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Fig. 6. Actuarial local control rates for the patients who received 60 Gy/8 Fr/2 weeks (line) and for those who received

48 Gy/8 Fr/2 weeks (dotted line).

It is apparent that the possibility of radiation pneumo-
nitis may be increased by increasing the irradiated lung
volume (27-29). Several authors have reported the re-
sults of pulmonary function tests after conventional ra-
diotherapy for lung cancer (28, 29). Sunyach et al. re-
ported that three-dimensional conformal radiotherapy for
NSCLC significantly decreased the total lung capacity by
6.5% of the predictive value, but there was no significant
change in DL and FEV | 4 (29). In another study, Abratt
et al. reporied that a conventional anteroposterior parailel
opposed field significantly decreased DL by 14% and
total lung capacity by 6% at 6 months (30). The risk of
radiation pneumonitis is known to be high if the total
lung volume receiving 20 Gy (V,o) or 30 Gy (V) is
larger than the threshold (27, 31). A small target volume
is beneficial in that it can reduce the volume that is

irradiated with greater than the threshold dose, so that
radiation pneumonitis can be expected to occur less fre-
quently. In preparatory studies, we found that small-
volume IGRT can decrease the volume that receives
20-50% of the prescribed dose for PTV less than 6 X 6
X 6 cm® (20, 21). As expected, symptomatic radiation
pneumonitis resulting from small-volume IGRT did not
occur in this study. Furthermore, the respiratory function
test was not significantly declined. Our results suggest
that small-volume IGRT is feasible for patients with poor
respiratory function. The parallel structure of lung paren-
chyma may explain why there was no incidence of pul-
monary functional deterioration or large volume effect in
pulmonary function. The maximum treatment volume for
which the symptomatic radiation pneumonitis does not
occur cannot have been determined with our protocol.

Table 2. Patients with local failure

Time to Maximum
Metastasis failure tumor size Prescribed Number of Mean PTV Maximum Minimum
or primary (months) Histology (cm) dose beams dose PTV dose PTV dose
Primary 25 SCC 5.5 48 Gy/8 Fr 8 48.3 Gy 37.1 Gy 53.0Gy
Primary 20 SCC 4 48 Gy/8 Fr 9 48.0 Gy 513 Gy 44.9 Gy
Primary 16 SCC 0.8 48 Gy/8 Fr 9 47.4 Gy 28.0 Gy 499 Gy
Primary 6 SCC 3 48 Gy/8 Fr 9 50.1 Gy 46.4 Gy 53.5Gy
Primary 3 Adeno 35 48 Gy/8 Fr 9 47.8 Gy 409 Gy 51.8Gy
Metastasis 10 SCC 1 48 Gy/8 Fr 9 48.1 Gy 39.1 Gy 52.5Gy
Metastasis 9 SCC 1 48 Gy/8 Fr 9 48.9 Gy 35.7 Gy 54.9 Gy

Abbreviations: SCC = squamous cell carcinoma; Adeno = adenocarcinoma.
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Careful dose escalation study with different bins for
different treatment volumes will be required for this
purpose (15).

Organ movement is an important issue as a source of un-
certainty in our study. Systematic or preparatory error resulting
from organ motion can significantly increase or decrease the
dose distribution for the critical organs in general (32). In-
trafractional organ motion can affect dose distribution consid-
erably for lung tissues. Breath-holding, gating, and respiratory
synchronization have been used to reduce the uncertainty re-
sulting from respiratory movement (33-37). We have used a
three-phase CT scan to determine the ITV and have not seen
symptomatic radiation pneumonitis, probably because of the
small size of the PTV. Technical developments may effec-
tively reduce the safety margin for internal motion, but their
clinical importance should be compared carefully with the
technique introduced in the current study because our method
does not require investinent in new equipment.

We concluded that the optimal dose constraints for
esophagus using our technique were lower than we had
hypothesized. Forty-eight Gy in eight fractions at the iso-
center can exceed the MTD of esophagus with our tech-
nique. In the past, we have had no dose constraints for chest
wall. Sixty Gy in eight fractions cannot be recommended
when a significant area of the chest wall receives 90% of the
prescribed dose. Perhaps other serial structures such as
coronary arteries and intercostal nerves should be also in-
cluded in the dose constraints. Because of this, we have
halted this Phase I/II study and are planning to rearrange the
protocol setting accordingly.

The reproducibility and stability of the patients during
our treatment may not have been optimal, because we have
not taken a linacography from the second day nor used
stereotactic devices. There is a great possibility that a
greater dose than we estimated was delivered to the esoph-
agus in the patient with Grade 5 esophageal complication as
a result of the uncertainty in setup. We had considered that
the level of accuracy required for IGRT of the lung might be
rather modest because of the parallel structural nature of
lung tissues—as long as small tumors are the targets of
IGRT. However, this study suggested that immobilization is
important to reduce error to the at-risk extrapulmonary
serial organs, even when small tumors are treated. Negoro et
al. have found that a correction to a patient’s setup was
required in 25% (20/80) cases with the absolute errors from
4 to 8 mm (mean 4.9 mm) by using a stereotactic body
frame and daily film verification (38). By using this tech-
nique, they have not seen any serious complications after
giving 40-48 Gy in 4 fractions for 37 patients with one or
two lung tumors during the follow-up period of 3-29

Volume 56, Number 1, 2003

months (median 18 months) (39). The risk of esophageal
complication may be lower in their setup technique. Ue-
matsu ef al. have used CT scanning in the treatment room
for verification before irradiation of lung tumor every treat-
ment day (5). In the 50 patients with a median follow-up of
36 months, they have not seen any major radiation injury.
CT must be more efficient than portal film as the verification
method to reduce the risk of giving dose higher than toler-
able dose of soft-tissue critical organs.

