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Table 3. Initial recurrence®

Volume 75, Number 2, 2009

Table 5. Late complications*

Local Distant Local and distant

2(7) 11 (38) 1(3)
Cervix: 1 PAN: 8 Cervix +P: 1
Vagina: 1 LN+ lung: 1

LN + lung + liver: 1
Lung + bone: 1

Abbreviations: PAN = pata-aortic lymph nodes; P = peritoneal
cancer; LN = lymph nodes.

Values are number (percentage).

* Including 1 local uncontrolled case.

metastases exist in the CCRT group, Thus, in Japan it is still
uncertain whether CCRT can improve the survival rate in the
present report.

Table 6 shows treatment results of IAIC in other studies
and from the present study (21, 24, 25, 27, 29, 31-33,
35-37). Intra-arterial infusion chemotherapy is considered
useful for improvement of local control because it makes pos-
sible high concentrations of drug distribution for the local re-
gion and greater antitumor effects and fewer systemic
adverse effects than with systemic chemotherapy in CCRT.
Many investigations have shown good response rates after
neoadjuvant chemotherapy or concomitant use with RT,
ranging from 41% to 100% (17-38). However, some investi-
gators point out that there is no definite survival benefit from
using JAIC with RT for advanced cervical cancer compared
with RT alone (24, 29, 35). On the other hand, the technique
of IAIC requires a lot of skill. The technical successful rates
were 100% in this study. We believe the reasons for this are
the good catheterization technique of the interventional radi-
ologists and the management of trouble in our institution.
Systemic chemotherapy provides lower concentrations of
drug distribution for the local region than IAIC, but its
method and management are easy and universal. No pub-
lished study has compared treatment results of intravenous
chemotherapy vs. intra-arterial chemotherapy. Therefore, it

Table 4, Acute toxicities™

Grade
Toxicity 0 1 2 3 4

Hematologic

Anemia 6(21) 93y 12¢41) 2 O

Leukocytes 3100 1035 9@l 74 0
Thrombocytopenia 26 (90) 2 (7) 13 0 0
Gastrointestinal

Nausea 15¢(52) 8(28) 5071 13

Diarrhea 18(62) 8(28 3(10) 0
Tleus 28 (97) 0 0 1(3)
Cystitis 25(86) 3(0) 13 "0
Fever 1965 6@21) 4014 o
Neurologic 28097) 1(3) 0 0 -

Values are number (percentage).
* According to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 3.0.

DOOOOO

Grade
Toxicity 0 1 2 3 4 5
Bladder 2587 13 2 13 o0 0
Rectum 23(80) 2( 3Q0 0 0 13
Smallbowel 24(83) 2(7) 0 3(10) © 0
Leg edema 26 (90) 0 3(10) 0 0 0
Bone 207 1) 0 0 0 0

* According to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Bvents version 3.0,

is uncertain whether either intravenous chemotherapy or
intra-arterial chemotherapy is an effective treatment.

Effective drug distribution for the tumor is important, It
has been doubtful whether appropriate drug distribution is
obtained for the tumor. Some investigators have evaluated
the blood flow distribution using **"Tc-MAA from the iliac
artery to the pelvis, the tumor, and superior and inferior glu-
teal parts (20, 25, 26, 38). We used angio-CT to determine
whether the tumor was enhanced evenly. We confirmed
that the drug was adequately distributed in the tumor, We de-
termined the proportion of CDDP dose to bilateral arteries,
and homogeneous distribution for the tumor was obtained,

A high local control rate has been reported by some inves-
tigators (17, 19, 20, 32, 35). Also in our study, local recur-
rence was observed in only 3 patients, including 1
uncontrolled case (10%). The 5-year local control rate was
89%, and their overall survival rate was 62%. In our study tu-
mor size was a prognostic factor, but the difference was not
significant, Five-year survival rates for small-medium tumots
(n = 17; small 1, medium 16) and large tumors (n = 12)
were 74% and 46%, respectively (p =0.083). Some investiga-
tors (32, 35, 37) have stated that risk factors are tumor size,
lymph node metastasis, and pathologic findings. In our study,
the 5-year survival rate was 65% in the negative lymph node
metastasis group and 51% in the positive lymph node metas-
tasis group, which tended to be better in the negative lymph
node metastasis group; however, the differences were not
significant.

The most frequent initial site of distant metastasis was the
PAN (n = 11). These sites occupied 72% of recurrences (11
of 14). It seems that hematologic recurrence would be re-
duced rather than lymphatic recurrence by this combined-
modality treatment, It might be possible that a small amount
of CDDP used in IAIC would circulate the whole body after
injection of uterine artery and prevent some hematologic
micrometastasis.

Regarding acute toxicities, severe myelosuppression (Grade
3) was seen in 24% of patients but was transient and no inter-
ruption was needed, On the other hand, regarding late compli-
cations, Grade 5 proctitis was observed in 1 patient (3%). The
patient had chronic hepatitis. Several investigators (35, 48)
have reported that concomitant use of chemotherapy with
RT compared with RT alone causes an increase in acute and
late complications. In our case the patient had chronic hepatitis,
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Table 6. Intra-arterial infusion chemotherapy with radiotherapy for uterine cervical cancer: data from the literature

First author
(reference) Stage n Timing Regimen Method Courses RR*  5-y survival Side effects
Patton (21) IB-IVA 46 NAC B,C,M{JA) ol 1-3 76% 30 HG3, G4: 39%
vav)
Takashima (24) I 11 Cc C,p 0s 2 — 47% (3y) HG3,G4:45%
Tuji (27) HV 39 NAC C AP 08 1 e 57% RG3:11%B1G3: 0
(OL: 52%)
Morris (25) IB-IIB 16 CC FUDR, C CI 4 wk 88% — Pelvic fibrosis G1: 6%
Toita (29) IB-IVA 51 NAC C oS 1-2 48% 47% §$G3:2% RV: 4%
Kokubo (32) MA-IVA 24 CC C,TA 0s 2 — 67% (3y) HG3:70%
Kaneyasu (31) IIFIVA,rec. 52 CC LFM:A CI 35 1:63% CR:30% HG3:48% Bowel >G3: 21%
ILCM<F I:82% PR:13%
Onishi (39) mA~IVA 18 CC 1. C3 wk oS 2 100% 44% Bowel G3, G4: acute 33%,
2. CBDA/wk 5-6 100% late'44% H G3, G4 : 33%
3. C/day d1-21 100%
Chaney (33) mB-IVA 27 CC F/day d1-15 IIOB: 41% Skin G3, G4: 67% BL G5:
4% R GS5: 4%
Nagai (36) -Iv 32 CC Cl4 wk 0Os 2 — 52% H G3: 28%
Kawase (37) IB2-IVA 45 CC CorNe(A)y3wk OS d1 98% 81% R G4:2%
F (V)3 wk d14
Present study i1 29 CC C/4 wk 0s 2 — 62% H G3:24% Bl =G3: 3%

R =G3:3% S =G3: 10%

Abbreviations: RR = response rate; B = bleomycin; C = cisplatin; M = mitomyein-C; IA = intra-arterial chemotherapy; V = vincristine; IV =
intravenous chemotherapy; CI = continuous infusion; H =hematologic; G = Grade; CC = concurrent chemotherapy; P = peplomycin; OS = one
shot; NAC = neoadjuvant chemotherapy; A = Adriamycin; R = rectum; Bl =bladder; FUDR = 2-deoxy-5-fluorouridine; S = small bowel; RV =
rectovaginal fistula; TA = pirarubicin; CBDCA = carboplatin; Ne = nedaplatin rec. = recurrence; CR = complete response; PR = partial

response; F; 5-fluorouracil.
* Response rate of NAC group is just after chemotherapy.

and this medical complication would easily increase rectal
bleeding. When the adjustment of chemotherapy with RT is
decided, it should be carefully examined in consideration of
the patient’s underlying disease. In this study, Grade 3 late
complications of the small intestine were 10%. Rates of Grade
3 in our study are somewhat high compared with those other
studies except for one report (35).

Generally speaking, rare technical and catheter-related com-
plications of IAIC are subcutaneous hematoma of the puncture
area and peripheral thrombus. Other complications occurring
due to high-density medicine being distributed over the but-
tocks and the lower limbs are neuropathy and skin ulcer, In
this study only 1 patient (3%) had numbness of the bilateral
lower limbs due to sensorimotor neuropathy caused by distri-
bution of high concentrations of CDDP. It is believed that the
higher concentration of CDDP perfusing the sacral plexus is
the etiologic factor precipitating the neuropathy (18, 20). Ka-
vanagh et al. (18), LaPolla et al. (20), and Roberts et al. (26) in
a previous study of continuous intra-arterial infusion CDDP
with or without the fiuorouracil derivative 2-deoxy-5-fluorour-
idine, noted that 11-37% of patients developed neuropathy of
the lower extremity. Because the optimal platinum drug dos-
age, time interval, and' sequence of intra-arterial cisplatin in
conjunction with radiation are unknown, neurotoxicity should
be carefully documented in the future. v

To improve treatment results, the dose of intracavitary bra-
chytherapy in our radiation schedule was chosen to be higher
(6 Gy twice weekly) than in the general rules of Japan (39)
and general reports (41-47). It is not clear whether the cause
of good local control and/or a somewhat high rate of late

complications was RT or IAIC. However, both can become
the cause. As a result, after April 2008 we decreased the
dose of intracavitary brachytherapy to once weekly from
6 Gy twice weekly, to reduce late complications.

