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Abstract—Radiation complications are often related to the dose inhomogeneity (hot spot) in breast tissue treated
with conservative therapy, especially for large patients. The effect of photon energy on radiation dose distribution
is analyzed to provide guidelines for the selection of beam energy when tangential fields and limited slices are
used to treat women with large breasts. Forty-eight patients with chest wall separation > 22 cm were selected for
dosimetric analysis. We compared the maximum dose in the central axis (CAX) plane (2D) using 6-, 10-, and’
18-MV photon beams in all patients and 3D data set for 16 patients. Correlation between hot spot dose (HSD),
separation, breast cup size, breast volume, and body weight was derived with beam energy. Among the 48
patients in this study, HSD > 10% in the CAX plane was noted in 98%, 46%, and 4% of the population when
2D dosimetry was performed; however, with 3D study, it was in 50%, 19%, and 6% of the patients with 6-MV,
10-MV and 18-MV beams, respectively. The chest wall separation, body weight, and breast volume were
correlated with the HSD in both the 2D and 3D plans. Patient’s bra size was not correlated with the hot spot. The
chest wall separation was found to be the most important parameter to correlate with hot spot in tangential
breast treatment. Simple guidelines are provided for dose uniformity in breast with respect to chest wall

separation, body weight, bra size, and breast volume with tangential field irradiations.
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INTRODUCTION

Radiation dose distribution plays an important role in the
outcome analysis of the radiation treatment. However,
optimum dose distribution cannot be achieved in the
majority of the patients who are treated with breast
conservative therapy using three-dimensional (3D} plan-
ning with low-energy beams. Traditionally, low-energy
beams have been used for breast treatment to provide
adequate subcutaneous dose.! There is a growing trend
of obesity in affluent countries, including the United
States, which could impact the bieast patient population
- treated with tangential fields. Often, treatment planning
for breast cancer is performed on the central axis (CAX)
slice only. However, with the availability of computed
tomography (CT) simulation, more patients are being
planned with 3D data sets, where hot spots in the entire
breast tissue can be readily appreciated and an optimized
plan can be used for the treatment. Unfortunately, the hot
spot cannot be eliminated with simple wedge pair tangential
technique for breast treatment. Various techniques such
as field-within-a-field, multisegmented fields, and some
form of intensity-modulated beams have been developed
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to reduce hot spots and to provide a uniform dose to the
entire breast.’™ Intensity-modulated radiation therapy
(IMRT) for breast cancer has also been employed. How-
ever, for most clinicians, IMRT for breast is still a
debatable issue, due to the lack of suitable standardized
optimization software and unavailability of long-term
outcome data.

It is a known fact that dose uniformity in breast
tissue decreases, especially for large breasts. An analysis
of the frequency distributions of patients in the United
States from patterns-of-care studies (PCS),'° Japan, and
our institutions (Fig. 1) shows fewer Japanese patients
who have large breasts, which might impact the dosim-
etry of the tangential fields, compared to their United
States counterparts. The chest wall separation in the
Japanese patient population ranged from 14 to 27.5 cm,
with a median value of 18.7 cm (Fig. 1). Among Japa-
nese patients, 14% had large chest wall separation more
than 22 cm. On the other hand, the chest wall separation
in the United States patients’ population ranged from 13
to 35 cm, with a median value of 21 cm.!® A large subset
of the patients (40%) treated in the United States is
obese, with a chest wall separation in the range of 22-32
cm. The difference between the PCS and our patient
population is significant, which could be attributed to the
small pool size and the selection of patients in this study.
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Frequency distribution of breast patient
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Fig. 1. Frequency distribution of the patient population in our institution, United States, and J apan.

Among the various risk factors associated with poor
cosmetic result is breast size, which may indirectly be
related to the dose uniformity.'*2° Most radiation on-
cologists stifl favor low-energy photon bearns for breast
irradiation, although the rationale of such selection for
large breasts is not clearly understood. While dose rate
and dose uniformity seem to dictate the cosmetic out-
come, it is not clear if the underlying issue is related to
clinical or physical factors. Das et al?! reported that
chest wall separation is the single most important param-
eter that is strongly correlated with dose inhomogeneity
(hot spot) in tangential breast irradiation. Based on the
hot spot criterion,?! the patients with chest wall separa-
tion of more than 22 cm could benefit from treatment
using high-energy photon beams degraded with a beam
spoiler, to achieve good dose distribution in subcutane-
ous tissue and to reduce hot spots.??

In this study, we investigated the influence of high-
energy photon beams on single slice (2D) and multi-slice
3D dose distribution of large-breasted (large chest wall
separation) patients who are treated with conservative
therapy. Selection of beam energy, in terms of hot spot
and various physical parameters, is also presented.

