (Fig. 5). Multiple
brain metastases were found in three patients.
Although the signal characteristics on T1- and

B e T
Characteristic Recurrent Tumor Second Primary Neoplasm

No. of patients 34 18
Age fyr) 2504 (0-12) 14.9124(1-33) < 0.000
Sexf . NS

Male 21(62) . 7147}

Female 13 (38} 8{53)
Family history 7{21) 1 NS
Heraditary tumor 6 {18} 12 (80} <0.001
Radiation dose (Gy) A03:2.1 43523 NS
Latent period {mo} 28.5+35 [5-79) 178.7 + 28.7 {15-400) < 0.000%
Mortality rate 10 (29} a2} NS

Note.—Numbers in paréntheses are percentapas or ranges. NS « not significent,

AJR:181, September 2002



CT and MR of Retinoblastoma

Diagnosis . Size Latent Period?

_ ) Patients {mm} {mo}
Osteosarcoma 5 50.0 + 5.4 [45-70) 139.0 £ 54.1 {15-319}
Rhabdomyosarcoma 5 40.0 + 5.6 (10-80) 55.0 1 13.8(15-93)
Meningioma 4 47.5.17.0(10-80) 291.3 £ 47.3 {169-300)
Malignant fibraus histiocytoma 1 35 192
Meibomian gland carcinoma 1 20 48

Note..—Numbers in parentheses are ranges.

*Significant differance wes lound in latent peried among
men's rank correlation coefficient test (p < 0.05).

T2-weighted images were nonspecific, lesions
showed heterogeneous enhancement on con-
trast-enhanced CT or MRL One patient devel-
oped skull metastasis that was seen as focal bone
destruction on unenhanced CT and a moderately
enhanced mass on contrast-enhanced MR

osteosarcoms, rhabdomynsarcoma, and meningioma by Spear-

Imaging Features in Second Primary Neoplasms
Seventeen second primary neoplasms in-
cluded various histologic types of tumors.
Malignant tumors consisted of osteosarcoma
{rn = 5), thabdomyosarcoma (r = 5), malignant
fibrous histiocytoma (n-= 1), and meibomian

Fig. 1—Drawing shows types of tu-
maor extension in recurrent retinoblas-
toma. Three growth patterns are
present in recurrent retinoblastoma;
intreccular tumor {type A), Intragrbital
tumor with docal spread into optic
nerve (type B), end tumor extending to
lateral aspect of orbit and invading
brain via sphenoidal bone {type C).-

Fig. 2—2-year-old boy with recur-
rent retinoblastoma who underwent
enhucleation of left eye and irradiation
of both eyes. Axial T2-weighted im-
age (TR/TE, 40007118} shows soft-tis-
sue mass in right globe {type A).
Tumor {arrowheads) shows hetero-
geneous high signal intensity retative
to temporal muscle.

Fg, 3—3-year-old boy with recurrent .
retinoblastoma who underwent irradi-
ation of left eye. Axial contrast-an.
hanced T1-weighted imape (TR/TE,
630/15) shows recurrent tumor (ar-
rowheads) thet extended into optic
nerve {type B} with heterogeneous en-
hancement.

Fig. 8~—H-year-old boy with recurrent
retinoblastoma who underwent enu--
cfeat:un and irradiation of left eye, Ax-
ial contrast-enhanced T1-weighted
image (TR/TE, 600/15) shows tumor ex-
tension {arrows) thraugh greater wing
of sphenoid to middle cranial fossa

{type C).
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gland carcinoma (= 1), whereas benign mimors
were meningioma (11 = 4) (Table 2). )
Osteosarcoma was one of the frequent his-
tologic subtypes (29%). Tumors originated
from previously iradiated regions, including
the intraorbit (n = 2), temporal bone (1 = 1),
and ethmoid bone (7 = 1). One patient devel-
oped a tumor in the distal femur outside the ir-
radiated field. Unenhanced CT scans revealed
irregular masses in the orbit, temporal bone, or
ethmoid bone with calcification (n = 4, 80%)
(Fig. 6). Two tumors showed severe bone de-
struction on unenhanced CT, Contrast-en-
hanced CT and MRI showed heterogenous
enhancement with perifocal edema (n.=,5,
100%). Fluid—fluid levels, suggestive of hem-
orrhage, were identified in two tumors on T2-
weighted .images, Calcification identified on
unenhanced CT corresponded in part to areas
of signal voids or low signal intensity on both
T1- and T2-weighted images. '



All rhabdomyosarcomas arose in the region
previously imradiated, including five tumors that
developed in the temporal muscle within the ir-
radistéd field and one that involved the con-
tralateral temporal muscle, which may have
received 4 radiation dose of 50-60% of that in
the irradiated field. Unenhanced CT revealed

well-defined masses with ovoid contours situ-
ated in the temporal muscle (n = 5, 100%). Five _

patients underwent both contrast-enhanced CT
and MRI; of these, three tumors (60%) showed

heterogeneous and slight enhancement relative .

to the adjacent muscle (Fig. 7). Fluid-fluid fev-
els were found in one tumor on both T1- and
T2-weighted images. Signal characteristics on
Tl- and T2-weighted images were nonspecific
in the other four tumors.

in the orbit, with severe destruction of bone iden-
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and T2-weighted images, but marked enhance-
ment was found on contrast-enhanced CT scans
and MRIs. A 20-year-old woman developed a
well-defined mass in the eyelid that was seen on
unenhanced CT and diagnosed as & meibormian
gland carcinoma after a latent period of 121
months. The tumor showed nonspecific signal
characteristics on both T1- and T2-weighted im-
ages, but areas of marked enhancement were
found on contrast-erhanced MRIs (Fig. 9).