Onishi et al. (35) evaluated concurrent intra-arterial infu-
sion of platinum drugs with radiation therapy (IAPRT) for
patients with Stage IIl or IV uterine cervical cancer. Patients
were randontized to IAPRT or RT alone. The IAPRT group
had a better local response than the RT group buthad a poorer
survival rate, The reason the rate of local recurrence was high
despite a good initial local response might be the larger tumor
volume in the JAPRT group than in the RT group. In the
IAPRT group Grade 3 or 4 late bowel complications were
seen in 44% of patients and Grade 3 or 4 myelosuppression
in 33%, significantly mosre than in the RT group. Kokubo
et al, (32) reported no significant difference between radio-
therapy and transcatheter arterial infusion chemotherapy
(RT-TAI) and RT-alone groups. However, in the subgroup
with well or moderately differentiated squamous cell carci-
noma without pelvic lymph node swelling, the cause-specific
survival rate in the RT-TAI group was significantly better
than in the RT-alone group. In our study there were no signif-
jcant differences between the subtypes of squamous cell car-
cinoma. Kawase er al. (37) evaluated intra-arterial cisplatin/
nedaplatin and intravenous 5-fluorouracil with concurrent ra-
diotherapy for patients with high-risk uterine cervical cancer
and found a sutvival benefit compared with the RT-alone
group, despite this being a nonrandomized study. They men-
tioned that intra-arterial chemotherapy is expected to im-
prove local control whereas intravenous chemotherapy is

i
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expected to reduce the potential systemic disease in patients
with high-risk cervical cancer,

Our study showed good local control but a lot of extra-

pelvic distant metastases, especially PAN metastases.
Therefore, to decrease distant metastases it is thought
that some whole-body chemotherapies are necessary, We
confirmed excellent drug distribution directly by using

10.

11.

12.

13,

14.

15.
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angio-CT. To improve the survival rate for advanced cer-
vical cancer, it is advocated that IAIC be considered to
improve local control and that systemic chemotherapy
be considered to reduce potential systemic disease. To im-
prove the prognosis of these patients, we should further-
more consider a combination of IAIC and systemic
chemotherapy.

REFERENCES

. Percey R, Brundage M, Drouin P, et al. Phase Il frial comparing

radical radiotherapy with and without cisplatin chemotherapy in
patients with advanced squamous cell cancer of the cervix.
J Clin Oncol 2002;20:966-972.

. Percey R, Miao Q, Kong W, ¢t al. Impact of adoption of chemo-

therapy on the outcome of cervical cancer in Ontario: Results of
a population-based cohort study. J Clin Oncol 200725:
23832388,

. Eifel PJ, Winter K, Mofrls M, et al. Pelvic irradiation with con-

current chemotherapy versus pelvic and para-aortic irradiation
for high-risk cervical cancer: An update of Radiation Therapy
Oncology group trial (RTOG) 90-01. J Clin Oncol 2004;22:
§72~880.

. Eifel PJ. Chemoradiotherapy in the treatment of cervical cancer.

Semin Radiat Oncol 2006;16:177-185.

. Tseng CJ, Chang CT, Lai CH, et al. A randomized trial of con-

current chemoradiotherapy versus radiotherapy in advanced
carcinoma of the uterine cervix. Gynecol Oncol 1997;,66:52-58.

. Wong LC, Ngan HYS, Cheung ANY, et al. Chemoradiation and

adjuvant chemotherapy in cervical cancer. J Clin Oncol 1999;
17:2055-2060.

, Thomas G, Dembo A, Ackerman I, ef al. A randomized trial of

standard versus partially hyperfractionated radiation with or
without concurrent 5-fluorouracil in locally advanced cervical
cancer. Gynecol Oncol 1998;69:137-145.

. Lorvidhaya V, Chitapanarux I, Sangruchi S, et al. Concurrent

mitomycin C, 5-fluorouracil, and radiotherapy in the treatment
locally advanced carcinoma of the cervix: A randomized trial.
Int J Clin Oncol 2003;55:1226-1232.

. Roberts KB, Urdaneta N, Vera R, ef al. Interim results of a ran-

domized trial of mitomycin C as an adjunct to radical radiother-
apy in the treatment of locally advanced squamous-cell
carcinoma of the cervix. Int J Cancer Radiat Oncol Invest
2000;90:206-223.

Souhami L, Seymour R, Roman TN, et al. Weekly cisplatin plus
external beam radiotherapy and high dose rate brachytherapy in
patients with locally advanced carcinoma of the cervix. Int J
Clin Oncol 1993;27:871-878.

Chen SW, Liang JA, Hung YC, et al. Concurrent weekly cis-
platin plus external beam radiotherapy and high-dose rate bra-
chytherapy for advanced cervical cancer: A control cohort
comparison with radiation alone on treatment outcome and com-
plications, Int J Radiat Oncol Biol Phys 2006;66:1370-1377.
Morris M, Eifel PJ, Lu J, ef al. Pelvic radiation with concurrent
chemoradiotherapy compared with pelvic and para-aortic radi-
ation for high-risk cervical cancer. N Engl J Med 1999;340:
1137-1143.

Keys HM, Bundy BN, Stehman FB, ef gl. Cisplatin, radiation,
and adjuvant hysterectomy compared with radiation and adju-
vant hysterectomy for bulky stage Ib cervical carcindma.
N Engl J Med 1999;340:1154-1161. )
Rose PG, Bundy BN, Watkins BB, ef al. Concunrent cisplatin-
based radiotherapy for locally advanced cervical cancer. N Engl
J Med 1999;340:1144-1153.

Whitney CW, Sause W, Bundy BN, et a/. Randomized compar-
ison of fluorouracil plus cisplatin versus hydroxyurea as an ad-

~ 401 ~

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27,

28,

junct to radiation therapy in stage IIB-IVA carcinoma of the

‘cervix with negative para-aortic lymph nodes: A Gynecologic

Oncology Group and Southwest Oncology Group study.
J Clin Oncol 1999;17:1339-1348,

Peters WA I, Liu PY, Rolland PYL, et 4l. Concurrent chemo-
therapy and pelvic radiation therapy alone as adjuvant therapy
after radical surgery in high-risk early-stage cancer of the cer-
vix. J Clin Oncol 2000;18:1606-1613.

Lin ZX, Qiao SM. Intraarterial cisplatin chemotherapy with sur-
gery and/or radiotherapy in advanced cervical and vaginal car-
cinoma, Chin Med J 1986;99:243-246.

Kavanagh JJ, Delclos L, Wallace S. Arterial chemotherapy prior
to radiotherapy in advanced gynecologic cancer. In:
Rutledge FN, Freedman RS, editors. Gynecologic cancer: Diag-
nostic and treatment strategies. Austin, TX: University of Aus-
tin Press; 1987. p. 281-284.

Scarabelli C, Tumolo S, Paoli A, ef al. Intermittent pelvic arte-
rial infusion with peptichemio, doxorubicin, and cisplatin for lo-
cally advanced and recurrent carcinoma of the uterine cervix.
Cancer 1987;60:25-30.

LaPolla JP, Roberts WS, Greenberg H, et al. Treatment of ad-
vanced gynecologic malignancies with intraarterial chemother-
apy and accelerated fractionation radiation therapy: A
preliminary report. Gynecol Oncol 1990;37:55-59.

Patton TJ, Kavanagh JJ, Delclos L, ef al, Five-year survival in
patients given intra-arterial chemotherapy prior to radiotherapy
for advanced squamous carcinoma of the cervix and vagina.
Gynecol Oncol 1991;42:54-59.

Kigawa J, Kanamori Y, Ishikawa H, ef al. Response rate and
cell-cycle changes due to intra-arterial infusion chemotherapy
with cisplatin and bleomycin for locally recurrent uterine cervi-
cal cancer. Am J Clin Oncol 1996;19:255-259.

Sueyama H, Nakano M, Sakumoto K, et al, Intra-arterial che-
motherapy with cisplatin followed by radical radiotherapy for
locally advanced cervical cancer. Gynecol Oncol 1994;59:
327-332.

Takashima H, Hosokawa A, Hino I, e al. Results of radiother-
apy for stage III uterine cervical carcinomas and preliminary
study of combined radiotherapy and transarterial infusion che-
motherapy. Nippon Acta Radiol 1994,54:1270-1276.

Mormis M, Eifel PJ, Burke TW, et al. Treatment of locally
advanced cervical cancer with concument radiation and intra-
arterial chemotherapy. Gynecol Oncol 1995;57:72-78.
Roberts WS, LaPolla JP, Greenberg H, ef al. Continuous intra~
arterial cisplatin combined with radiotherapy in locally
advanced squamous carcinoma of the cervix: A Gynecologic
Oncology Group pilot study. Int J Gynecol Cancer 1995;5:
335-340,

Tuji K, Yamada R, Kawabata M, e¢f al. Effect of balloon oc-
cluded arterial infusion of anticancer drugs on the prognosis
of cervical cancer treated with radiation therapy. Int J Radiat
Oncol Biol Phys 1995;32:1337-1345.

Narimatsu A, Okada O, Itoh T. Neoadjuvant chemotherapy with
continuous intra-arterial infusion (cisplatin, 5-fluorouracil) in
the treatment of stage Il cervical cancer. Gan To Kagaku Ryoho
1995;22:2087-2093.



29.
30.
31.
32.
33.
34.

3s.

36.

37.

38,

TAIC with RT for Stage I SCC of uterine cervix @ Y, Kangyasu et al, 377

Toita T, Sakumoto K, Higashi M, ef al. Therapeutic value of
neoadjuvant intra-arterial chemotherapy (cisplatin) and irradia-
tion for locally advanced uterine cervical cancer. Gynecol Oncol
1997;65:421-424,

Sugiyama T, Nishida T, Hasuo Y, et al. Neoadjuvant intraarte-
rial chemotherapy followed by radical hysterectomy and/or ra-
diotherapy for locally advanced cervical cancer. Gynecol Oncol
1998;69:130-136.

Kaneyasu Y, Kita M, Fukuhara N, et al. Clinical evaluation of
intra-arterial infusion chemotherapy for advanced or recurrent
cervical cancer. J Jpn Soc Ther Radiol Oncol 1998;10:293-303.
Kokubo M, Tsutsui K, Nagata Y, et al. Radiotherapy combined
with transcatheter arterial infusion chemotherapy for locally ad-
vanced cervical cancer. Acta Oncol 1998;37:143-149.
Chaney AW, Bifel PJ, Lodsdon MD, ef al. Mature results of a pi-
Tot study of pelvic radiotherapy with concurrent continuous in-
fusion intra-arterial 5-FU for stage IB-IVA squamons cell
carcinoma of the cervix. Int J Radiat Oncol Biol Phys 1999,
45:113-118.