In this study, the local tumor control rate for all tumors was
804% = 7.1%. The 2-year regional control rate in patients
with Stage I primary lung cancer was 85.2% = 9.8%. The
2-year local tumor control rate was 65% in Kaskowitz et al.’s
series, in which Stage I NSCLC was treated with conventional
radiotherapy using the median prescribed dose of 63 Gy (11).
Cheung et al. reported that 49% of T1-3 NSCLC patients
(30/61) experienced a local relapse within 2 years (8). Com-
pared with these studies, the use of small-volume IGRT to treat
lung tumors in our protocol setting provided better outcomes in
terms of local control, although a simple comparison is mis-
leading because of the heterogeneity of the patients in our
series. There were more recurrences in patients who received
48 Gy in eight fractions than in those who received 60 Gy in
eight fractions. Because the patients who received 48 Gy had
larger tumors by stratification, this difference cannot be simply
attributable to the difference in the dose, but it is not suitable
for multivariate analysis. However, the good local.control rates
reported by other investigators are achieved with a dose bio-
logically more similar to 60 Gy in eight fractions than to 48 Gy
in eight fractions (5, 17, 18). Our results may suggest a dose~
response relationship in tumor control between the two dose
schedules. Caution must be used in the nonhomogeneous dose
distribution in small-volume IGRT; in this study, the periphery
of the tumor received about 80% of the prescribed dose.

In conclusion, the organs at risk in small-volume IGRT
with a high-dose hypofractionated schedule are extrapleural
organs such as the esophagus and internal chest wall/pari-
etal pleura rather than the pulmonary parenchyma in the
present protocol setting. Small-volume IGRT using 60 Gy
in eight fractions is highly effective for local control of lung
tumors, but MTD has not been determined in this study. The
prospective study of small-volume, hypofractionated radio-
therapy for lung tumors requires dose constraints not only
for the spinal cord, large bronchus, esophagus, and brachial
plexus, but also for internal chest wall, and probably for
other organs with serial structures. Consideration of uncer-
tainty in the contouring of normal structures is critically
important in the setup of patients and internal organ in
high-dose hypofractionated IGRT.
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Abstract: Although non-small cell lung cancer (NSCLC) has the potential for
cure with surgical resection, unfortunately, less than 15% of all patients and less
than 25% of those who present with intrathoracic localized disease are candidates
for curative surgical resection. Elderly patients, even if they have resectable dis-
ease, often have medical contraindications to surgery, such as cardiovascular
diseases and pulmonary dysfunction. For inoperable or unresectable NSCLC,
radiation therapy (RT) is widely used as either curative or palliative treatment.
There is increasing evidence that RT may improve the survival rate for patients with
locally advanced unresectable NSCLC when combined with cisplatin-based
chemotherapy or administered by altered fractionation. In limited-stage small cell
lung cancer, the addition of thoracic RT and prophylactic cranial irradiation to
systemic chemotherapy has also improved disease control. in patients with more
advanced disease, RT has provided relief of symptoms. Newer radiotherapeutic
methods are promising for increasing the dose targeted to the tumor while sparing
healthy tissue. In addition, heavy ion charged particle therapy, brachytherapy,
stereotactic irradiation, and multi-daily fractionation have shown promise in the
treatment of lung cancer. Furthermore, there have been advances in the tech-
nology for treatment delivery, especially three-dimensional treatment planning
systems, patient fixation tools, and respiratory synchronous system for RT.

Key words: Lung cancer; Radiotherapy; Chemotherapy

Introduction operat.ive. anq Postoperative irradiation; (3)
thoracic irradiation for small cell lung cancer

Radiotherapy for lung cancer has been prac- (SCLC); (4) prophylactic cranial irradiation
ticed as (1) curative treatment for unresectable (PCI) for brain metastasis of SCLC; and (5)
non-small cell lung cancer (NSCLC); (2) pre- palliative treatment for respiratory symptorms,

This article is a revised English version of a paper originally published in
the Journal of the Japan Medical Association (Vol. 128, No. 3, 2002, pages 396-399).

JMAJ, December 2003—Vol. 46, No. 12

- 123 -



K. HAYAKAWA

superior vena cava syndrome, and bone and
brain metastases.'” Although the treatment
outcome is still poor, survival rates have been
improved gradually through the development
of radiotherapy techniques, as well as the ad-
vancement of combined chemoradiotherapy.
This article discusses the role of radiotherapy
in the treatment of lung cancer and reviews
recent advances of radiotherapy, including
combined therapies.

Curative Radiotherapy for Non-Small
Cell Lung Cancer (NSCLC)

Curative radiotherapy is indicated for locally
advanced NSCLC patients in the clinical stage
of Bulky N2 IITA and IIIB excluding the cases
with malignant pleural effusion, as well as
early-stage NSCLC in patients who are con-
sidered too old to be operable or who have
other complications such as cardiopulmonary
dysfunction.

1. Tumor size and local control

Because radiotherapy induces stochastic
death of cancer cells according to the dose of
radiation, the possibility of tumor control
depends on the amount of cancer cells. In addi-
tion, larger tumors have higher proportions of
hypoxic cells, which are less sensitive to radia-
tion. Thus, patients with smaller tumors have a
better chance of cure. It is generally considered
that curative radiotherapy is indicated for
tumors of sizes up to about Scm.? Using the
standard fractionated irradiation of 2 Gy once
daily, the dose needed for tumor control is 40 to
50 Gy for microscopic tumors and over 60Gy
for macroscopic residual tumors. The tumor
control probability is 80% for T1 tumors at the
dose level of 70 to 75 Gy, and 50% to 70% for
T2 tumors with diameters of 5cm or less at
75 Gy or more.”)

2. Histological types and irradiation to

nodal metastasis
Different histological types of lung cancer

538 JMAJ. December 2003—Vol. 46. Na. 12

show different trends in lymph node meta-
stasis. Observation in surgical cases indicates
that squamous cell carcinoma metastasizes
continuously from the pulmonary hilum to the
mediastinum, while adenocarcinoma tends to
spread discontinuously.” Some cases of squa-
mous cell carcinoma have no distant metastasis
even when there are mediastinal lymph node
metastasis. On the other hand, mediastinal
lymph node metastasis of adenocarcinoma and
large cell carcinoma often accompanies distant
metastasis. As a result, long-term survivors
treated with radiotherapy include a high per-
centage of cases with squamous cell carcinoma,
in which local control of disease has improved
long-term survival. If the primary tumor is
located in the upper lobe or the superior seg-
ment of the lower lobe, both the primary tumor
and nodal metastasis can be irradiated within a
relatively small field of irradiation. Better long-
term survival can be expected in these cases as
compared with cases having primary sites in
other locations.