All meningiomas originated from the previ-
ously irradiated. skull base. Tumors showed
hyperattenuation on unenhanced CT (n = 4),
and marked erhancement was found in all
cases on contrast-enhanced CT and MRI (Fig.

“10). Punctate calcification was found in one
_ * case; this tumor was associated with secondary
A l6-year-old girl with hereditary retinoblas- -
toma developed malignant fibrous histiocytoma
i T2-weighted
tified on urienhanced CT (Fig. 8). The tumor -
showed nonspecific signal characteristics on T1-

hyperplastic change of the adjacent bone. Sig-
nal characteristics were nonspecific on T1- and
images, However, perifocal
edema was found in three cases in the adjacent
white matter on T2-weighted images.

Fig. 5—4-year-old boy with recur-
rent retinoblastoma who underwent
enucleation, irradiation, and chemo-
therapy. Coronal contrast-enhanced
Ti-weighted image (TRTE, 400/15)
shows multiple leptomeningeal ms-
tastases |arrowheads),

Fig. 6.—0steosarcoma in 25-year-
old man with hereditary retinoblas-
toma who underwent enucleation,
irradiation, and chemotherapy of
both eyes. Axial CT scan shows
faintly calcified mass (arrowheads)
of temporal bone invading both brain
and soft tissues,

Differentiotion Between Recurrent Tumors and
Second Primary Neoplosms

Peripherally located intralesional calcification
was found in all type A and in 33% of type B w-
mors on unenhanced CT. However, this finding
was similar to that of osteosarcoma arising in the
orbit. Three invasive patterns of recurrent tumors
were identified on CT or MRI, whereas only two
patients with second primary tumors showed
these patterns, However, this configuration of in-
vasive patterns did not assist in the differentiation
of recurrent tumors and second primary neo-
plasms (Table 3). Brain metastases and lepto-
meningeal metastases were found only in
tecurrent huniors. A statistically significant differ-
ence was found in intra- and extraorbital location
of tumors between recuirent mmors and second
primary neoplasms {Table 4). ’

Discussion
In our study, we described the CT and MRI
findings of both recurent turmors and second

Fig. 7.—Rhabdomyosarcoma in 5-
year-old girl with retinoblastoma who
underwent irradiation in right eye.
Axial T2-weighted image (TR/TE,
52001105 shows well-defined soft-
tissue mass srising from deep aspect
of temporal muscle. Tumor {arrow-
heads) shows high signal intensity
relative to muscle.

Fin. B-Maksnant fibous heshocy-
toma in 16-year-old girl with hereditary

" reinoblastoma who underwent enu-
cleation and irradiation in right eve, Ax-
ial cantrast-enhanced CT scan shows
imegular mass {arrow) with bone de-
struction in orbit.

AJR:181, September 2003



Fig. 9.—Meibomian gland carcinoma
in 20-year-old woman with hereditary
retinoblastoma who underwent enu-
cleation and irradiation,

A, Axial Tt-weighted image {TA/TE,
600M15) shows well-defined soft-tis-
sue mass {arowl in orbit

B, Axia! contrast-enhanced T1-weighted
image [B0L/15) shows marked enhance-
ment of tumor.

primary neoplasms in patients with retinoblas-
toma. The short latency among patients with
retinoblastoma is one factor that E1COUnges us
to question whether their new lesions are re-
current tumors or second primary neoplasms.
" Second primary neoplasms tend to appear af-

ter longer intervals, ,usually showing a latent

period of at Jeast 10 years [1, 2). This finding
was mostly in accordance with our results,
However, two cases of second primary neo-
plasms had much shorter latent periods of 15
months. Qur results show that both the recur-
rent tumors and the second primary neoplasms
may be seen in the same latent periods. The
type of second primary neoplasm appears to

be related to the latent period. Rhabdomyosar-,

coma seems to occur earlier than other tusmors,
with a relatively short latency ranging from 15

to 83 months. Osteosarcoma is usually consid--

Fig. 10—Meningioma in 24-year-old

man with hereditary retinoblastoma
who underwent enucleation and iradi-
ation. Axial contrast-enhanced Ti-
weighted image {TR/TE, 600/15) shows
exiraaxial mass with marked enhance-
ment adjacent to sphenoid bone.
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CT and MRI of Retilioblast_:oma

ered to be the most frequent second primary
tumor in patients with hereditary retinoblas-

‘toma. The relatively short follow-up periods in

earlier studies probably gave the misleading
impression that it is osteosarcoma that prefer-
entially develops in patients who have sur-
vived a hereditary tumor at an earlier age than
other types of second primary neoplasms.