Nagata Y, Okajima K, Kokubo M, et a/. Clinical results of frans-
catheter arterial infusion for uterine cervical cancer. Am J Clin
Oncol 1999;22:97-102.

Onishi H, Yamaguchi M, Kuriyama K, ef al. Effect of concur-
rent intra-arterial infusion of platinum drugs for patients with
stage III or IV uterine cervical cancer treated with radical radio-
therapy. Cancer J Sci Am 2000;6:40-45.

Nagai N, Oshita T, Murakami J, ¢t al. Radiotherapy combined
with transcatheter arterial infusion of cisplatin versus oral fluo-
ropyrimidine anti cancer agent for locally advanced carcinoma
of the uterine cervix: A prospective follow up study. Oncol Rep
2001;8:119-125.

Kawase S, Okuda T, Ikeda M, et a!. Intraarteriel cisplatin/neda-
platin and intravenous 5-fluorouracil with concurrent radiation
therapy for patients with high-risk uterine cervical cancer.
Gynecol Oncol 2006;102:493-499,

Kim EE, Bledin AG, Kavanagh J, et al. Chemotherapy of cer-
vical carcinoma; Use of Tc-99m-MAA infusion to predict
drug distribution. Radiology 1984;150:677-681.

~ 402 ~

39,

41.

42.
43,

44.

45.

46.

47.

43.

Japan Society of Obstetrics and Gynecology, Japanese Society
of Pathology, Japan Radiological Society. The general rules for
clinical and pathological management of uterine cervical can-
cer. 2nd ed. 1997. Kanehara publication Co., Ltd. Tokyo, Japan.

, National Cancer Institute. Common Terminology Criteria for

Adverse Bvents v3.0 (CTCAE). Publish Date: August 9,
2006. Available online at http://ctep.cancer.gov/protocalDe
velopment/electeonic_applications/docs/ctcaev3.pdf. Accessed
September 2, 2007,

Akine Y, Arimoto H, Ogino T, et al. High-dose-rate intracavi-
tary irradiation in the treatment of carcinoma of the uterine cer-
vix: Early experience with 84 patients. Int J Radlat Oncol Biol
Phys 1988;14:893-898.

Arai T, Nakano T, Morita S, ef al. High-dose-rate remote after-
loading intracavitary radiation therapy for cancer of the utetine
cervix, Cancer 1992;69:175-180.

Nakano T, Kato S, Ohno T, ef al. Long-term results of high-

. dose rate intracavitary brachytherapy for squamous cell carci-

noma of the uterine cervix. Cancer 2005;103:92-101.

Tto H, Kutuki S, Nishiguchi I, ef al. Radiotherapy for cervical
cancer with high-dose rate brachytherapy—correlation between
tumor size, dose and failure. Radiother Oncol 1994;31:
241-247, .

Teshima T, Inoue T, Ikeda H, et al. High-dose rate and low-dose
rate intracavitary therapy for carcinoma of the uterine cervix: Fi-
nal results of Osaka University Hospital. Cancer 1993;72:
2409-2414.

Hareyama M, Sakata K, Oouchi A, et al. High-dose-rate versus
low-dose-rate intracavitary therapy for carcinoma of the uterine
cervix. Cancer 2007;1:117-124. ‘

Okawa T, Kita M, Goto M, et al. Radiation therapy alone in the
treatment of carcinoma of the uterine cervix: Review of experi-
ence at Tokyo Women's Medical College (1969-1983). Int J
Radiat Oncol Biol Phys 1987,13:1845-1849,

Sakata K, Sakurai H, Suzuki Y, et gl. Results of concurrent che-
moradiation for cervical cancer using high dose rate intracavi-
tary brachytherapy: Study of JROSG (Japan Radiation
Oncology Study Group). Acta Oncol 2008;47:434-441,



Int, J. Radiation Oncology Biol. Phys., Vol. 75, No. 2, pp. 357-363, 2009
Copyright © 2009 Elsevier Inc.

Printed in the USA, All rights réserved

0360-3016/09/8-see front matter

do0i:10.1016/j.ijrobp.2009.03.073

STH JUCTS AND THE 5TH S. TAKAHASHI MEMORIAL INTERNATIONAL JOINT SYMPOSIUM

RADIATION THERAPY FOR ESOPHAGEAL CANCER IN JAPAN: RESULTS OF THE
PATTERNS OF CARE STUDY 1999-2001
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Purpose: To describe patient characteristics and the process of radiotherapy (RT) t‘or patients with esophageal
cancer freated between 1999 and 2001 in Japan,

| Methoeds and Materials: The Japanese Patterns of Care Study (PCS) Working Group conducted a third nationwide
| survey of 76 insfifufions. Detailed information was accumulated on 621 patients with theracic esophageal cancer
| who received RT.

| Results: The median age of patients was 68 years. Eighty-eight percent were male, and 12% were female, Ninety-
| nine percent had squamous cell carcinoma histology. Fifty-five percent had the main lesion in the middle thoracic
" esophagus. Fourteen percent had clinical Stage 0-X disease, 32% had Stage IIA-IIB, 43% had Stage I, and 10%
had Stage IV disease, Chemotherapy was given to 63% of patients; 39% received deﬁmtlve chemoradiotherapy
(CRT) without surgery and 24% pre- or postoperative CRT, Sixty-two percent of the patients aged =75 years
were treated with RT only. Median total dose of external RT was 60 Gy for definitive CRT patients, 60 Gy for
RT alone, and 40 Gy for preoperative CRT.

Conclusions: This PCS describes general aspects of RT for esophageal cancer in Japan, Squamous cell carcinoma
accounted for the majority of patients. The standard total external RT dose for esophageal cancer was higher in
Japan than in the United States. Chemoradiotherapy had become common for esophageal cancer treatment, but
patients aged =75 years were more likely to be treated by KT only. ® 2009 Elsevier Inc.

Patterns of Care Study, Esophageal cancer, Radiotherapy, Chemoradiation, Japan,

INTRODUCTION

The Patterns of Care Study (PCS) was established and devel-
oped in the radiation oncology field in the United States. The
PCS retrospectively investigates the nationwide structure and
practice of care in specific malignancies and provides useful
data for improving cancer management, Patient backgrounds
and standard clinical practices can be described by PCS. Pen-
etration of clinical evidence and the compliance status of clin-
ical gunidelines can be evaluated through PCS results. The

chemotherapy concurrently and that chemoradiotherapy
(CRT) followed by surgery had become important in treat-
ment strategies (1-4).
The PCS was introduced to Japan in the early 1990s. The
Japanese PCS Group started a national survey for the major
- diseases in radiation oncology and has been continuously
working, We previously reported PCS results for esophageal
cancer for the periods 19921994 and 19951997 (5, 6).
The objectives of this study were (I) to summarize the

PCS also reveals the time-dependent transition of cancer
treatments and provides data for international comparison.
The U.S. PCS for esophageal cancer demonstrated that
a majority of patients treated by radiotherapy (RT) received

structure and process of RT for patients with esophageal can-
cer treated between 1999 and 2001 and show comparable data

* from the U.S. PCS study; and (2) to compare patient charac-

teristics and treatment strategies with regard to patient age.
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Table 1. Investigated institutions and patients with esophageal cancer in the Japanese Patterns of Care Study (1999-2001)

Age group
Institutions No. of Institutions Patients <65y 65-74y =75y

Total institutions 76 621 244 213 164
Academic (A) 38 358 (57.6) 164 (67.2) 126 (59.2) 68 (41.5)

Treat =430/y (A1) 20 196 (31.6) 89 (36.5) 69 (32.4) 38 (23.2)

Treat <430/y (A2) 18 162 (26.1) 75 (30.7) 57 (26.8) 30 (18.3)
Nonacademic (B) 38 263 (42.4) 80 (32.8) 87 (40.8) 96 (58.5)

Treat =130/y (B1) 20 186 (30.0) 52 (21.3) 62 (29.1) 72 (43.9)

Treat <130/y (B2) 18 77 (12.4) 28 (11.5) 25 (11.7) 24 (14.6)

Values in parentheses are percentages.

METHODS AND MATERIALS

Between July 2002 and June 2004, the Japanese PCS Group con-
ducted a third national survey for esophageal cancer. Eligibility
criteria were as follows: (7) thoracic esophageal cancer, (2) squa-
mous cell carcinoma (SCC), adenocarcinoma, or adenosquamous
cell carcinoma, (3) no distant metastasis, (4) no prior or concurrent
malignancies within 5 years, (5) Kamofsky performance score
(KPS) >50, and (6) RT started between Januery 1999 and December
2001. Seventy-six of approximately 700 institutions were selected
for the survey by use of a stratified two-stage cluster sampling
method. Before the random sampling, all RT institutions were clas-
sified into four groups according to type and number of patients who
received RT. The criteria for stratification have been detailed else-
where (7). In brief, Japanese RT institutions were stratified as fol-
Tows: Al, academic institutions including university hospitals and
cancer centers treating =430 newly diagnosed patients by RT per
year; A2, <430 patients; B1 nonacademic institutions including
national, prefectural, municipal, or private hospitals treating =130
patients per year; B2, <130 patients.

The Japanese PCS surveyors, who were active radiation oncolo-
gists, performed on-site review at each participating facility. They
used an originally developed database format for esophageal cancer
and investigated patient charts, radiotherapy records, and image
films. Data collection included patient characteristics (e.g., history,
age, KPS, clinical examination results, laboratory data, diagnostic
procedures, histology, and stage), details of therapeutic information
(¢.8., RT, chemotherapy, surgery, and combinations thereof), and
treatment outcomes. The Japanese PCS collected detailed clinical
data on 621 patients who met the eligibility criteria for this study.
Table 1 lists the number of the investigated institutions and the pa-
tients in this study. Three hundred fifty-five patiénts (57.6%) were
from 38 academic institutions, and 263 (42.4%) were from 38 non-
academic institutions. Two hundred forty-four patients (39.3%)
were aged <65 years (younger age group), 213 patients (34.3%)
were aged 65-74 years (middle age group), and 164 patients
(26.4%) were aged =175 years (older age group).