3. Combination with chemotherapy

(chemoradiotherapy)

The standard treatment for unresectable
locally advanced NSCLC now consists of com-
binations of radiotherapy and chemotherapy
intended to control microscopic -metastases
and enhance the local effect of radiation.” The
timing of the combined use of these therapies
is crucially important in chemoradiotherapy.
There are 3 different timings of the combined
use: (1) sequential chemoradiotherapy in which
neoadjuvant (induction) chemotherapy is fol-
lowed by radiotherapy, (2) alternating chemo-
radiotherapy in which the two therapies are
performed, and (3) concurrent chemoradio-
therapy in which antineoplastic agents are used
during radiotherapy. Sequential chemoradio-
therapy is the least toxic and used widely in
routine clinical practice. However, it has been
reported that sequential chemoradiotherapy
did not show clear benefit in the survival of
patients with squamous cell carcinoma, although
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it was effective in non-squamous cell carci-
noma,” and it does not improve the overall rate
of local relapse. For these reasons, the prefer-
ence is moving towards concurrent chemo-
radiotherapy aiming at the improvement of
local control rate.” Alternating chemoradio-
therapy is not commonly used, since this pro-
tocol involves split course of radiotherapy.
Chemoradiotherapy for elderly patients is
still controversial because of the problems of
toxicity.”

4. Advancement of radiotherapy techniques

The basic principle of radiotherapy is to
improve the local control rate through admin-
istration of as large doses as possible to target
lesions while limiting the effect on surrounding
normal tissues within the limit of tolerance.
Several irradiation methods have been devel-
oped to maximize dose concentration to lesions,
including 3-dimensional conformal radio-
therapy,® heavy ion (charged particle) therapy,
stereotactic irradiation, and brachytherapy.
Apart from brachytherapy, external radio-
therapy methods are further reinforced by the
development of techniques such as respiration
synchronous irradiation and dynamic tracking
systems, which counteract the respiratory
movement of tumors. These techniques have
been reported to achieve good local control of
inoperable peripheral lung cancer in the early
stage. While early-stage squamous cell carci-
noma in the pulmonary hilum region is show-
ing a tendency to increase, the most effective
therapy for this cancer is endobronchial
brachytherapy. This treatment is reported to
achieve a cure rate of over 80%."

While standard radiotherapy uses once daily
fractionated irradiation at 1.8-2 Gy, 5 times per
week, multi-daily fractionation may be per-
formed for the purpose of expanding the differ-

ence between the effect on normal tissues and
the therapeutic effect on tumors. The benefit of
increasing doses in multi-daily fractionation is
reported to be more marked in cases with squa-
mous cell carcinoma.

Combination with Surgery

Because surgery and radiotherapy are both
local therapies, a combination of these two
modalities can be used only to a limited extent.
The timing of combined use can be preopera-
tive irradiation intended to improve resecta-
bility and prevent intraoperative metastasis
and postoperative irradiation for the main pur-
pose of controlling residual tumors and micro-
scopic mediastinal lymph node metastasis.
While the effectiveness of preoperative irradia-
tion has not been reported except for the reports
on Pancoast tumor, recent progress of chemo-
therapy has promoted clinical studies on the
use of preoperative chemoradiotherapy. On
the other hand, postoperative irradiation is
generally considered to offer no benefit in sur-
vival, although it contributes to the improve-
ment of the local control rate. However, radio-
therapy after non-curative resection has been
reported to achieve a 5-year survival rate of
over 40%," suggesting the significance of post-
operative irradiation in cases with residual
tumors. Future study is needed to evaluate post-
operative mediastinal irradiation in patients
with pN 2 to 3 tumors intended for control
microscopic residual tumors.”

Radiotherapy for Small Cell Lung
Cancer (SCLC)

1. Thoracic radiotherapy
While SCLC is more sensitive than NSCLC
to both radiation and many antineoplastic

Note: LD refers to the lesions that are limited to the hemi-thorax, including the ipsilateral pulmonary hilum, the
bilateral mediastinal lymph nodes and supraclavicular fossa (or ipsilateral pleural effusion). Advanced cases
beyond the above-mentioned limits are referred to as ED (ipsilateral malignant pleural effusion is usually

included in ED).
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agents, it proliferates aggressively and the
majority of patients show locally advanced
disease or distant metastasis at the time of
diagnosis. For this reason, clinical stages are
generally classified into limited disease (LD)
and extensive disease (ED).N' Although
SCLC 1s treated mainly with chemotherapy,
standard therapy for LD disease includes the
addition of thoracic irradiation to systemic
chemotherapy, because it reduces local pro-
gression rate. The timing of radiotherapy is
best when it is used concurrently with chemo-
therapy early after the beginning of treatment.
and a 5-year survival rate of about 20% has
been reported for LD cases.” Recommended
dose and fractionation is 45 Gy delivered as
twice daily 1.5 Gy fractions over 3 weeks (accel-
erated hyperfractionation).

2. Prophylactic cranial irradiation (PCI)

Central nervous tissues are not sufficiently
sensitive to the effect of chemotherapy because
of the presence of the blood-brain barrier.
Hence, prophylactic cranial irradiation PCI has
long been used for the purpose of controlling
microscopic brain metastases in the treatment
of SCLC. Although PCI reduced the relapse
rate of brain metastasis, few reports had docu-
mented the improvement of survival rate, and
the propriety of this procedure is controversial.
Recent results of meta-analysis, however, dem-
onstrated that PCI also improves survival rate
in patients showing clinically complete remis-
sion (CR) after initial treatment. As a result,
PCI is gradually being incorporated into the
standard therapy for patients showing CR after
initial treatment. Recommended doses for PCI
are 25 to 30Gy in 10 to 15 fractions."”