CT and MRI can show tumor extension by
three types of growth pattemns in primary retino-
blastoma: the endophytic type, in which the -
mor projects autedorly and - grows into the
vitreous; the exophytic type, in which the aumor
orises intraretinally and subsequently grows into
the subretinal space; and the diffuse infiltrating
type, in which tumor growth in the retina appears
as a plaquelike mass [14-16]. Our results also
suggested that three growth pattems might exist
in recurrent retinoblastoma, and that CT and

MRI can detect tumor extension: intraocular tu-
mor (type A), intraorbital tumor with local spread
into the optic nerve (type B), and tumor extend-
ing to the lateral aspect of the orbit and invading
the brain via the sphenoidal bone (type C).
Different types of second primary neo-
plasms have also been documented in previous
studies, with most of the second primary neo-
plasms being soft-tissue sarcomas, followed
by melanomas, brain tumors, leukemias, and
other epithelial tumors [1-9). In our study, the
most common types of second primary neo-
plasms in patients with retinoblastoma were
osteosarcoma and rhabdomyosarcoma.
Osteosarcoma is one of the most frequent
second primary neoplasms originating from a
previously irradiated region. Calcification
within the tumor that depends on the amount of
mineralization is observed on CT. Four of our
patients showed central calcification within the
mass on unenhanced CT. An important feature
to diagnose osteosarcoma on CT may be central
calcification within the mass situated in the ira-
diated field, including the intraorbit, temporal -
bone, and ethmoid bone. Extraskeletal osteosar-
coma presents nonspecific signal characteristics
on MRI: a mass with mixed low signal intensity
on T|-weighted images and mixed but predom-
jnantly high signal intensity on T2-weighted
images [23-25), Fluid-fluid levels, sugzestive
of hemorrhage, were identified in two of our pa-
tients on T2-weighted images: this finding was
consistent with a previous report [23].
Rhabdomyosarcoma also presents with
rather nonspecific CT and MR findings, but
some characteristic findings were discovered
in‘our patients, All thabdomyosarcomas arose
within the region previously irradiated. As a
role; thibdemyosaroomas in the head and
neck region grow rapidly, often in an infiltra-
tive and destructive manner [26, 27). However,
all of our patients presented with well-defined
masses with ovold contours situated in the tem-
poral muscle on both CT and MRI. The MR
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| TaBtes [ W [seto
Type A Type B TypeC
invasive Types
No. % No. % No. %
Recurrent tumor {n=21) 13 62 6 28 2 g
Second primary neoplasm (n=2)| 0 1 50 50

. Note.—Patients with distert metsstases are excluded. Invesive patterns do not helpto distinguish recusrent tumors end sec-
ond primary neoplesms by Spearman’s rank correlation test (p = §.11). Type A = intraccular tumor, type B = intreorbital tumer
with spread into optic nerve, type C = tumor extending to lateral aspect of orbit and invading brain via sphennidal bone,

%‘i R i
Extraorbital
Characteristics
.- i No. Range No. Range
Recurrent tumor {rr=34) bil 62 13 38
Second primary neoplasm [n= 17} 2 n 15 B8

Note.—Significant difference was found between twe groups by Fisher's exact probability test { p < 0.001).

signal characteristics and enhancement patterns
identified on both contrast-enhanced CT and
MRI were nonspecific. Few characteristic im-
aging findings reflect the degree of cellularity;
the relative amounts of collagen; and the pres-
ence and extent of secondary changes such as
hemorrhage, necrosis, and ulceration.

The initial therapy for primary tumors has
been enucleation of the most severely affected
eye and irradiation of the contralatera) eye 10
preserve vision. Patients with hereditary retino-
blastoma may have an increased susceptibility
to the induction of second primary neoplasms
by radiation [28).

Radiation increases the total risk in addition
to the already high incidence because more
second primary tumors develop in the iradj-
ated ficld than outside the irvadiated field [2].
Sarcomas can be categorized as radiation-in-
duced if they meet the following criteria: tu-

mor must. develop within the boundaries of a |

previously irvadiated area, a relatively long
asymptomatic latent period (2 4 years) must
have elapsed; the tumor must have a different

histology from the original lesion, and the t-

mor must be histologically confirmed - [28).
. Most of our cases of second primary neo-
plasms arose in the imadiated field. However,
. some tumeors occuned with. relatively short la-
tency and outside the imadiation field, Similar
findings have suggested that nearly all second
Pprimary neoplasms occur among hereditary re-

linoblastoma tmors, and that many second
primary tumors occur outside the imadiation
field, with some among nonirradiated tumors

[2, 28], Second primary neoplasms in patients

with retinoblastoma may océur both as a result
of, and independently of, radiation therapy.
Bowever, the follow-up period and the number
of patients with second primary neaplasms in
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our study are not sufficient for conclusive anal-
ysis. Further follow-up study is necessary to
evaluate the relationship between irradiation
and the occumrence of second primary neo-
plasms in patients with retinoblastoma.