Statistical significance was tested using the 2 test, Ratios were
calculated including unknown data but excluding missing data.

RESULTS "

Median age of the patients was 68 years. Median height and
body weight were 162 cmand 52.5 kg, respectively. Regarding
comorbid diseases, hypertension was seen in 25% of patients,
ischemic heart disease in 7%, cerebrovascular disease in
16%, chronic hepatitis in 13%, diabetes in 13%, and chronic

nephritis or renal failure in 4%. Fifteen percent of esophageal
cancers were defected by mass screening or medical checkup
for other disease. Swallowing function at diagnosis was evalu-
able in 588 patients: 20% had no symptoms related to swallow-
ing function, 33% could eat a normal diet with some symptoms,
32% could eatsoftfood only, 12% could drink liquids but could
noteat solid food, and 3% could take nothing by mouth, Patient
and tumor characteristics are shown in Table 2. Eighty-seven
percent were male, and 13% were female. The female ratio in
the older age group was 21% and was higher than in the other
age groups (p = 0.001). Median KPS score was 80; 76% of pa-
tients had a score of =80. Patients with a good KPS score of
90100 were fewer in the older age group than in the other
groups (25% vs. 39%; p = 0.001). Six-hundred six (99%) of
the evaluable 612 patients had SCC histology. Adenocarci-
noma and adenosquamous cell carcinoma accounted for
<1%. Fifty-five percent had the main lesion in the middle tho-
racic esophagus, 27% in the lower esophagus, and 19% in the
upper esophagus, The ratio of tumor histology and main tumor
location were not different among age groups. Fourteen percent
had clinical Stage 0 or I disease, 32% had Stage IIA or IIB, 43%
had Stage 111, and 10% had Stage IV disease. The ratio clinical
of Stage 0 to IIb was different among age groups (41% in the
younger age group, 40% in the middle age group, and 59%
in older age group).

Major treatment combinations are shown in Table 3. All
patients except 8 who were treated by brachytherapy alone
received external-beam RT. Chemotherapy was given to
63% of the patients; 39% received definitive CRT without sur-
gery, and 24% received surgery in combination with RT or
CRT. Fifty patients (8%) who were treated by RT and surgery
did not receive chemotherapy. Twenty-seven percent of the all
patients were treated by RT alone without chemotherapy or sur-
gery. In the older age group, 62% were treated by RT alone,
35% by chemotherapy, and only 4% received surgery, Utiliza-
tion ratios of chemotherapy and surgery in the older age group
were significantly lower than in the younger and middle age
groups (p < 0.01). Combinations of surgery and CRT were
more frequently used in academic institutions than in nonaca-
demic institutions (31% vs. 14%; p < 0.01); RT alone was
applied to 33% of patients in nonacademic institutions.

Regarding drugs used for chemotherapy, 5-fluorouracil
was used by 98% of patients who received CRT, cisplatin

f
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Table 2. Characteristics of esophageal cancer patients according to age groups

Age group
Characteristic <65y (n=244 65-74y (n=213) =75y (n=164) Total (n=621) r
Gender 0.014
Male 219 (90) 191 (90) 129 (79) 539 (87)
Female 25 (10) 22 (10) 35 (21) 82 (13)
KPS 0.001
60-70 42 (20) 33(18) 49 (36) 124 (24)
80 85 (41) 79 (43) 54 (39) 218 (41)
90-100 81 (39) 70 (39) 34 (25) 185 (35)
Missing 36 31 27 94
Histology 0.547
SCcC 238 99 209 (99) 159 (100) 606 (99)
Adeno. 1(0) 2 0 30
Adenosg. 2 1(1) 0 3 (0)
Missing 3 1 5 9
Site of lesion 0.8422
Upper 42 (18) 43 (20) 31 (18) 116 (19)
Middle 132 (55) 114 (54) 89 (62) 335 (55)
Lower 65 (27) 56 (26) 42 (20) 163 (27)
Missing 5 — 2 7
Longitudinal tumor size 0.595
by endoscopy (cm)
=50 75 (52) 63 (49) 67 (59) 205 (53)
5.1-100 56 (39) 54 (42) 40 (35) 150 (39)
10,1-15.0 12 (8) 10 (8) 6(5) 28(7)
=151 2 30 0 50
Missing 99 83 51 . 233
Median (cm) 5 6 5 5
Clinical stage* 0.001
0,1 21 (10) 28 (15) 26 (18) 75(14)
1Ia, Itb 68 (31) 48 (25) 59 (41) 175 (32)
m 96 (44) 94 (49) 47 (33) 237 (43)
v 30 (14) 30 (10) 7 (5) 57 (10}
Unknown 42) 32 5(4) 12(2)
Missing 25 20 20 65

Abbreviations: KPS = Kamofsky performance status; SCC = squamous cell carcinoma; Adeno. = adenccarcinoma; Adenosq. = adenosqu-
amous cell carcinoma. R

Values are number (percentage) except where noted,

* Staging system by the International Union Against Cancer, 1997,

by 85%, and nedaplatin by 98%. Only 1 patient used
a taxane.

Thirty-eight patients (6%) received brachytherapy. High-
dose-rate iridium or cobalt therapy was used for 28 patients,
and low-dose-rate therapy was given to 10 patients. Five hun-
dred fifty-six patients (90%) were admitted to hospitals dur-
ing RT. Fifteen patients (3%) were treated on investigational
approved protocols.

Details about external RT given to 412 patients who did
not receive surgery but were treated by definitive CRT or
RT alone are shown in Table 4. The median total dose of ex-
ternal RT was 60 Gy and did not differ among age groups.
The median fractionation dose was 2 Gy. :

Hyperfractionation was used for 16% of patients. The,me-
dian initial longitudinal field size was 17 cm. Significant dif-
ferences in field size among age groups were observed (miean
value: 20 cm, 17 cm, and 15 cm in the younger, middle, and
older age groups, respectively). )

Mediastinal nodal RT for apparent or subclinical lymph
node metastases was given to 82% of patients, whereas

supraclavicular or upper abdominal area irradiation was
given to 33% and 22%, respectively.

Table 5 shows patient backgrounds and RT parameters for
definitive CRT, RT alone, and preoperative CRT. Median age

- of the preoperative CRT patients was 63 years and was youn-

ger than for definitive CRT and RT-alone patients. The preop-
erative CRT group contains 71% of the patients with Stage
II-1V disease, and the ratio was higher than in the definitive
CRT and RT-alone groups (62% and 58%, respectively).
Median total dose was 60 Gy in definitive CRT and RT-alone
patients and 40 Gy for preoperative CRT patients.. Median
initial longitudinal field size was 18 cm for definitive CRT
patients and was longer than in RT-alone patients,

DISCUSSION

In the United States two PCSs for esophageal cancer were
conducted for the periods 1992-1994 and 19961999 (1-4),
They established the national and international benchmarks
of esophageal cancer treatments and showed the role of RT
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Table 3. Treatment combinations according to age groups

Age group Institutions
<65y 65-74 y =75y Academic Nonacademic
Treatment combination Total (n=144) (n=141) (n=164) (n =358) (n=263)
RT with chemotherapy
Total 393 (63) 180 (74) 155 (73) 58 (34) 240 (67) 153 (58)
Definitively 244 (39) 87 (36) 101 (47) 56 (34) 128 (36) 116 (44)
With surgery 148 (24) 92 (38) 54 (25) 2 111 (31) 37(14)
Unknown 1 1 0 . 0 1 0
RT without chemotherapy ,
Total 219 (35) 59 (24) 56 (26) 104 (63) 111 (31) 108 (41)
Definitively 169 27) 26 (11) 42 (20) 101 (62) 83 (23) 86 (33)
With surgery 50 (8) 33 (14) 14 () 3(2) 28 (8) 22 (8)
Unknown 0 0 0 0 0 0
Unknown about chemotherapy
Total 2@ 5() 2(1) 21 7@ 2(1)
Definitively 2 1 1 0 2(1) 0
With surgery 6(1) 3(1) 1 2(1) 4(1) 21
Unknown 1 1 0 0 1 0

Abbreviation: RT = radiotherapy.
Values are number (percentage).

in multidisciplinary management of this disease, The Japa-
nese PCS group conducted two large surveys in the 1990s
and reported patient backgrounds and RT practices for esoph-
ageal cancer (5, 6). A summary of patient backgrounds and
treatments from three Japanese PCSs and two U.S. PCSs is
shown in Table 6.

The incidence of adenocarcinoma of the esophagus has
rapidly increased in the United States since the 1970s and
has accounted for approximately half of esophageal cancers

* in recent years (8, 9). The U.S. PCS for 1996-1999 reported

the ratio of adenocarcinoma and SCC as 48.7% and 49.6%, .

respectively (3). Some reports from Buropean countries
also showed an increasing incidence of adenocarcinoma
(10). On the other hand, this trend is not observed in Asian
countries. A recent report based on the cancer registry in
Japan showed the ratio of SCC to adenocarcinoma to be 26:1
(11). Preliminary results of the Korean PCS reported that
96% of investigated patients had SCC histology (12). Consis-
tent with the previous two Japanese PCSs, 99% of patients in
this study had SCC. Although adenocarcinoma mainly arises
in the lower esophagus near the esophagogastric junction, the
most common location of the main lesion for SCC is the mid-
thoracic esophagus. More than half of patients had the main
lesion in the midthoracic esophagus in this study, Differences
in tumor histology and main tumor location may have an in-
fluence on treatment strategies and results (i.e. type of sur-
gery, setting of target volume of RT, and adverse effects of
the treatments).