Palliative Radiotherapy

Even if extensively advanced stage of cancer
prohibits the expectation of cure. patients with
advanced cancer have multiple symptoms that
impair function and quality of life. Various
symptoms of lung cancer can be palliated by a
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slight reduction of the tumor volume in the
infiltration sites causing symptoms. Hence,
radiotherapy is also widely used as palliative
treatment. Indications for palliative irradiation
include (1) cancer pain, (2) symptoms due to
tumor compression on organs, and (3) hemor-
rhage from tumors.” More specifically, such
treatment 1s considered for symptoms such as
pain from chest wall infiltration and bone
metastasis, disturbance of motor function and
consciousness due to brain metastasis, superior
vena cava syndrome, airway obstruction, and
hemoptysis. All these symptoms are improved
by irradiation in 80 to 95% of the patients.
Doses of 20Gy or less are sufficient for the
purpose of relieving subjective symptoms.
Unlike narcotics, irradiation for pain can
achieve not only pain relief but also the control
of metastatic foci. The ability of radiotherapy
to facilitate rehabilitation of patients is an
important advantage.

Adverse Events Associated with
Radiotherapy and Precautions?

Because the effect of radiation on normal
tissues is limited to the irradiated volume,
radiotherapy usually does not cause significant
systemic adverse reactions such as leukopenia,
vomiting, and immunodeficiency, unless anti-
cancer drugs are used concurrently. One of the
acute reactions observed frequently during
thoracic radiotherapy is radiation esophagitis
associated with mediastinal irradiation. In
some patients treated with multi-daily irradia-
tion or the concurrent use of chemotherapy,
radiation esophagitis may cause severe swal-
lowing difficulty that would require interrup-
tion of treatment. In most patients, however,
esophagitis is transient and resolves naturally
after a few weeks from the completion of treat-
ment. Alcohol ingestion during radiotherapy
must be strictly prohibited.

Adverse reactions occurring after treatment
include radiation pneumonitis and pulmonary
fibrosis. Lung tissues receiving irradiation de-
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velop inflammatory changes a few months after
treatment and might eventually develop fibro-
sis. Although this condition is usually limited to
the field of irradiation, serious pneumonitis
extending beyond the radiation field may occur
occasionally after chemoradiotherapy.

Among delayed adverse reactions after
radiotherapy, the most important one that
requires the greatest caution is the effect on
the spinal cord. However, radiation myelo-
pathy can be avoided if sufficient precautions
are taken in the treatment plannings.

Conclusion

Radiotherapy plays important roles in the
local control of lung cancer. Radiotherapy for
inoperable or unresectable NSCLC provides a
greater chance of cure when the tumor is
smaller in diameter. The success of the treat-
ment for locally advanced NSCLC depends on
the locations of primary tumors and lymph
node metastases. Recent advances of therapeu-
tic techniques have enabled us to deliver large
doses to the targets and improve local control
rate. An important theme for future study is
development of optimal regimens for the com-
bined use of chemotherapy and radiotherapy
aiming to improve local control rate and pre-
vent distant metastases.

While clinical results of the treatment for
SCLC has been improved substantially by
the introduction of platinum agents, thoracic
radiotherapy also plays a major role and PCI
has been gradually incorporated into the stan-
dard therapy.
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Radiation Therapy in the Treatment
of Lung Cancer

Kazushige Hayakawa

Although non-small cell lung cancer (NSCLC)has the po-
tential for cure with surgical resection, unfortunately less than
15% of all patients and less than 25% of those who present
with intrathoracic localized disease are candidates for cura-
tive surgical resection. Elderly patients, even if they have
resectable disease, often have medical contraindications to
surgery, such as cardiovascular disease or pulmonary dys-
function. Radiation therapy (RT) for lung cancer has been prac-
ticed as{(1)curative thoracic irradiation for inoperable or
unresectable NSCL.C, (2) preoperative and postoperative ir-
radiation, (3)thoracic irradiation for limited-stage small cell
lung cancer (SCLC), (4) prophylactic cranial irradiation (PCI)
for SCLC, and(S)pallia[ive irradiation for more advanced
disease. Recent evidence indicates that RT with high equiva-
lent doses of 60 Gy or more using conventional once daily
fractionation may improve the survival rate for patients with
locally advanced unresectable NSCLC when combined with
cisplatin-based chemotherapy or administered by altered frac-
tionation. In limited-stage SCLC, the additions of thoracic
RT and prophylactic cranial irradiation to systemic chemo-
therapy have also improved disease control. In patients with
more advanced disease, RT has provided relief of symptoms.
Newer radiotherapeutic methods are expected to hold promise
in increasing the dose to tumor while sparing normal tissue.
Recently, heavy ion charged particle therapy, brachytherapy,
stereotactic irradiation, and multi-daily fractionation have
shown promise in the treatment of lung cancer. Furthermore,
there have been advances in the technology for treatment
delivery, especially three-dimensional treatment planning
systems, patient fixation tools, and respiration synchronous
systems for RT.
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Key words: Radiotherapy, Non-small cell lung cancer,
Small cell lung cancer, Chemoradiotherapy
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BEHRRAE CIEEREATED 5720 D%&ME LTI, O
BOTFERELRFATANICEEIIED ) 528, OREHRIC
& B IEEMBSUCH RS S 0 5 BT E O #FM TR
AR L, PLEERD. Lo T, BEHERE
TiE, OQEFOBGHESMERLEET - ERFEN 2 04
FHRE, OQBEFEORE S, OERO S % EANEHE
DRGEfNTHEELZRFLLL. ZOMOTFHRREAFL
LCid, WA, &5 RREPS, KERD) R EVEET
H5.