In conclusion, several kinds of imaging fea-
tures were present both in recorrent tumors
and in second primary neoplasms in patients
with retinoblastoma. The tomor distribution on

CT and MRI may help in differentiating recur-

rent tumors and second primary neoplasnis.
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complications of SNAD. The axillary failure rate (AFR} in patients with breast cancer treated with lumpectomy, SNAD, and
radiation therapy (RT) with breast tangents alone has been reported to be less than 3%. This has resulted in the elimination of
the axillary radiation field in patients with negative lymph nedes thus reducing the toxicity profile. In this study, we compared
the rates and patterns of AFR in patients treated with SND only versus SNAD followed by local breast tangent RT while
excluding the axillary field.

Materials/Methods: 193 consecutive patients with AJCC stages I and II breast cancer treated with either SND or SNAD
followed by RT to the breast tangents only to a median dose 65 Gy (range, 50-74 Gy) between 1997 and 2001 were evaluated
in a serial retrospective manner. There were 121/193 (63%) patients treated with SND alone, and 72/193 (37%) treated with
SNAD. All patients were planned using CT stimulation, and the majority of patients® levels I and II axillary nodes were either
partially or completely encompassed by the standard tangents, The two cohorts of breast cancer patients were similar for age,
stage, technique of sentinel lymph node examination, adiuvant systemic therapy, follow-up, grade, margins, and menopausal
status, Patients were seen in our clinics every 3-6 months for the first five years following completion of the breast conserving
therapy. Fischer's exact tests were used in comparing the outcomes of two groups for the rates of AFR, ipsilateral breast temor
recurrence (IBTR), and metastatic disease. A S-year progression free survival (PFS) was compared using logrank test.

Results: The median follow-up of the entire patient population was 34 months (range, 1470 months). The incidencé of
metastatic disease in axillary lymph nodes in patients treated with SND followed by breast tangent RT only was 0/121 (0%).
Similarly, we found 0/72 (0%) patients treated with SNAD experienced a local AFR following the completion of breast
conserving therapy. The results of rates of AFR, ipsilateral breast tumor recurrence (IBTR), metastatic disease, and a 5-year
progression free survival (PFS) are summarized in the table.

The rate of complications - seroma formation, wound infection, hematoma, numbness, loss of strength, loss of range of

motion, impaired vse of arm, and chronic lymphedema - was increased when SND was followed by SNAD. In contrast, no -

patients undergoing SND alone experienced numbness, tingling or paresthesia.

Conclusions: This study provides early evidence that patients with early stage breast cancer treated with SND followed by
tangent breast RT only while omitting the axillary field have low AFR. Furthermore, thesa findings should reassure physicians
that eliminating the treatment of the axillary field in patients with negative sentinel lymph nodes witheut a complete axillary
dissection may provide excellent long-term cure rates while avoiding morbidities, and ongoing prospective randomized trials
will definitively answer this question.

SND SNAD p-value
Percent AFR at 3 years (0?1%2;1) ((? ,362) NS
Percent IBTR at 3 years . (loif;ll?) ((?;?2) 1.0
Percent metastases a1 3 years (?/:;Z;) (22",8.‘,20) 0.56
S-year actuarial PFS 92% 94% 0.70

Patterns of Care Study: Comparison of Process of Post-Mastectomy Radiotherapy in Two Surveys in
Japan and That in USA

N. Shikama,'? 8. Sasaki,'® A. Nishikawa,"? M. Mitsumeri,2 M. Hiraoka? C. Yamauchi,? T. Yamamoto,? T. Teshima,? F,
Wilson,? J. Owen®

‘Radiology, Shinshu University, Matsumato, Nagano, Japan, *Japan PCS Working Subgroup of Breast Cancer, Japan,
Oosaka, Japan, *Breast Subcommitiee of PCS, American Collage af Radiology, Philadelphia, PA

Purpose/Objective: The Patterns of Care Study (USPCS) by the American Collage of Radiology has made significant
contributions to improvements in the process of care for patients with breast cancer in the United States, The Japan Patterns
of Care Study Group (JPCS) started its national survey from 1998, The first goal of this study was to identify changes associated
with the process of care for patients undergoing post-mastectomy radiotherapy (PMRT) by comparing Japanese two surveys.
The second goal was to compare problems with PMRT identified in the JPCS and compare them with those identified in the
USPCS.

Materials/Methods: JPCS conducted two national surveys. The first survey (JPCS-1) collected the data of patients treated
between 1995 and 1997 and the second (JPCS-2) those of patients treated between 1999 and 2001. The patients and institutions
were selected by means of two-stage cluster sampling. JPCS-1 included 40 large academic (Al) or large non-academic (B1)
institutions and 39 small academic (A2) or small non-academic (A2) institutions, while JPCS-2 has collected data from 38 Al
or B institutions only, However, JPCS-2 is still being conducted, and it has not completed collection of the data from A2 and
B2 institutions. JPCS-1 included 693 patients who were treated with conservative therapy or PMRT in academic institutions,
and JPCS-2 included 431 cosresponding patients. We compared the process of care for the patients undergoing PMRT in Al
and Bl institutions in the two surveys. The USPCS collected the data of patients with breast cancer who were treated at 55
institutions between 1998 and 1999,