The discrepancy between the United States and Japan, was
also identified in the pretherapy evaluations. Both endoscopy
and esophagram were the standard evaluation methods for
esophageal cancer in Japan, but approximately one third of
patients did not receive an esophagram in the United States.
Barium study is the traditional and relatively easy method for
evaluating the gastrointestinal tract and is used for mass

screening for gastric cancer in Japan. Because most gastroen-
terologists are skilled in doing esophagrams in Japan, it was
routinely used for evaluation of esophageal cancer. Endo-
scopic ultrasound is the most accurate method to define
both T and N staging of esophageal carcinoma in the current
staging system (13). The current International Union Against
Cancer staging system adopted depth of tumor invasion for
T staging, which increased use of endoscopic ultrasound in
each country.

Since the Intergroup study reported by Cooper et al. (14)
showed the superiority of CRT over RT alone for esophageal
cancer, the application of CRT has increased in the United
States (3, 4). The ratio of using chemotherapy in combination
with RT in Japan has also increased, from 40% in PCS 1995-
1997 to 63% in PCS 1999-2001. Most of the CRT patients in
Japan used cisplatin and 5-fluorouracil for chemotherapy.
One reason is that taxanes had not been approved for esoph-
ageal cancer in Japan until 2003. The other reason was that
not enough evidence was shown regarding the use of taxanes
in CRT for esophageal cancer in the 1990s.

Inthe U.S, PCS, median total external RT dose was 50.4 Gy
(1, 3). However, our data showed the median total external
dose in Japan to be 60 Gy, and it was same for RT-only pa-
tients and definitive CRT patients. Not many clinical trials
have investigated the total dose in CRT for esophageal cancer.
The standard dose used in the United States is considered to be
based on the results of a Phase III trial (INT 0123) showing no
benefit of higher radiation on survival or locoregional control
(15). After publication of the results of INT 0123, clinical
studies investigating total RT dose in esophageal cancer in
the United States seem to have been stopped. On the other
hand, some Phase II studies conducted in Japan in the
1990s testing the efficacy of CRT for esophageal cancer
used a total dose of 60 Gy, and preliminary results showed ex-
cellent outcomes (16, 17). Ohtsu et al. (16) studied 44 patients
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Table 4. External RT parameters in nonsurgery patients
Age group
<65y 65-74y =75y Total
Characteristic (n=244) (n=213) (n=164) (n=621) P
Total external RT dose (Gy) —
<30 44 7) 64 17 (4)
30.1-40 14 (12) 13 (9) 9 (6) 36 (9)
40.1-50 7 (6) 12 (9) 138 32(8)
50.1-60 40 (35) 40 (28) 47 (30) 127 (31)
60.1-70 40 (35) 66 (47) 77 (49) 183 (44)
>70 9(8) KRV 4(3) 16 (4)
Missing — — 1 1
Median (Gy) 60.0 60.0 60.0 60.0
Hyperfractionation 0.500
Done 14 (12) 25 (18) 25 (16) 64 (16)
Not done 100 (88) 116 (82) 132 (84) 348 (84)
Missing —_— —_ —_ —
Initial longitudinal field size (cm) 0.001
=10.0 33 14 (10) 25 (16) 42 (10)
10.1~15.0 21(19) 39 (28) 53 (34) 113 (28)
15.1-20 35 (31) 48 (34) 47 (30) 130 (32)
20.1-25 34 (30) 26 (19) 18 (12) 78 (19)
=251 1917 13 (9) 12 (8) 44 (11)
Missing 2 1 2 5
Mean (cm) 20 17 15, 17
Mediastinal nodal area irradiation 0.063
Done 96 (86) 110 (79) 116 (74) 322.(19)
Not done 16 (14) 29 (21) 41 (26) 86 (21)
Unknown —_ — — —_—
Missing 2 2 —_ 4
Supraclavicular nodal area irradiation
Done 41 (37 31 (22) 27(17) 99 (24) 0.003
Not done 70 (63) 108 (78) 129 (82) 307 (75)
Unknown — — 1(1) 1
Missing 3 2 — 5
Upper abdominal nodal area irradiation 0.050
Done 32 (29) 33 (24) 25 (16) 90 (22)
Not done 79 (71) 106 (76) 130 (83) 31517
Unknown — — s 2 2()
Missing 3 2 — 5
Field reduction 0.517
Done 87 (78) 104 (74) 111 (71) 302 (74)
Not done 24 (21) 35(25) 45 (29) 104 (25)
Unknown 1) 1(1) 1) 3
Missing 2 1 — 3

Abbreviation: RT = radiotherapy.
Values are number (percentage).

with T4 and/or M1 by lymph node treated with 60 Gy of ex-
ternal RT and concurrently administered cisplatin and 5-fluo-
rouracil. Three-year overall survival was 23%. This result,
published in 1999, may have impacted clinical practice during
this study period. Supported by the results of this study, a total
dose of 60 Gy in CRT might become standard practice in
Japan. Ishikura ef al. (18) reported substantial late pulmonary
and cardiac toxicities by 60 Gy of thoracic CRT with aconven-
tional opposed two-beam technique. Additional investigdtion
regarding the optimal total dose of CRT for esophageal cancer
with modern RT techniques is warranted,

Patients aged =75 years account for 26% of all patients
in this study. Some characteristics of patient backgrounds

and differences of treatment for elderly patients are appar-
ent from this study. More early-stage patients and more
low-KPS patients were included in the elderly group than
in the middle or younger age groups. Elderly patients
were not frequently treated by multimodality treatments
in combination with surgery and chemotherapy but rather
by RT alone. Although surgery in combination with CRT
or chemotherapy is the standard treatment for operable
esophageal cancer, patients with a low performance status
or with comorbid disease were medically unfit for surgery.
Radiotherapy alone might be frequently chosen as the most
noninvasive treatment for elderly esophageal cancer
patients. Meanwhile, 34% of elderly patients received
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Table 5. Backgrounds and radiotherapy parameters of patients who received definitive CRT, RT alone, or preoperative CRT

Definitive CRT RT alone* Preoperative CRT
Parameter (n=241) (n = 146) (n=186)

Male/female 89/11 80/20 86/14
Age (¥), median 68 78 63
KPS >90 29 34 36
Main tumor lesion, upper 21 18 20
Stage 0-Ib 36 34 29
Stage II-IV 62 58 !
Total external RT dose (Gy)

=30 4 5 35

30.1-40 11 4 33

40.1-50 7 10 12

50.1-60 32 31 12

60.1-70 43 45 10

=70.1 4 4

Median (Gy) 60 60 40
Initial longitudinal! field size (cm)

=10 5 17 3

10.1-15.0 23 36 27

15.1-20.0 36 26 37

Abbreviations: CRT = chemoradiotherapy; RT = radiotherapy.

Values are percentages except where noted.
* RT without chemotherapy.
1 Craniocaudal direction.

definitive CRT. There are not enough data available regard-
ing the efficacy of chemoradiation in elderly or low-KPS
patients (19), and criteria for reducing RT dose and chemo-
therapy dose for these patients have pot been established.
The intensity of chemotherapy used for CRT was not
clearly investigated in this study, but regarding RT field,

a narrow field excluding the supraclavicular area was gen-
erally preferred for elderly patients. Further clinical investi-
gations evaluating the role of CRT and RT in eldetly
esophageal cancer patients are needed.

In conclusion, this PCS describes patient backgrounds
and general patterns of RT practice for esophageal cancer

Table 6. Comparison of patient backgrounds and treatment combinations among three Japanese PCSs and U.S. PCSs

PCS 1992-1994 PCS 1995-1997 PCS 1999-2001 U.S.PCS 1992-1994 U.S. PCS 1996-1999

Parameter (n=561) (n=1716) (n=621) (n = 400) (n=414)
Academic/nonacademic 46/54 62/38 58/42, 51/49 NA
Median age (y) 66 67 68 66.7 64
Male/female 86/14 85/14 871/13 76.5/23.5 723
KPS =90 33 27 35 47 56
Esophagram done NA 92 93 69 64
Endoscopy done NA 91 96 P 96
Endoscopic ultrasound done NA 21 27 4 18

. Clinical Stage I by AJCC, 1983 15 19 20 15 16
version
Squamous cell carcinoma 99 100 99 61.5 49
Main tumor location, middle thorax NA 62 55 NA NA
External RT done 99 99 99 Nearly all 100
External beam energy >6 MV 85 78 92 >76 NA
Median fraction external RT dose (Gy) 2.0 2.0 2.0 1.8 1.8
Median total external RT dose (Gy) 60.0 60.0 60.0 50.4 504
Brachytherapy done 10 12 6 8.5 6
Chemotherapy done a5 40 63 75 89
Preoperative RT + CT followed 16 9 16 14.5 27
by surgery Y
Surgery followed by RT + CT 22 19 18 11 6
Definitive CRT 22 v 25 395 4 56
RT alone without surgery or CT 34 44 27 20 10

Abbreviations: PCS = Patterns of Care Study; NA = not applicable; KPS = Kamofsky performance status; AJCC = American Joint Com-
mittes on Cancer; RT = radiotherapy; CT = chemotherapy; CRT = chemoradiotherapy.

Values are percentages except where noted.
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in Japan. Tumor histology and standard RT dose were dif-
ferent between the United States and Japan. Care should
be taken when comparing data from these two countries.
This study also revealed the treatment characteristics for

10.

363

elderly esophageal cancer patients. Repeated surveys
will demonstrate the trends for esophageal cancer
treatment in Japan and will provide useful data for inter-
national comparison.
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Buckground and purpose: The treatment dose and fractionation dose that are considered in postoperative
keloids had been reported in the previous studies. We performed retrospective analysis to elucidate the
factors influencing the treatment outcome,

Materials and methods; From 1979 to 1994, 194 lesions in 119 patients received postoperative radiother-
apy after exclsion with the total dose ranging from 16 Gy/8 fr to 40 Gy/8 fr (mean: biologlcally effective
dose (BED) 33.5 Gy). Kilo-voltage X-rays (55 or 100 kVp) or electron beams (4 or 6 MeV), including entire
keloid scars, and any suture/puncture holes with a margin around the lesion were used. The median fol-
low-up period was 36 months (range 12-164 months).