1. BV X &R

BUFHRAR CIREIIE U CHERIIZIERGAIREEANRA L
TV 72018, BETHRIGEC X 2 EEHIE O ge T X IEEH
FE\RIET 5. 7o, BB A XHKRE (e b L BGHRE
SHOBENERFMaNES L& RS, Lo T, B
YA XAPKRECITERBEDSLEE 75 (Fig. 1),

2. 1B LRHE

FEEHIECEY 2B, BEMEN 2 EEME I L
Tid 1 [@ 2Gy D@EE S EIT40~50Gy T & WA, HARAICFE
F9 DHEREICIZ60GY L EOMEBEASVLEE RS, EHIZ, R
WREREDOTIEE TIZ70~75Gy DT T80%, T2dMEERE
5ecmEN T THNILT5Gy LL E D BBEHT50~70% DI DT EE
HEAESRTWAEYY, LA L, MAE~D80GyLL LD
BESHI BB ORI H 519,

— R BBETEF AV SV T EIEE RO ARG SIS <
Bl KBERENAEEL 25, I BETBF AL & i
JRAEDFIED ) A2 HEL 2 b0, FBOBERRIEREC
b s lERRBRO 70 b a— LT, BEEFICOWTHE
IRBEPFTORTVWDLEDNEY, Thit, X3z
L — ¥ BER ECREESRAMO12(F FEE ALK
BEREOBAIZEZ)FBALVENICHEFEERHTAZ L *
HELLLDTH A, BE T3 RTTIEFETEF LR L,
grade 2 (RTOG) A E DO HSHEMEARED ) A 7 KT &
#5701, 20Gy L EEET SN B IEEHT O FIEV0D E
ETHiHEINTWE, Tbb, MEKREMOEAC
1, Vol EEEEDOERIEDI0%EBZRVWE) (TES
PF3S%LLTIC 2 5 £ 912, {LEEmEp ARz IS % 2R
AV EDIETET A LS HERIN TV A I, FHEEH
AR ARSI B HAERI T, REIFOM/NSICRFER L E
BY R A ORI CRIETL2HELERTRET
HAH, LI, BREECERIMEREEZ TIETTRERIRD
f@ - i~ RESHIEE T, WIRMIEEARE(GTVIIZREL
TEBHEF A RET 5.

3. U/ HiEskg T % R

v SEER OB 2 MUREI RIS A B &, R LEER
BT 2 & MR~ EMERMECEERE L O Dizxt LT, IRdE
TIHIEEREICERT 2 (A x y TER)EAFRDOOND
(Table 1), F7-, RELBERETE, HREY >/ S@iEEgs

4
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Fig. 1 Correlation between dose and local control for non-small
cell lung cancer(modified data®’published by Vijayakumar S,
et al.)

FELTLEBERZEDL R WERAIL 2L THOON
BOE L, BREOWIEY v/ SR e T ERIEB O
BEix@mdis., Lid>T, BB v /3§i~OTF RS
RELEBETEESHLLOLEZLNDW, 72, IIHH
N2FEGI TR BRI A LD 5 VT TE LXK OEF D F A
MERML RSB HRTFHREFTH LY D, Zhid, R
REMLAT LD B VI TEEX TH M - {EfEdH 5\
FHE BT TR —HICRE LT B HBRIAN S <
TELDT, EEMHEADOBEOEENS LR TTLR
BHTH 5 (Fig. 2). V) v/ EERBEHAL CIERESIER 3l
BT CEHEENDL EFRERETH LY, F7-, MAM
FUEE % & T BRI 1T R & 2 g B % RIT TP ) TR

{, BELRMBRO) AL GBS 25, HELE) > /&
ERAI, FERERCRMOMEE L ERE THNITIRETE
b/ T&(Fig. 2), REEFOTRHENHS.

—75, KMWETHAGICIE, BEREICRE LIRS T HE
&) > SEHiDADOFFEA R 0 W REGIHE P
JitsECH DL R EREETH L, BREDALDIRGT
TwnweEioshtTtws, T, HAEE~OBTRE T
IOMV & D b 6MVXBAPZEE LWETAERND 5.

4. FHIEY &RRAHE
SRR AR O IGEBE IS OV CHRARIIGNIC A5 &,

R LB RIEFONS (RO LI, £ OHRRERIC
MBS L B EREIBD LNV, —7, IRE TS
{LEFEwE, RELEBRLEFAED S FEFERPFZ LIS
», HEEEF L E TR, THRORTEESEOBREIK
FLTWwBEEZ LML, EOMURIRE AR, &
SRR CR S MATHER & 37§ 720, RHEFMIE
BN RO N EBRETHS. £/, BFLEEMEEST
(IGRRTS 2 FERFICIEIRIRE TH T, €D T L 5 FAELF
T2ZEH% 0. [EHlE?E0 T T RIBEFICETD
(MREOBWERETHLLEZLNEL. TNHLDI L

AAERETE F63% E9%
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5, FEHRRRRIREIE A C L DR LERE LR LEIE
EIZRRIgREELEZLNS.

BERRENREFHHTE

BEHEEIZ L A RAHlH s 6 FEL LT, O
MERESAOYE, QMIHERSDIE, @ 1FEE
AIRIBEL R &% O GHR ORI RO, LIZRE (T
THhs.

1. ZRERESHOUE

ETHEROREKRIL, RERFOEFHEBR~NOZE
BHEPNICE DT, FRECTELLITREOHE YRS
THZ LWL )RFAHHEOM EeHLIETHE. ID
HED 72010 ST 5 1EHFEC 3 RITEBBEHRE
#(3-D conformal radiotherapy)'?, EMRFHRIREOH5H
5. & ICREPTETREICE T 2 LERSTREE T 3 K0T
FEARRSHC L 2 ERMABRIfTTOITW5,

NER I3 LT TN S BRI BB ST, BRI
A/NS V- HBHEEE 1 2 LEAEIET5 LB TRET
HAH. HEHENETIE, 48Gy/4 [, 45Gy/3 H, 60Gy/5 [l
T EOBEENHV SR T VDY, 4B, REOIFEER

HE 535

Bi~oxtilik e LT, BEEREEIC & A ISP A5
ETH 5%, WHREHARLEIREEER 2 & BB b FIgk s
NnNCTnas,

RIEH SNTWAGFRPEA F Vifx AV 7B

Table 1 Frequency of Nodal Metastases by Location and Cell

Type
Location and Adenocarcinoma Squamous cell
Nodai Status (%) carcinoma (%)
Central cancers
NO 8(47) 13(41)
N1 3(18) 10(31)
N1+N2 4(24) 9(28)
N2 anly : 2(12) 0
Total 17 (100) 32(100)
Peripherél cancers
NO 35(61) 31(78)
N1 . 6(11) 6(15)
N1+N2 8(14) 3(8)
N2only 8(14) 0
Total 57(100) 40(100)

Data'® from Libshitz HI, et al.