Results: JPCS-1 included 128 patients (18%) who received PMRT, while JPCS-2 included 37 patients (8%) (p < 0.0001). In
comparison, the USPCS included 407 such patients, Modified radical mastectomy was performed for 66% of the patients in
JPCS-1, for 81% in JPCS-2, and for 93% in USPCS, while axillary node dissection was performed for 99% in JPCS-1, 100%
in JPCS-2, and 98% in USPCS. T3-4 stage accounted for 29% of the patiens in JPCS-1, for 25% in JPCS-2, and for 23% in
the USPCS. Of the patients in JPCS-1, 55% had more than three axillary positive nodes and 75% in JPCS-2 did (p = 0.028).
In the USPCS, 46% of the patients had multiple axillary nodes. Chest wall iradiation was performed for 26% of the patients
in JPCS-1 and 72% in JPCS-2 (p < 0.0001), supraclavicular irradiation for 83% of the patients in JPCS-1 and 78% in JPCS-2
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(p = 0.242), and parasternal irradiation for 66% of the patients in JPCS-1 and 59% in JPCS-2 (p = 0.435). The iso-dose curve
was calculated for 50% of the patients in JPCS-1, and 58% of those in JPCS-2 (p = 0.143), According to the USPCS, chest
wall, supraclavicular, and parasternal irradiation were performed for 979%, 98%, and 19% of the patients, respectively. The
iso-dose curve was calculated for 90% of patients in the USPCS.

Conclusions: There was little difference regarding surgical management between the two JPCS surveys, JPCS-2 made it clear
that the administration of PMRT has been reduced, but PMRT used for patients with multiple axillary positive nodes frequently.
More complex radiation techniques including chest wall, supraclavicular and parasternal irradiation were used in JPCS-2 than
in JPCS-1, but the iso-dose curve was calculated for only half of the patients in JPCS-1 and -2. Acceptance of the USPCS as
a desirable model indicates that calculation of iso-dose curves should be petrformed for all patients,

2076 Patterns of Care Study of Breast Conserving Therapy in Japan: Comparison of the Treatment Process
{ Between 1995-1997 and 1999-2001 Surveys

M. Mitsumori,' C. Yamauchi,' H. Sai,' T. Imagunbai,' M. Hiraoka,' N. Shikama,? S. Sasaki,? T. Yamamoto,? T. Teshima®

'Department of Therapeutic Radiology and Oncology, Kyoto University Graduate School of Medicine, Kyoto, Kyoto, Japan,
’Department of Radialogy, Shinshu University, Matsumoto, Nagano, Japan, *Department of Medical Physics &
Engineering, Osaka University Graduate School of Medicine, Suita, Osaka, Japan

Purpose/Objective: The number of the patients with breast cancer who undergo breast conserving therapy (BCT) has been
rapidly growing in Japan, and approximately 40 % of the patients received BCT in the year of 2000. However, it was not unti
1999 that the Japanese Breast Cancer Society (JBCS) published its treatment guideline for BCT. The purpose of the study is
1o compare the results from 1995-1997 national survey and 19992001 national survey, and evaluate the impact of the
treatment guideline published meanwhile,

Materials/Methods: The first national survey on the process of BCT collected the data of 865 patients from 72 institutions who
were treated between 1995-1997. Similarly, the second nationa] survey collected the data of 665 patients from 62 institutions
who were treated between 1999 and 2001. The data was collected by external audit in which the patients’ clinical records were
retrospectively reviewed by visiting radiation oncologists. The extent of surgery, prescription and technigue of radiation
therapy, and the regimen of systemic chemo-endocrine therapy were compared between two surveys.

Results: There was a significant reduction in the extent of breast surgery and more patients received wide excision in
19992001 survey. This resulted in significantly increased ratic of patients with positive/close margin in 19992001 survey,
Consequently, the ratio of the patients who received boost to the tumor bed was significantly higher in 1999-2001 survey, Use
of a simulator, fixation system such as cast or shell, and wedge filters were significantly more common in 19992001 survey.
Although the ratio of node-positive patients who received any form of chemotherapy was not significantly different in two series, the
ratio of the patients who received intensive chemotherapy was significantly increased in 1999-2001 series. (Table 1.)