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

Conclusion; There was a significant correlation between the relapse rate and the total dose of irradiation,
and between adverse effects and the total dose, To correlate local control and adverse effects, we pro-
posed 20 Gy in five fractions as the optimal dese for the postoperative of keloids, A significant correlation
between relapse rate and the interval time between exclsion and radiotherapy was not found in our cus-
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rent study.
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There is no universally effective treatment method for keloids
and hypertrophic scars, The recurrence rates after surgical excision
alone vary from 50% to 80%, thus leading to the development of
many adjuvant therapeutic modalities [1]. Several therapeutic
techniques have been tested, including continuous pressure after
surgery, corticosteroid injections {2}, carbon dioxide laser [3],
NdYaG laser [4), silicone gel [5], retinoic acid [6}], and silastic sheet
coverage [7]. However, these methods seem unsatisfactory for pre-
venting keloid recurrence; the recurrence rate is reported to be
above 50%,

The value of radiation therapy in the treatment of keloids has
been known for many years. In a randomized trial, Sclafani et al.
[8] observed a higher recurrence of keloids after surgery and ste-
roid injections than after surgery and radiotherapy. After the total
excision of keloids and hypertrophic scars, radiation therapy has
been demonstrated as one of the most effective treatment methods
to prevent recurrence, showing a recurrence rate around 20% [9-
12].
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In this study, we reviewed keloids treated with postoperative
radiotherapy in our hospital, and retrospectively analyzed in re-
gard to long-term control, symptomatic relief and adverse effects
to elucidate the factors influencing the treatment outcome,

Materials and methods
Patients

From September 1979 to July 1994, 194 lesions in 119 patients
received postoperative radiotherapy at Kyoto University Hospital.
The characteristics of the patients and lesions are summarized in
Tables 1 and 2. All patients were Asian, 35 men and 84 women,
aged 475 years with a median age of 25 years. Fifty-seven of
the 194 lesions had been treated previously with surgical excision
and/or local steroid injection, but none had received radiotherapy
previously.

Treatment methods

The treatment parameters are summarized in Table 3, Various
dose schedules were used, with the total dose ranging from

16 Gy in 8 fractions to 40 Gy in 8 fractions. The total treatment
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Table 1
Characteristics of 119 patlents.

T

time ranged from 5 days to 47 days, with a median of 9 days. The
interval from excision to irradiation ranged from 1 day to 72 days,
with a median of 7 days, Four fractions of 4 Gy in 8-10 days were
the most common treatment schedule for postoperative
radiotherapy.

In most cases, either 55 kVp (10 mA, 1.0 mm Be and 0.78 mm Al
filters) or 100 kVp (8 mA, 1.0 mm Be and 1.7 mm Al filters) X-ray at
a dose rate of 1-11 Gy/min was used. For only six lesions, 4 or
6 MeV electron beams were used. The choice of radiation source
depended on the height, size, and position of the lesion. The 90%
isodose target area included the entire postoperative scar and
any suture/puncture hole with a margin of 3-5 mm around the le-
sion, Non-target areas were shielded by an individually cut 1-
2 mm lead sheet.

Evaluation of treatment response and adverse effect

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

The existence of moderate to severe skin hyperpigmenta-
tion andfor telangiectasis with depigmentation was regarded
as a positive adverse effect. Mild or transitory pigmentation,
which disappeared within a year after treatment and did
not affect cosmesis, was not regarded as a positive adverse
effect. .

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

Dose optimization of kelofds

Table 2
Charac

teristics of 194 kelolds.
3 :k S bRy

Statistical analysis

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

Results

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

We calculated BED according to Kal et al. [13], and plotted the
control rates as a function of BED. We showed a dose-response
relationship in Fig. 1a. Long-term recurrence rates of postoperative
keloids are shown in Fig. 1b. At 36 months, 64 of 194 keloids trea-
ted with excision and radiotherapy had relapsed (33%). The univar-
jate and multivariate analyses are shown in Table 5. Univariate
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Table 3
Treatment methods of 194 kelolds

Rt

Table 4

analysis showed that the recurrence rate was significantly higher
for doses lower than 20 Gy in five fractions and for women. In mul-
tivariate analysis, these factors remained significant. ,

The positive adverse effect rate was 19% (36/194) in ali lesions,
and univariate and multivariate analyses of adverse effect rate are
shown in Table 6. Univariate analysis showed that the adverse ef-
fect rate was significantly higher for elderly patients (=25 years
old), minor etiology, large keloids (longer axis >5 cm), previous
treatment, use of high voltage X-rays (100 kvp) or electrons, and
total dose of 20 Gy in five fractions or higher. In muitivariate anal-
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Fig. 1. (a) Control rate of kelolds as function of the biologically effectlve dose (BED).
There was a significant correlation between the control rate and blologleally
effective dose (BED"). "BED calculation according to Kal et al. [13]. (b) Long-term
recurrence rate in post-operative radlotherapy according to the total dose, The
recurrence rate 320 Gy In five fractions was significantly lower than that with
<20 Gy In five fractions, “Significant (logrank test).

ysis, the factors of elderly patients, minor etiology, and of previous
treatment remained significant.

There were no cases of serious toxicity, defined as World Health
Organization grade 3 or higher. There were no cases of malignant
tumors being generated at the keloid site,

Discussion
L]

Consistent reliable control of keloids using postoperative irradi-
ation has been reported by many authors {10-12,14-18], Thereis a
controversy concerning the total dose in these previous reports, as
well as whether the treatment was given in one fraction or in sev-
eral fractions, There was no consensus with respect to the total
dose and dose fractionation in the treatment of keloids. A summary
of the local control rates of postoperative radiotherapy of keloids is
shown in Table 7 [1,10-12,14,19-27].

The mechanism of the radiotherapeutic prevention of keloids is
still poorly understood. One of the proposed mechanisms is the
control of collagen synthesis by eliminating abnormally activated
fibroblasts and promoting the existing normal fibroblasts [28]. In
vitro experimental evidence suggests that a fraction dose of about
5Gy may be effective in inducing radiolysis of fibroblasts [18].
Using in vivo experiments with rat skin, the radiolytic process of
fibroblasts starts minimally from 0.5 to 2.5 Gy. Recoiled collagen fi-
brils return to their normal shape and size 4-6 weeks after radio-
therapy [18).

However, a higher dose seems necessary in the clinical situa-
tion. Brown and Bromberg identified a minimum isoeffect time~
dose line for reliable postoperative keloid control at 9-10 Gy deliv-
ered over 1 week or 15 Gy over 2 weeks, With BED above this level,
100% control was achieved [29]. Edsmyer et al. confirmed the
threshold dose for reliable control as 12-14 Gy in single fraction
by X-ray in the postoperative setting and it is probably best to give
the radiotherapy immediately after the excision {24,30]. Van den
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Table §
Long-term contro! of 194 kelolds,

* Significant (Jogrank test).
** Significant (Cox proportional hazard madel),

Brenk et al. reported that possible skin necrosis after single-frac-
tion irradiation encouraged fractionated radiotherapy schedules,
regardless of the dose [31}, According to Kal et al. {13}, biologically
effective doses (BEDs) of the various irradiation regimens were cal-
culated using the linear-quadratic concept, and the recurrence rate
decreased as a function of BED in the range of BED above 10 Gy. At
a BED higher than 30 Gy, the recurrence rate was lower than 10%.

Thus, the dose-response relationship in the treatment of post-
operative keloids had been reported in several previous studies.
Also, in our study, we found a significant correlation between the
recurrence rate and the total dose. The recurrence rate was 11%
at a total dose of 20 Gy in five fractions or higher, while 43% under

Table &
Adverse effects of 194 keloids.

i & S WD
* Significant (logrank test).
** Significant (Cox proportional hazard model),

20 Gy in five fractions. The recurrence rate was 33% for all lesions
evaluated in this study, which was comparable to that of the pre-
vious studies (Table 7); however, the recurrence rate for lesions
treated with the schedule of 20 Gy in five fractions, equivalent to
a BED of 30 Gy according to Kal et al. {13], was 18%. It was sug-
gested that this dose fraction was necessary and sufficient for ke-
loid control. On the other hand, the positive adverse effect rate
was also dose-dependent; 44% at a total dose of 20 Gy in five frac-
tions or higher, while 7% at under 20 Gy; however, the positive ad-
verse effect rate for the schedule of 20 Gy in five fractions was not
very high (18%). Thus, we considered this dose fraction to be
acceptable regarding morbidity. Therefore, since 1995, we have
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Table 7
Summary of local control rates of post-operative radiotherapy of kelolds.
oo rorms 3 T~ poaeer 5 i1 g

ey SR EHORG

; r 3 v i il
LD| 921r; X, X-ray beam; E, electron beam; Co, cobalt beam.
* For BED calculation we applied 1R = 0.96 <Gy,

** After 1981, radlation technique was standardized to 1200-1600 rad in three to four fractions,

*** 15 Gy In three fractions.

employed a schedule of 20 Gy in five fractions for almost all newly
treated postoperative keloids, in the expectation of preserving low
morbidity without compromising the control rate.

In the prognostic analysis of this study, female gender was
associated with a higher recurrence rate. Previous studies had
scarcely demonstrated a correlation between gender and
recurrence. The cure of hypertrophic scars is eccasionally pro-
tracted in young women, maybe because the propagation of
fibroblasts is exceeded during recovery at the wound
[32,33]. In addition, elderly patients and previous treatment
were associated with a higher positive adverse effect rate.
Aging and treatment history may cause potentially enhanced
radiosensitivity of normal cutaneous tissue, possibly resulting
in greater adverse effects.

The influence of the interval between excision and the com-
mencement of radiotherapy on recurrence remains controversial,
Cosman et al. [1,34] and Hintz [35] suggested an advantage of
the rapid initiation of postoperative irradiation. In contrast, En-
hamnre and Hammar {36] found no association with the results
and intefval time between excision and irradiation. In our study,
we did not find a significant correlation between the recurrence
rate and the interval between excision and radiotherapy, possibly
because its influence may have been masked by the large variation
of the dose fractionation. This should be further studied using a
uniform dose fractionation schedule.