(A) Stage 1l )
Peripheral type Ceniral type
Limited field local She Cg nvciary
irradiation shado
*EMI option Tumor dose
60-70Gy
(B) Stage Ili .
Unper lobe orima Lower lobe primar (C) Superior sulcus tumor
o - -1
' ]
i
1
1]
Tumor dose EMI dose :
60-70Gy 40Gy ‘
EMI dose
40Gy '
(S8 primary)
(respiratory motion)

Fig. 2 Radiation field for non-small cell lung cancer according to.clinical stage and tumor location3

A: For peripherally located stage | tumors, isolated regional recurrence was uncommon, and therefore
elective mediastinal irradiation (EMI)may be omitted. On the other hand, centrally located stage | and I
tumors, especially squamous cell carcinoma, have a high probability to involve the regional nodes. Elec-
tive regional irradiation is recommended because the radiation field is not too large to encompass the

primary tumor and regional nodes.

B: For stage 1lI-N2 disease, tumors located in the upper lobe or supetior segment of the lower lobe make
it easy to encompass the tumor and all regional nodes including the supraclavicular nodes with smaller

fields than those at any other sites.

C: Superior sufcus tumors extensively invade the apex of thoracic wall, but fess commonly have hilar or
paratracheal nodal metastases. For clinical NO superior sulcus tumors, high-dose irradiation with lim-

ited local field may be recommended.

TR ISFE11 258
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MEBTMARIFS Z &% 5 Conformal Radiotherapy b2 L T
BY, bHPETH B THRIGEHRROREIFED LN TN
5. 3612, BEHREER ST CIThN TV ABELETRK
FHAE, BHIRRHRICEN TR Y, KRR
AT BUIHREBR T RITF 2 IBEERIEO R Thw 2. #
NIZLbE, BEOKESHT2TLEFEOLFIRELT
86.4Gy/18[H & %\ 272Gy/9 [BILL L DRG] %17 2 1£90-95%
BRI CH Y, FEMAR~NOZELEMTHL
EDhAoTEL., TNEDTF — 7 I35 B FRIEER
Conformal Radiotherapy D BRI K WVIZEF ST 5 2 & HRRE:
ShTWw5h,

SR NMRIB AR, BEMNIIREANO BIRER T b
THY, TR E R & v 7o 58 ER RS A
HEH. DAETE, MITESR R ROR GG EDL
ELTIThNTEY, EHRER MRS L 2GR TIE85%
Wi ORFHIEZESZ 5T 522, EETIEEHER
HICERIGELEE L LI, BRER N & 5 I0EDS
IO TWVEY, ATHEORGE L 4RO BBIBFHEDOMET
AHfFShTwa,

2. BEIRERSDIK
WEOWEHREHETIE 1 11 Bl 2Gy %38 5 [IBBETT 5 B
W EBBEHE SR VW ST WA, SR, EEM
T & IR AL & O [ TREGHRBZ M IR R ORI AS
AHNDLIERFML T SNABEETHSL, LA
T, WsET b0 4 O A 2 B @ SIREE A 1
T2RTTHDL. L4, HHISNTWEEHERET
i, BRSTRERR LEE SRS R o HEGERE S S BIE T
LEBEEMETHAS 4 ~ 6 BT AN, HERHRRTIER
M2 S 1 B 2 BIA—AEEYTH S, RTOG TIdIE/H
Faffigsicxt U 1 [1.2Gy 1 B 2 BIOE54BEH L 288
BB 21TV, BEE69.6Gy O RS AT B 73 S B 5t
60GYREIC I LABICATEPME LI EHEL TV AHY,
LaL, #RULEBE2HEML TS FHROEEFEEIHSHT
I o EDRER LB LN TV A, UL 1 [E1.2GyEE
BEDESEIRBENE T, BREOKIML TREL 255, &
B D IER T 5700, REUIB R OGO BEHE;TE L
TwahEbELOND, F72, BEHEEIRKEVEAIZE, B
BN HRANHL L EZRLCWELNDEEZLND,
FIT, HEMEOERE 8T 5 /2910, Medical Research
Council Tid, 1 FIEEIZIS5GyT 1 A 3 BEOREEZHED
RE 9712 B @ HT TSI 9 4 Continuous hyperfractionated
accelerated radiotherapy (CHART) & FHEN 5 BBEHE DGR
KBTI, EOR, CHARTIREATHIBIRICE
n, &IEFETHL ERFLERTRELFEV D S
CHEENTWAM, bbb, B LAL ) ICRPLE
BBEHHHOm ESF0F FFHRUEIET2CERT
HHLEZLND.
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3. BREUVEEE DA

P ARG XS ¥ 2 mER DR R BB T R & AR B TR
HoHT o, AL LREHHIEIEROBR EVEFINT
WD, RABE TR S A MiRIEETH B
7Y, MEEHE L TV ABEOMRRIU LAESHTHALZ L
b, WEERERORE 2IEGI L THRARRS IR &
N5, FHHHIIREERE R 2 L CRAG ARG
BEITV, REFZRFHREEROTNED,