Conclusions: 19992001 survey thus demonstrated the trend in the treatment process of BCT in Japan, In the surgical aspect,
there was a clear movement towards smaller surgery although lumpectomy was still seldom employed, Radiation therapy
correspondingly increased its role by increasing the dose to tumor bed, Systemic chemo-endocrine therapy also became more
consistent with international guidelines. These treatment guidelines for BCT seem to have great impact on the patterns of care
in Japan, considering the rapid change in this short interval.

l%s-;:?l‘z;urvey 1999—:22; ssurvej" pvalue
Extent of fina! breast surgery:
Lumectomy 471865 (5.4%) 55/655 (8.4%)
Wide excision 325/865(37.6%) 414655 (63.2%) p<0.00]
Quadrantectony 493/865 (57.0%) LB&/655 (28.4%)
Patholagic margin status:
Positive . G5/865 (1.5%) B5/655 (13.%) p<0.001
Close (2mm or tess) 40/865 (4.6%) 374655 {5.6%) N.§,
Negative 6637265 (76.6%) 307/655(77.4%) N.S.
Usknown f Missing 9NBES (11.2%) 24/655 (3.7%) p<0.001
Boost was given to:
Margin positive 35/65 (53.9%) 69/85 (81.2%) p<0.00[
Margin close (2mm or Jess) 18740 (45.09%) 23137 (62.2%) NS,
Margin ncgative B0V663 (12.1%) 69/499 {13.8%) N.5.
Margin unknown 14/97 {14.4%) 8726 (30.8%) p=0.05
Simulator uscd TI6/863 (89.9%) 6337654 (96.8%) p<0.001
Cast or Shetl was used 282864 (32.6%) 373/653 (57.1%) p<0.001
Wedge was used 3887781 (49.7%) 3B0/26 (60.7%) p<0.001
Chemotherapy wos given to node posilive: 103/159 (64.8%) 108/146 (74,0%) N.5.
Intensive chemathernpy® was given to node positive: 37159 (23.3%) 53/146 {36.3%) p=0.0t
*includes chemothurapy which incorporaies at least one of the following: Doxorubicin, Cyclophosphamide, Methotrexate,
Mitomycin, Mitoxantrone, Paclitaxcl, Vinblastine, and Vincristine.
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2 133 Radiation-Induced Liver Disease in Three-Dimensional Conformal Radiotherapy for Primary Liver
Carcinoma
G. liang,' . Liang,' X. Zhu* X Fy,' H. Lu?

‘Department af Radiation Oncology, Fudan University Cancer Hospital, Shanghai, China, *Department of Radiation
Oncology, Guangxi Medical University Cancer Hospital, Nanning, Ching

Purpose/Objective; To identify the risk factors of radiation-induced liver disease (RILD) in three-dimensional conformal
radiotherapy (3DCRT) for primary liver carcinoma (PLC) and find a dosimetric threshold for RILD.

Materials/Methods: Between April 1999 and August 2003, 128 patients with PLC were treated by 3DCRT at Cancer Hospital,
Guangxi Medical University, All of the patients were technical unresectable or medical inoperable duc to poar liver function
or cardiovaseular diseases, The clinical characteristics of these patients were as follows: 113male, 15 female: median age of
48.2(27-72); with portal vein thrombosis (PYT) in 34 cases, without in 94 cases; liver cirthosis of Child-Pugh grade A in 108
cases, Child-Pugh grade B 20 cases. 3DCRT was carried oyt by 8MV x-ray with Topslane treatment planning system. In 48
patients transarterial chemoembolization (TACE) was performed prior to 3DCRT with DDP, ADM and MMC,

3DCRT was delivered by4.88 + 0.470y(4-80y)/fraction, three fractions per week (Mon., Wed, Fri,) with a median total dose
of 33.6Gy. The mean value of Eross target volume (GTV) was 458.92 + 429.8 em3.

RILD was defined as either anicteric elevation of alkaline phosphatase level of at least twofold and non-malignant ascites
(classic RILD), or elevated transaminases of at least fivefold the upper limit of normal or of pre-treatment level(non-classic
RILD). The diagnosis of RILD should be distinguished from the progression of PLC, which occurred withjn 4 months,

Parameters evaluated for the occurrence of RILD included: gender, age, GTV, AFP level, HBY, PVT, TACE, Child-Pugh
grade of liver cirrhosis. Among 128 patients, 84 patients had complete 3-dimensional dose-volume data, and these dosimetric
parameters, including DVH were also analyzed,

GTV, PVT and Child-Pugh grade of liver cirrhosis had correlation with occurrence of RILD, in favor of small GTV, without
PYT and Child-Pugh grade A (p = 0.000, 0.002, 0.001, respectively). The Grade of hepatic toxicity of Common Toxicity
Criteria (Version 2.0) during 3DCRT alse related to RILD {p = 0.000).

Ten of 84 patients, who had 3DCRT dosimetric daa developed RILD after treatments. When whole liver volume was taken
as a single organ, which included normal liver and tumors, the mean whole liver dose was significantty higher in patients with
RILD than those without (27.5Gy * 8.5Gy v5.33.90y * 59Gy,p = 0.027). Multivariate analysis demonstrated that only
Child-Pugh grade of liver cirrhosis played an independent factor (p = 0.000, RR = 29.7) for occurrence of RILD with much
high incidence for Child-Pugh B patients. In Child-Pugh grade A patients, the threshold of dosimetric parameters, which would
not produce 5% of RILD was 81% for V5, 69% for V10, 51% for V1S, or 429% for V20.For Child-Pugh A patients, when
mean normaj liver (excluding tumors) dose was =19Gy(33 cases), there wag no case of RILD (0%),whereas, when mean
nermal liver dose was over 19Gy.the incidence of RILD was 2/36(5.6%).The incidence of RILD were 0/38(0%) and
2/31(6.5%), respectively for mean whole liver dose of =28Gy and >28Gy. In Child-Pugh grade B patient, the probability of
developing RILD was 53% (8/15),which implied that the doses used in this study was not tolerable,