The total radiation dose correlated significantly both with the
recurrence rate and with the positive adverse effect rate, it was
suggested that 20 Gy in five fractions was a recommendable dose
fractionation schedule in the expectation of preserving low mor-
bidity without compromising the control rate.

Acknowledgement

The authors sincerely thank Professor Shigehiko Suzuki, Depart-
ment of Plastic Surgery, Kyoto University Hospital, for his Profes-
sional advice concerning the practice of surgery for keloids:

References

{1] Cosmann B, Crikelar GF, Ju DMC, Gaulin JC, Lattes R. The surgical treatment of
kelolds. Plas Reconstr Surg 1961;27:335-58.

[2] Kiil J. Kelolds treated with toplcal injections of tdamcinolne acetonide, Scand §
Plast Reconstr Surg 1977;11:1638-72,

[3] Apfelberg DB, Maser MR, White DN, Lash H, Fallure of carbon dioxide laser
excision of kelolds. Lasers Surg Med 1989;9:382-8,

(4} Sherman R, Rosenfeld H. Experience with the Nd YAG laser in the treatment of
kelold scars. Ann Plast Surg 1988;21:231-5,

{5] Mercer NS. Silicone gel in the treatment of keloid scars. Br ] Plast Surg
1989;42:83-7,

[6] Panabiere-Cataing MH, Retinolc acid in the treatment of kelolds. | Dermatol
Surg Oncol 1988;14:1275-6.

{7] Chmori S. Effectiveness of sllastic sheet coverage in the treatment of scar
kelold (hypertrophic scar). Aesthetic Plast Surg 1988;12:95-8,

[8] Sclafanl AP, Gordon L, Chadha I, et al, Prevention of earlobe keloid recurrence
with postoperative corticosteroid injections versus radlation therapy: a
randomized, prospective study and review of the literature, Drmato! Surg
1996;22:569-74. .

{9] Guix B, Hensiquez I, et al. Treatment of keloids by high-dose-rate
brachytherapy: a seven-year study, Int J Radiat Oncol Biol FPhys
2001;50(1):167-72,

{10} Borok TL, Bray M, Sinclair 1, et al, Role of ionizing irradiation for 393 keloids. int
J Radiat Oncol Biol Phys 1988;15:865-70.

{11] Kovali¢ JJ, Perez CA. Radiation therapy following keloldectomy: a 20-year
experience, Int ] Radiat Oncol Biol Phys 1989;17:77-80,

[12] Escarmant P, Zimmermann S, Amar A, et al. The treatment of 783 kelold scars
by irldium 192 interstitial Irradiation after surgical excislon. Int ] Radiat Oncol
Biol Phys 1993;26:245-51,

[13] Kal HB, Veen RE, Biclogically effectlve dose of postoperative radlotherapy in
the prevention of keloids, Strahlenther Onkol 2005;181:717-23,

[14] Doornbos JF, Stoffel TJ, Hass AC, et al, The role of kilovoltage frradlation in the
treatment of kelolds, Int J Radiat Onco! Biol Phys 1990;18:833-9,

[15] Clavere P, Bedane C, Bonnetblanc JM, et al, Postoperative Interstitial
radiotherapy of kelolds by iridium 192: a retrospective study of 46 treated
scars. Dermatology 1997;195:349-52,

{16} Cacclalanza M, Piccinno R, Schiera A. Postoperative radiotherapy of kelolds: a
twenty-year experience. Eur § Dermatol 2002:12:58-62,

[17] Dinh Q, Veness M, Richards S. Role of adjuvant radiotherapy In recurrent
earlobe keloids. Australas J Dermatol 2004;45:162-6.

[18) Malaker K, Vijayraghavan K, Hodson I, et al. Retrospective analysis of
treatment of unresectable kelolds with primary radiation over 25 years, Clin
Oncol (R Coll Radiol) 2004;16:280-8. ’

[18] Norris JE. Superficlal X-ray therapy in keloid management: a retrospective
study of 24 cases and literature review. Plast Reconstr Surg 1995;95:1051-5,

{20] Cohen IX, Peacock EE. Keloids and hypertrophlc scars, In; McCarthy ]G, editor,
Plastic surgery. Philadelphia; W.B, Saunders Company; 1980. p, 732-47,

[21] Cralg RDP, Pearson D, Early post-operative lrradiation In the treatment of
kelold scars. Br | Plast Surg 1965;18:369-76,

[22] King GD, Salzman FA. Keloid scars; analysls of 89 patients. Surg Clin North Am
1970;50:595-8,

[23] Mathangi-Ramakrishnan K, Thomas KP, Sundararajan CR. Study of 1000
patients with kelolds in South India, Plast Reconstr Surg 1974;53:276-86.

[24] Edsmyr F, Larsson LG, Onyango J, et al. Radiotherapy In the treatment of
kelolds in East Africa, East Afr Med J 1973;50:457-61.

{25] Levy DS, Salter MM, Roth RE, Postoperative irradiation In the prevention of
keloids, Am J Roentgenol 1976;127:509-10.

[26] Olistein RN, Sieget HW, Glilooley JF, et al, Treatment of kelolds by combined
surgical excision and Immediate post-operative X-ray therapy. Ann Plast Surg
1981;7:281-5.

~414 ~



276 Dose optimization of kelolds

[27] Ogawa R, Mitsuhashi K, Hyakusoku, et al. Postoperative electron-beam
jrradiation therapy for keloids and hypertrophlc scars: retrospective study of
147 cases followed for imore than 1B months. Plast Reconstr Surg
2003;111:547-53.

[28] Stadelmann WK, Digenis AG, Tobin GR. Physiology and healing dynamics of
chronlc cutaneous wounds, Am ] Surg 1998;176:265-385.

[29] Brown JR. Bromberg JH: preliminary studles on the effect of time-dose
patterns in the treatrnent of kelolds, Radlology 1963;80:298-300, .

{30] Edsmyr F, Larsson LG, Onyango J, et al, Radlatlon therapy in the treatment of
kelofds in Bast Africa, Acta Radlol Ther Phys Blol 1974;13:102-6.

[31] Van Den Brenk HA, Minty CC, Radiation in the management of kelolds and
hypertrophlc scars. Br ] Surg 1960;47:595~605.

{32} Epstein Jr BH, Munderloh NH, Isolation and characterization of CNBr peptides
of human [ol{liD)}s collagen and tissue distribution of [ol{l)ls-o2 and
fal{liD)s collagens, ] Biol Chem 1975;250:9304-12,

{33} Hayakawa T, Hashimoto Y, Myakel Y, et al, Changes In type of collagen during
the development of human postburn hypertrophic scars. Clin Chim Acta
1979,93:119-25,

{34} Cosman B, Wolff M, Bilateral earlobe kelolds, Plast Reconstr Surg
1974:53:540-3,

{35} Hiotz BL, Radiotherapy for keloid treatment, ] Nati Med Assoc 1973,65:71~5,

{36] Enhamre A, Hammar H. Treatment of kelolds with excislon and postoperative
X-ray irradiation, Dermatologica 1983;167:90-3,

~ 415 ~



Int J Clin Oncol (2009) 14:408-415
DOT 10.1007/510147-009-0889-0

© The Japan Society of Clinical Oncology 2009

ORIGINAL ARTICLE

Kanji Matsuura - Tomoki Kimura - Kozo Kashiwado
Kazushi Fujita - Yukio Akagi - Shintarou Yuki '
Yuji Murakami - Koichi Wadasaki « Yoshio Monzen
Adtsushi Ite « Masayuki Kagemoto « Masaki Mori
Katsuhide Ito - Yasushi Nagata

Resuits of a preliminary study using hypofractionated involved-field radiation
therapy and concurrent carboplatin/paclitaxel in the treatment of locally

advanced non-small-cell lung cancer

Received: October 29, 2008 / Accepted: February 19, 2009

Abstract

Background, We aimed to evaluate the feasibility and effi-
cacy of hypofractionated involved-field radiation therapy
(IFRT) omitting elective nodal irradiation (ENI) with con-
current chemotherapy for locally advanced non-small-cell
lung cancer (NSCLC).

Methods. Between July 2004 and July 2006, ten patients
with locally advanced NSCLC were included in this study.
One had stage ITIA and 9 had stage IIIB disease., The treat-
ment consisted of IFRT in fractions of 2.5 Gy and weekly
carboplatin (CBDCA )/paclitaxel (PTX). Hypofractionated
IFRT with a median total dose of 65 Gy with median percent
total lung volume exceeding 20 Gy (V20) of 20.2%, and
a median of five courses of chemotherapy with weekly
CBDCA (area under the curve, 1.5-2.0)/PTX (30-35 mg/
m®) were given to all patients. '
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Results, The median survival time and the 1-,2-, and 3-year
overall survival rates were 29.5 months and 90.0%, 58.3%,
and 43.8%, respectively, No elective nodal failure was
encountered during the median follow up of 18.2 months.
No acute or late toxicities of grade 3 or worse were observed.
No in-field recurrence occurred in the group with a total
dose of 67.5 Gy or more, but there was such recurrence in
83.3% of those in the group with less than 67.5 Gy.
Conclusion, Hypofractionated IFRT with weekly CBDCA/
PTX was a feasible treatment regimen. Hypofractionated
IFRT with a total dose of 67.5 Gy or more could be a prom-
ising modality to improve the treatment results in patients
with locally advanced NSCLC.

Key words Involved-field radiation therapy (IFRT) - Elec-
tive nodal irradiation (ENT) - Three-dimensional conformal
radiation therapy (3DCRT) - Non-small-cell lung cancer
(NSCLC) - Carboplatin (CBDCA) - Paclitaxel (PTX)

*

Introduction

At present, the standard evidence-based treatment for
advanced non-small-cell lung cancer (NSCLC), based on
data in patients with locally advanced disease, is considered
to be concurrent chemotherapy (CHT)-radiation therapy
(RT) with a platinum-based regimen.! This concurrent
CHT-RT provides a median survival time (MST) of 16-17
months, a 1-year overall survival (OAS) rate of 60%-70%,
and a 2-year OAS rate of 30%—40%,>” but these results
should be open to further improvement. In addition, there
is a problem regarding the fact that grade 3/4 radiation
esophagitis occurs in 20%-30% of these patients.™

Local recurrence is one reason for the poor survival rate
after RT, and it has been reported that an improvement in
local control leads to increased survival in locally advanced
NSCLC.% Therefore, intensification of the in-field effect
to improve local control has previously been attempted.
However, even though an increase in the total dose and a
shortening of the overall treatment time are effective for
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improving the local control, problems remain due to the
increase in severe esophagitis and pneumonitis.