BFREITIE/HBRNGRE (S8 T B ILE SR ADHIR

FEATIEANHHB IR L33 B TR A LR A & BE AT
HHME LTE, O BEEOR/INERERE T MM 572
O, QEZOBHMREIRY L7200, LIRSS,

1. (MR EOEG
FHTARE 2 R PTEAT IR/ NIRERE (Bulky N2IIIA/IIIBAR)
WIX Y AT 7 F 2 & EULERSIRE €179 & & g
HARIETH 0, 3B RE) /S EER s b (LSt gt
BB D HALEZLNTWS, AYTT)IAD
JERS T, (LSFEEGEBIC L AFISIE 2 EEFET4%
BETHY, FROFRIERZTDT LGV VRIS
B, ALFERGRBEEORWIRIE, 2HKESRIF(PS
0, 1)%FEMTH LD, 10 OB EE ClE kit m
DFFEH S D TIE LW, (LFEEE B L Th@E55E
HBEIE T OLE R HERREITRIER60Gy/6 ~ TR TH 52, L
S L ORIBHHE T, BMBEEORMOLHIZAT)
v b a—RESHEE LTH, BERIEEOEFIINT A
AREFIEBE SO TIE R W,

L RBEHREE OB ERE T ARG A B &, IERBE
HBEE 2 IR E R RIS K & 05, [FREGEREET
TN X 2 ETHL AT RV,

2. EHEDOEMEBERROME

(LSBT Ak & ORI & O ERIR HEEGEER D 2
T FV) L ADIERS, VAT TF v w G UL EICR
FET UL, HEHR & LB ORI H T w
L. YRTTF AN EFEREHRIEE Okey drug TH D, 7T
FFEFNH DI FRY FIZHGHREE OFEHHTH L
EHEITL D 2EHTH A, FRPUER & OB BiftF
WELEOLNTWED, NI TFREELLET HEH
DA EDLRIIRABE SN TRV, FIIHFERRIZIE
EENVWLET, 1) /575 EORBHRTIE, ke
B EOIEMIFFLED T A 7 D& LD, bHETIE T A
Y ERSREOREBHFRHEESTH A,

E AT, LFRGHIEEDES BT 5 kL LT
WHREGEH T & 5 Amifostine (WR-2721) OFFHANER &
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DOSIMETRIC VERIFICATION AND EVALUATION OF SEGMENTAL MULTILEAF
COLLIMATOR (SMLC)-IMRT FOR QUALITY ASSURANCE
—THE FIRST REPORT: DOSE DISTRIBUTIONS—
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Abstract: Intensity-modulated radiation therapy (IMRT) was developed to irradiate the target are more
conformally, sparing organs at risk (OARs). Since the beams are sequentially delivered by many, small,
irregular, and off-center fields in IMRT, dosimetric quality assurance (QA) is an extremely important issue.
QA is performed by verification of both the dose distribution and doses at some arbitrary points. This paper
reports verification of dose distribution in our hospital for Segmental multileaf collimator (SMLC)-IMRT

The calculated dose distribution was compared with that acquired by film measurements. In film dosimetry,

we used two kinds of the radiographic film (Kodak X-OmatV and EDR2) and Tough Water (Kyoto Kagaku
Co. Ltd) as a water equivalent phantom and the dose distribution calculated of any plane by using a FOCUS
(CMS Co. Ltd) Radiation Treatment Planning System (RTP). In general, film dosimetry is a method for
obtaining the relative dose distribution, because the film sensitivity changes variably with the distribution of
photon energy corresponding to the field size and set-up depth of the film in a phantom.
We studied the physical characteristics and properties of these two different films. X-OmatV film showed
higher dose values as the irradiated volume increased in a phantom but EDR?2 film was seldom affected by
scattering volume. Therefore we decided to use EDR2 for verification of dose distributions for intensity-
modulated beams rather than X-OmatV.

The film method is not widely accepted for absolute dosimetry, but we thought that it might be able to be
used for absolute point-dose verification with EDR2. To verify three-dimensional (transverse, coronal, sagital)
dose distributions, some radiographic films put between layers of Tough Water were irradiated and the
corresponding calculated dose distributions were obtained with RTP with using CT images of the same phantom.
The two-set isodose curves on the dose distribution keep almost the same shape and they had good agreement
in high regions of the dose gradients. In low regions of the dose gradients of the phantom, the doses differences
were within about 3%.

This difference between the pdll‘ed set- dose profiles were about 20 cGy on and the deviation distance was
about 1.5 mm. The discrepancy in high regions of the dose gradients may be affected by the geometrical
accuracy of the ML.C leaves movements. If errors of MLC leaves position are about 1.5 mm, the according
output change is within about 10.1%. We supposed that dose distributions were not significantly influenced
by the deviation of output dueto the accuracy of the MLC leaves positions.

Key words: Intensity-modulated radiation therapy, Dosimetry, Quality assurance, Film dosimetry
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Patient

[ Phantom (Tough water, Rando Phantom) |

Phantom CT

‘ CT simulation } Re-planning i
IMRT beam |~
Import
Planning (FOCUS) Calculate dose Measured dose
distribution (FOCUS) | | distribution (phantom)
‘ Verifications
Yes

ML.C segmentation
(IM Fast)

RT implement
M2/6300 || Prim view with IM-Max |

Fig. 1 Flow chart of dosimetric verification Segmental mulileaf
collimator-IMRT.
Radiation treatment planning is performed by inverse planning
using the CT image of a patient with a FOCUS Radiation
Treatment Planning system (RTP). Intensity maps are
calculated from the RTP. These maps are imported to IM-
FAST™, segmented to many fields and monitor units
accordingly. The segments are export to the RTP and the dose
calculated.
The CT images of a water equivalent phantom (Tough Water
phantom) using quality assurance are transferred to the RTP.
The dose distribution (or dose) for the patient derived from
radiographic film (or ionization chamber)-exposed in Tough
Water phantoms to IMRT beams, is compared with the dose
distribution (or dose) for the same beams calculated at the same
position in the Tough Water phantoms in the RTP.
The verification is compared with the measured dose and the
calculated dose.
IMRT is implemented as results of the verifications of the
absolute dose and dose distribution.
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Hw, #WEsHE TV I X A3 Superpositioni: & FH L 7z,
BESHEAIE 77 v o LTHELREK7 7V b A
(Tough Water, FERFIFATE) AV, 7 4 VA 3HE
A% \:X-OmatV (Kodakft#) L EDR2 (Kodakt:#) % F
Wiz, 74 WVLRF v —IEVXR-16 (Vidar Systems
B L7 4 VAV 7 MERIT113 (versionl.3,
Radiological Imaging Technology#t ) %/ L7-. #ixd#x
EOREIITEMEZIonex Dose Master 2590B (NE
Technology#L %), BEHEFE IIParmerEI BHEFE (NE2581 0.6
cc, NE Technology#t#) & BHAER D/ S WEREE
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R L7z,

@ | (b)
(©)

Fig. 2 (a) Tumor and organs at risk (OARSs) of mesopharyngeal tumor.
Tumor is red, brain and submaxiilary salivary gland on the right are yellow, the submaxillary
salivary gland is blue and Planning Target Volume (PTV) is white.
The gantry angles of IMRT beams for five directions are 0, 72, 144, 216, and 288 degrees,

respectively.