Conclustons: Liver cirthosis was the most critical risk factor for cccurrence of RILD when PLC was treated by irradiation. For
Child-Pugh grade A patients, the safe threshold dose could be 81% for V5, 69% for V10, 51% for V1S, or 42% for V20, and
mean normal liver dose of 19Gy or mean whole liver dose of 28Gy when 3DCRT was carried out by fractionation used in this
study. The fractionation and tota] doses implemented in this study was not tolerable for PLC patients with liver cirrhosis of
Child-Pugh grade B, aad not recommended for the further clinical trials,

134 adiation Therapy for Elderly Esophageal Cancer Patients; Results of the Patterns of Care Study in
Japan

M. Kenjo,' T. Uno,2 M. Oguchi,* K. Gomi,* T. Yamashita," Y. Hirokawa,* T. Inoue,® T. Ogata,® T. Teshima®
£l. Lenjo

! Radiology, Hiroshima Universiy, Hiroshima, Japan, 2Radiation Oncology, Chiba University, Chiba, Japan, "Radfaiogy,
Cancer Institure, Tokye, Japan, "Radiolog_v. Jyuntendo University, Tokyo, Japan, *Soseikai General Hospital, Kyoto, Japan,
SMedical Technology, Osaka Universiry, Oscaka, Japan

Purpose/Objective: To examine the treatment process and outcome of elderly patients with esophageal cancer treated by
radiation therapy (RT).

Materials/Methods; A national survey of 52 facilities including both academic and honacademic institutions was conducted
using the original two-stage cluster sampling. Detailed information was accumulated on 470 patients with cancer in the thoracic
esophagus who had received RT between 1999 and 2001, The median age was 68 years old. Thirty-seven percent were aged
64 years old or Jess (YG), 34% were aged between 65 and 74 years old (MG) and 29% were aged 75 years old or more (EG).
According to a modified 1983 American Joint Committee on Cancer staging system, 21 percent of all patients had elinica) stage
(CS) I disease, 33% had CS I and 44% had CS HI. In EG, 78% percent were male and 22% were female, All patients had
squamous cell carcinoma histology and 53% had main tumor in mid thoracic esophagus. Performance statys, accompanied
medical complications, use of chemotherapy and esophagectomy, survival and complication were anafyzed and compared
between EG and other age groups.

Results: Kamofsky performance score (KPS) less than equal 70 idemtified in YG, MG, EG were 15%, 19%, 36%, respectively
{p = 0.007. Frequencies of accompanied pulmonary disease in YG, MG, EG were 10%, 17%, | 7% (p = .210), cardiovascular
disease were (9%, 35%, 48% (p = 0.001), and diabetes were L%, 13%, 15% {p = 0.593). Esophngecromy was applied to 52%,
27%, 4% in YG, MG, EG (p = .00I). Chemotherapy was used for 73%, 74%, 33% in YG, MG, EG (p = 0.00N.
Esophagectomy and chemotherapy were significantly less used in EG. Cisplatin and 5FU were used for 17% and 25% of EG.
Completion rates of planned treatment were not significantly differ on ge groups (84%, 88%, 90% in YG, MG, EG (p = .278)).
Median total external RT dose for patients who did not recejve esophagectomy was 60Gy, 60Gy, 61Gy in YO, MG, EG,
respectively (p = 0.089), The average longitudinal field size in EG was 16.4cm whereas 20.6¢cm in YG and 18.0cm in MG. EG

/.
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patients were treated with significantly smaller field than YG (p = 0.001) and MG (p = 0.016). The median follow up period
Sl from radiation therapy was 10 months. Two-year overall survival rates for all patients of CS L, II and III were 73%, 60% and
: \ =y 43%, respectively (p == 0.001). Two-year overall survival rates for YG, MG and EG were 58%, 54% and 49% (YG vs. EG;

: p=0057, MG vs.EGip= 0.323). Significant variables for overall survival in multivatiate analysis include CS Tor It disease,
" KPS equal 90 or 100 and receiving esophagectomy. Age, Sex, institution type and receiving chemotherapy were not significant
prognostic factors, Acute toxicities with RTOG grade 2 or more were not significantly correlated with age groups (26%, 28%,
18% in YG, MG, EG (p = 0.325)).
Conclusions: Although elder esophageal cancer patients wreated by RT less frequently receive esophagectomy or chemotherapy
than younger patients, age was nat the significant prognostic factor and did not affect the acute toxicities. Elder patients may
take considerable benefit from definitive RT.