Recently, involved-field radiation therapy (IFRT) omit-
ting elective nodal irradiation (ENI) to achieve improved
local control by high total dose irradiation, without in-
creasing toxicity, has been attempted for locally advanced
NSCLC, and the results of these attempts suggested that it
might be possible to irradiate safely with a high total dose
using JFRT? After the publication of these results, we
introduced IFRT for locally advanced NSCLC within affili-
ated institutions of Hiroshima University, in 2001. In addi-
tion, we started a preliminary study in 2004 to evaluate
the feasibility and efficacy of hypofractionated IFRT with
concurrent carboplatin CBDCA)/paclitaxel (PTX). The
once-daily fraction is 2.5 Gy, in order to improve the in-field
control due to the high total dose irradiation with a higher
fraction dose and to also to shorten the overall treatment
time.

Patients and methods

Between July 2004 and July 2006, a total of ten patients with
locally advanced NSCLC were enrolled in this preliminary
study and were evaluated. Before inclusion, all patients
signed a written study-specific informed consent. In addi-
tion to giving them the details of this study, we also explained
that the treatment would be cancelled if they rejected the
designed treatment of this study during the treatment
period. Eligibility criteria included patients with locally
advanced stage IITA-N2 disease or stage IIIB disease
‘(excluding malignant pleural effusion, malignant pericar-
dial effusion, and lymphangitic carcinomatosis), histologi-
cally or cytologically confirmed NSCLC, age between 20
and 74 years, Eastern Cooperative Oncology Group
(ECOQG) performance status of 0-1, no prior therapy for
this malignancy, and adequate laboratory and pulmonary
functions. Adequate laboratory function included a leuko-
cyte count of 4000/mm”® or more, platelet count of 100 000/
mm’® or more, hemoglobin 9.5 g/dl or more, total bilirubin
level less than or equal to the upper limit of normal, and
creatinine clearance of 60 mi/min or more. Adequate pul-
monary function was defined as a forced expiratory volume

Table 1. Characteristics of patients and tumors

409

in 1 s of more than 1.01 and PaO, of 70 torr or more. Any
patients with previous malignancies or severe complications
(such as obvious interstitial pneumonitis, advanced pulmo-
nary emphysema, and poorly controlled diabetes) were
excluded. Before therapy, all patients were evaluated clini-
cally with a history, physical examination, laboratory exam-
ination, radiographic studies, pulmonary function test,
and electrocardiogram (ECG). The laboratory examination
included a complete blood cell count, liver function studies,
renal function studies, and measurement of electrolytes.
The radiographic studies included chest X-ray, thoracic-
abdominal computed tomography (CT), head magnetic
resonance imaging {(MR1I), and bone scintigraphy. Whole-
body fluorodeoxyglucose-positron emission tomography
(FDG-PET) scan was not routinely performed.

The patient and tumor characteristics are shown in Table
1. The patients’ median age was 68 years (range, 54-74
years); nine were males, and one was female, Five (50.0%)
presented with squamous cell carcinoma, four (40.0%) with
adenocarcinoma, and one (10.0%) with large-cell carci-
noma. One (10.0%) had stage IIIA disease (T2N2; n = 1)
and nine (90.0%) had stage IIIB (T1N3, n = 1;T2N3,n =5;
T4NO, n = 1; T4N1, n = 1; T4N2, n = 1), Regarding the
staging, all patients underwent thoracic-abdominal CT,
head MRI, and bone scintigraphy. Whole-body FDG-PET/
CT was performed in four patients (40.0%).

All patients were treated with three-dimensional con-
formal radiation therapy (3DCRT) that was planned with
a three-dimensional radiation treatment planning system.
All patients underwent treatment-planning CT of the chest
for identification of the target and normal anatomy. The
treatment-planning CT was performed with continuous
slices measuring 5 mm in thickness and with a long scan
time of 3s or more per image without breath-holding,
throughout the whole lung and tumor. Only lymph nodes
with a short-axis diameter of 10 mm or more on CT were
included in the gross tumor volume (GTV-LN) without
histological confirmation, in addition to the primary tumor
(GTV-P). However, when lymph node involvement was
suspected on FDG-PET/CT according to diagnosis by a
PET specialist, lymph nodes with a short axis of less than
10 mm were included in the GTV-LN, In addition, the clini-
cal target volume (CTV) was defined as the GTV-P plus
the GTV-LN. The planning target volume (PTV) was con-

Patient no. Age (years) Sex PS Histology T N M Stage Location of primary tumor
1 57 M 0 sQ 2 3 0 aiB Rt.LL
2 60 M 0 AD 1 3 0 1118 Rt.UL
3 65 F 0 AD 2 3 0 B L UL
4 74 M 0 SQ 2 3 0 oIB Lt. UL
5 72 M 0 SG 4 2 0 oB Rt LL
6 70 M 0 SQ 2 2 0 HIA Lt.LL
7 3 M 0 sQ ¢ 4 0 0 HiB L. UL
8 72 M 1 Lc 2 3 0 1B Rt. UL
9 58 M 1 AD - 4 1 0 1B Lt. UL

10 54 M 0 AD . 2 3 0 ImB Rt. UL

PS, performance status; SQ, squamous cell carcinoma; AD, adenocarcinoma; LC, large cell carcinoma; Rt right; Lt,, left; LL, lower lobe; UL,

upper lobe
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Fig. 1a,b, Digitally reconstructed
radiographs (JDRRs) demonstrat-
ing a the typical elective nodal
irradiation (ENI) field and b the
involved-field radiation therapy
(IFRT) for a patient with stage
IHA non-small-¢ell lung cancer
{NSCLC). The primary tumor is
displayed in red; metastaticlymph
nodes are displayed in green; the
esophagus is displayed in orange.
On DRR of IFRT, the esophagus
is outside the radiation field

toured around the CTV with a three-dimensional margin of
10-15 mm (thus making allowances for the location of the
primary tumor, the respiratory mobility of the tumor, and
the setup margin). In addition, a port margin of 5 mm was
set around the PTV, The difference between the ENI and
IFRT fields is shown in Fig. 1. The doses were calculated
at the isocenter with heterogeneity correction algorithms,
using both a superposition method (6 patients) and a con-
volution method (4 patients). The hypofractionated IFRT
was delivered on a linear accelerator, using a 6- to 10-MV
photon beam. The hypofractionated IFRT was delivered
via a coplanar technique or a noncoplanar technique with
multiple fields to deliver a dose of 2.5 Gy once daily in five
fractions weekly, and all radiation fields were treated every

- day. In the course of IFRT, field reductions according to
the tumor volume reduction were permitted.

The fraction dose setting in this study was selected based
on the preliminary results reported by Kimura et al.,”* which
included accelerated hyperfractionated IFRT (66-75 Gy in
1.5-Gy twice-daily fractions) +/~ concurrent CHT. Before
the induction of IFRT, irradiation by using accelerated
hyperfractionation was considered for IFRT to shorten the
overall treatment time, However, we thought that twice-
daily fractions might not be practical under clinical condi-
tions, and we decided to use once-daily fractions of 2.5 Gy,
whose biologically effective doses (BED) Gy 10 and BED
Gy 3 in a day were almost equivalent to that of twice-daily
fractions of 1.5 Gy. It was prescribed that the dose variation
within the PTV be limited to between 90% and 107% of
the prescribed dose. The maximum dose to the spinal cord
was kept at Iess than 40 Gy. The percent total lung volume
(the volumes of both lungs minus the CTV) excéeding
20 Gy (V20) was kept to less than 30% in principle, as a
higher volume was a predictive factor for the risk of radia-
tion pneumonitis.""* The limitation of the V20 value was

considered based on the findings of the Radiation Therapy
Oncology Group (RTOG) 9311 phase I study performed by
Bradley et al.”® in which the estimated rate of grade 3 or
more lung toxicity was 0% after IFRT of 70.9 Gy was given
in 2.15-Gy once-daily fractions to patients with V20 values
of 25% to less than 37%.

The minimal planned total dose was prescribed to be
60 Gy/24 fractions (BED Gyl0 is equivalent to that of
62 Gy/31 fractions). The maximum planned total dose was
prescribed according to the V20 value as follows: (1) V20
less than 15%, 70 Gy/28 fractions (BED Gyl0 is almost
equivalent to that of 74 Gy/37 fractions), (2) 15% < V20 <
25%, 67.5 Gy/26 fractions (BED Gy10 is almost equivalent
to that of 70 Gy/35 fractions), (3) 25% < V20 < 30%,
65 Gy/26 fractions (BED Gy10 is almost equivalent to that
of 68 Gy/34 fractions). The decision regarding the final total
dose was made by the radiation oncologist under these dose
settings. The details of IFRT given are shown in Table 2.

As the concurtent CHT, weekly intravenous CBDCA
(area under the curve [AUC], 1.5-2.0) and PTX (30-35 mg/
m®) during IFRT was set up in principle. This regimen and
the dose setting were considered based on the findings of a
phase I study performed by Ohashi et al.,'* which defined
the dose level of CBDCA (AUC, 2.0) and PTX (35 mg/m?)
in combination with hyperfractionated RT (69.6 Gy in 1.2-
Gy twice-daily fractions) with ENI as the maximum tfoler-
ated dose. Details of the CHT given are shown in Table 2.

The tumor response rate was analyzed according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines as follows: complete response (CR), the disap-
pearance of all target lesions; partial response (PR), at least
2 30% decrease in the sum of the longest diameters of target
lesions, taking as a reference the baseline longest diameter
sum; progressive disease (PD), at least a 20% increase in
the sum of the longest diameters of target lesions, taking as
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