Dose distributions (b) and dose volume histograms (c) for tumors and OARs were calculated

according to intensity maps.
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IMRTOBEETE
2-1. inverse planning
IMRT DG E iZBrahme?V il & » TRB S N7z
inverse planning % Fi V272,
T, FORELZER, PTVEOARIIH LEERE
(minimum dose) & F@E#RE (maximum dose) 3 & U'%
NENOFEEROES (F/-I3EZEE, importance
weight) AT 5. KICE— DM E 20 AFHE
HANTH, BRETAHHRESH L RELTHESND
BREAHOEBVERERE, KEHRELHFEFEOEE
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BHEL (teration) 479 . EEIL7 N T) XA
DLy 7OV sargm Yailb4Fy K
T2 Y TERB LY, FIT4 Y M= FEwL
EWNH A,

AEUER L7-RTPIZRYEL T 74 =¥ b —F &
ZERA L TWvW5., inverse planningD %, ZEH LOMKE
REDREL S MK 4 DY — L2 B1T bintensity map?®
e S N5, b & N /zintensity mapll 2D { —RN
F D=5 & Dose Volume Histogram (UL, DVH) %
WRAES 5. Fig. 202 HMHGERERE 120§ 5 WG HET B 2 7R
T, SMOIMRTE — ADREFBERI Y — L1 L5TER
N0, 72, 144, 2168 L U2BETHSH. ZDHEFICHE
V¥ % inverse planningtZ 3817 % 1t 44 (Dose constraints)
EPTVIZH LO.S cmDZRTEH % < — 3 ¥ SIS (PTV+0.5
cm) B LUGTVICH LE/MRE Gy, ZTAMEAGYE
ST —-VigEea Gy e L7z, 72, FHIIL03
em® ZRTCH 7 = — ¥ V4HI8, (Spinal cord+0.3 cm), /£
HOETHE L A TIRITRKHEE30 Gy, B L
TR ABRE4 Gy RE L7 (Table 1).

Table 1 Optimimal conditions in the inverse plan of the RTP (FOCUS).

Structure minimum dose  maximum dose goal dos important weight
PTV+0.5 cm 60 Gy 64 Gy 64 Gy 100
GTV 60 Gy 64 Gy 64 Gy 100
Spinal cord+0.3 cm - 30 Gy - 95
Lt. parotid gl. - 30 Gy - 80
Rt. parotid gl. - 30 Gy - 90
Rt. submandibular gl. - 30 Gy - 90
Patient - 40 Gy - 5

(2) | (b)
(c)

Fig. 3 Intensity maps were derived from RTPs (a) and IM-FAST™ (b). (c) is the deference between

(a) and (b).

The algorithms of IM-FAST™ were used optimal with a standard including correction of

fluence. Intensity level was 10.

- 137 -



SMLC-IMRTIZ BT 5 ER G L FMi—FE—% . MEDH— 93

2-2. MLC segmentation
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& ¥ 7-Intensity Map & segmentation% @ Intensity Map % L,
BLEBRDOREATL. 2-1L.OBKBICBITAEE
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Intensity leveli10% fiV:/z, @ TOTHVITY ALB LY
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3R HE+ F 8 13 Csegmentation A 2 D Intensity Map i D 4H
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3 IRENHDRE
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LTS, EBICHETA I L TTo 7.

T A NVLERAVZRTPEOER 7 7~ b AOCTHIR %
WCHEET 2., EBEORIIE7 A VA THETE ARG
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BLANVEF-HEMP L ETh, BEShsRENEL

Fig.4 (ab,c) The dose distributions and (d) dose volume histograms (DVH) of a mesopharyngeal
tumor treated by IMRT.
The dose distribution shows that the doses for the spinal cord and the salivary gland could be
decreased.

The index for implementation of IMRT at our hospital. The ratio of the dose at the 90% of the
DVH to the dose at 5% of the DVH of the PTV is less than 20%.
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Fig. 5 (a,b,c) The dose distributions and (d) dose volume histograms
(DVH) of a mesopharyngeal tumor treated by IMRT.
The dose distribution shows that the doses for the spinal cord
and the salivary gland could be decreased.
The index for implementation of IMRT at our hospital. The
ratio of the dose at the 90% of the DVH to the dose at 5% of the
DVH of the PTV is less than 20%.

Table 2 The doses derived from a PinPoint ionization chamber and radiographic films (X-OmatV
and EDR2) in irradiated 1 X1 cm? to 10X 10 cm? fields. The deviation is for the dose of
radiographic film (X-OmatV and EDR?2) to the PinPoint ionization chamber. The measurement

depth was the maximum depth (1.0 cm).

Side of PinPoint X-OmatV Dev. (%) EDR2 Dev. (%)
square field (cm) (cGy) (cGy) (X-OmatV) (cGy) (EDR2)

1 64.55 59.76 7.42 63.50 1.62

2 85.83 76.89 10.41 84.50 1.55

3 90.24 80.50 10.79 88.71 1.69

4 92.00 84.07 8.62 91.09 0.98

5 93.67 87.41 6.69 93.10 0.61

6 95.12 90.46 4.89 94.32 0.84

8 97.79 93.90 3.97 97.66 0.12

10 99.82 96.53 3.30 -0.03

99.85
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