This study was supported by the Grant-in-Aid for Cancer Research frotm the Ministry of Health and Welfare (14-6) in Japan.
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Univariate and Multivariate Analysis of Survival
Univariate Multivariate
2-Year Survival Rates p-value p-value Risk Ratio
A Stape, T and 1 vs. ITI 0.652 0434 0.001 €.001 2.196
- . : Age, <=74 vs. >=75 0.560 0.491 0:099 0993 1.002
) KPS, 90-100 vs. 60-80 0.651 0.475 0.003 0.022 1,645
Sex, male vs. female 0.528 0.650 0.169 0.230 0.694
Institution, academic vs. non-ac. 0.560 0.523 0.760 0.486 0.868
Chemotherapy, yes vs. no 0534 0.545 0.805 0.823 0.949
Esophagectomy, yes vs. no 0.627 0.504 0.001 0.015 0.555

2135 Real-Time Monitoring of a Digestive-Tract Marker to Reduce Adverse Effects of Moving Organs at Risk
(OAR) in Radiotherapy for Thoracic and Abdominal Tumors

T. Hashimoto,’ M. Kato,? H. Shirato,' §. Shimizu,! Y. Ahn® N. Kurauchi,? T. Morikawa,® K. Yamazaki,* Y. Akine,” K.
Miyasaka’

'Radiology, Hokkaido University, Sapporo, Japan, 23rd Internal Medicine, Hokkaido University, Sapporo, Japan, *1st .
Surgery, Hokkaido University, Sapporo, Japan, *Ist Internal Medicine, Hokkaido University, Sapporo, Japan, *2nd L
Surgery, Hokkaido University, Sapporo, Japan, SRadiation Oncology, Samsung Medical Center Surghyunkwan University :
Schaol of Medicine, Seoul, South Korea, “Radiation Oncology, Tsukuba University, Tsukuba, Japan
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Purpose/Objective: For the majority of thoracic and abdominal tumors, moving serial organs such as the esophagus and
duodenum are the organs at risk (OAR). The aim of the present study was to evaluate the feasibility of real-time monitoring
of a fiducial marker in the digestive tract and to analyze the motion of the OAR so as to determine a reasonable internal margin.

C . Materials/Methods: A fluoroscopic real-time tumor-tracking radiotherapy (RTRT) system was used to monitor the position of

: S a metallic fiducial marker in or near the digestive tract every 0.03 s by means of two sets of diagnostic fluoroscopy n the
SR wreatment room. We developed two methods to insert a fiducial marker into or neat the digestive tract adjacent to the target

’ volume. One method involves an intra-operative insertion technique using a thread and a bead, & 2.0-mm gold marker witha -
0.5-mm pinhole. The bead can be fixed by suturing the thread into or near the ‘organs at risk. The other technique involves  °
endoscopic insertion of the marker into the submucosal layer of the normal digestive tract with the aid of a special long needle
{Olympus, Tokyo) to avoid dropping the fiducial markers from the mucosal surface. The feasibility of inserting the submucosal
rmarker and the stability of the marker were evaluated in this study. The motion of the esophagus and duodenum was evaluated
using tracking data from the RTRT system. The position of the marker in the OAR was monitored during irradiation so as to

not irradiate the tumor when the marker in the QAR was moving into the high-dose region.

; Results: Thirty-two patients were entered into this study. Fourteen markers (two in the mediastinum and 12 in the abdomen)

i1 in 14 patients were implanted intra-operatively without any displacement. Nineteen markers {13 in the esophagus, 2 in the

o stomach, and 4 in the duodenum) in 18 patients were implanted into the submucosal layer using endoscopy. The marker was

v ¢ successfully implanted into the submucosal layer and maintained in the same place in 12/13 cases in the esophagus, 1/2 in the

fq : stomach, and 3/4 in the duodenum. No symptomatic adverse effects related to insertion of the marker were demonstrated. The

A mean/standard deviation of the range of motion (median, 95% confidence interval of the marker position) of the esophagus was

V1 B 3.5/1.8(3.3,1.5-68)mn, 8.2/1.8 (8.4, 1.3-154) mm, and 3.8/2.6 (2.6, 2.0 - 10.8) mm for lateral (R-L), cranio-caudal (C-C)

AR i and anterg-posterior (A-F) directions, respectively. Respiratory and cardiac motion was detected in the frequency analysis. The

! o magnitude of the motion varied individually and changed during the delivery of irradiation in the same patient, The range of

: : motjon was the largest in the C-C direction in 9 patients, the A-P direction in 2 patients, and in the R-L. direction in none, The

S median range of motion {95% confidence interval of the marker position) of the duodenum was 10.4 (6.8 - 11.6) mm, 222(11.2

NI v - 25) mm, and 10.5 (104 - 16.2) mm for the R-L, C-C, and A-P directions, respectively. The frequency analysis showed the
IR duodenal motion to be influenced by involuntary bowel movement as well as respiratory motion. :

I Conclusions: Intra-operative and endoscopic insertion of a fiducial marker into the gastro-intestinal tract for the monitoring of ;
Lo organs at risk is safe and feasible. The motion analysis snggested that the internal margin should be determined to cover a mean

s range of 4, 8, and 4 mm for the esophagus and 10, 22, and 11 mm for the duodenum in R-L, C-C, and A-P directions,

i respectively. Using fluoroscopic individual verification of the marker every treatment day, the margin for internal motion can

be individualized, and unnecessary jrradiation of these digestive tracts can be significantly reduced. ‘
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