METHODS AND MATERIALS

The chest wall separation was defined as the dis-

tance between the midline of the anterior chest wall and

the point that was 2 cm below the palpable breast in the
CAX plane.*"*® We reviewed the breast patient popula-
tion with respect to chest wall separation in Japan and the
published data from PCS in the United States’® for
frequency distribution, as shown in Fig. 1. Forty-eight

patients with chest wall separation greater than 22 cm in
this study were selected from a Unites States population.
We measured the chest wall separation in each patient
manually or using the CT image in the CAX plane. This
data is taken as a sample representation of the population
of the breast treatment in Japan and the United States.
This study was perfonned'retrospectively without
compromising confidentiality of the patients and hence
institutional review board approval was not deemed nec-
essary. All patients were referred for whole breast radi-
ation treatment after breast-conserving surgery. In 32
patients, calculation of dose distribution was performed
using the CAX plane alone (2D), and in another 16
patients, calculation of dose distribution was performed
using multi-slices (3D) using ROCS treatment planning
system (San Diego, CA). Patients were immobilized
using Alpha-Cradle and positioned supine with shoulders
and elbows flexed and arm overhead. Using a CT simu-
lator, patients were simulated on an inclined board. For
2D patient study, the simulation was performed on a
conventional simulator. For 3D study, patients were
aligned and positioned to fit through the CT aperture.
The chest was carefully palpated to define the borders of
the breast, which were marked with thin lead wires.
Patients were scanned with 3-mm slice width and 3-mm
step size for better digitally-reconstructed radiographs.
Each study was transferred to the VoxelQ processor for
virtual simulation. A clinical target volume (CTV) was
defined on each slice to cover the breast tissue ade-
quately, and the outer contour of CTV was placed on the
breast surface. Calculation of breast volume was based
on the contours of CTV. Lung volume was also delin-
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eated on each slice. The medial border of the radiation
field was at the midline of the anterior chest wall, and
the lateral border was 2 cm beyond the palpable breast.
The upper border was 2 cm beyond the cephalic extent of
the palpable breast, and the lower border was 2 cm below
the inframammary fold. Medial and lateral tangential
fields were set'up such that both covered the breast tissue
adequately with 2-3 cm of lung tissue.

The posterior beam edge was made coplanar and
nondivergent. The reference point of prescribed dose was
defined to a point 1.5 cm above the posterior beam edge
as described by Das et al*! Treatment planning was
performed to give uniform dose distribution with proper
wedge and beam weights for all patients. We compared
the maximum dose in the CAX slice using 6-, 10-, and
18-MV photon beams in all 48 patients. ICRU-50%* has
defined hot spot dose (HSD) and maximum dose; how-
ever, clinically accepted hot spot® area is 2 cm?, which
is used in this study. We analyzed the correlation be-
tween hot spot in the CAX plane and such clinical factors
as body weight and preoperative bra size, which were
gathered from the patient’s chart. For the 16 patients with
3D breast planning, we compared the maximum dose in
the CAX plane with those in other calculation planes
(off-axis 43 cm, +6 cm, +9 cm; cephalus, —3 cm, —6 cm,
—9 cm; caudal) with inhomogeneity correction using 6-,
10-, and 18-MV photon beams. We also analyzed the
correlation between the maximum dose in multi-slices
with various parameters found in the chart such as body
weight, preoperative bra size, and breast volume.
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RESULTS

2D analysis
Figure 2 shows the hot spot data for a single slice
study for 3 energies. Using a 6-MV photon beam, a
maximum dose in the CAX plane of more than 10% of
the prescribed dose was observed in 98% (47 of 48) of
patients. With 10-MV photon beams, it was found in
46% (22 of 48) of patients. When using 18-MV photon
beams, it was found only in 4% (2 of 48) of patients.
. Thus, chest wall separation was strongly correlated with
maximum dose in the CAX plane, as shown also by Das
et al?' The HSD was given a functional form with
respect to chest wall separation (S).

HSD = oS+ B )

The a and § are fitted parameters that are shown in Fig. 2
and are noted to be 1.56, 0.99, 0.62, and 78.5%, 84.7%,
and 91.4% for the 6-, 10-, and 18-MV beams, respec-
tively. This correlation can be used to predict the HSD'in
2D planning. It is shown that & 5% dose uniformity in
breast tissue is hard to achieve with tangential field. The
line at the 15% hot spot is drawn to show the choice of
energy where such criterion cannot be met.

Body weight of the patient population ranged from
63 to 136 kg, and preoperative bra size ranged from 34B
to 41DDD/46D. Body weight was slightly correlated
with maximum dose in the CAX plane for all photon
energies (Fig. 3). Similar to Eq. (1), HSD can be corre-
lated with body weight withi parameters as noted in Fig. 3

Chestwall separation vs hot spot

140

135 - < 6MV o

O oMV o
A 18MV 6§ MV
130 - y=1.5602x + 78.473
2= 0.5747
£ 125
2
8 o 10 MV
= 120 N
2 y=0.6915x + 84.665
) 7 =0.504
115 ° A
/ y50.6148x + 91,444
r =0.3255
110 4 A 18 MV
105 -
A
100 ; . , . : . ' . , :
20 24 26 28 30 32 34

Chestwall Separation (cm)

Fig. 2. The maximum HSD (%) at central axis slice vs. chest wall separation with various photon

energies. Regression coefficients are also shown.
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with various photon energies and related regressions are shown.

for 6-, 10-, and 18-MV beams, with relatively poor
regression coefficient > 0.24, 0.47, and 0.33, respec-
tively. These fitted parameters shown in Figs. 2 and 3 are
dependent on the accuracy of dose calculation, which
varies significantly among various treatment planning

fitted parameters should be used with caution due to the
variability of dose algorithm among the different plan-
ning systems. Preoperative bra cup size was not corre- °
lated with HSD at the CAX plane using 6-, 10-, or
18-MV photon beams, as shown in Fig. 4, with regres-

systems, as noted by Cheng et al.

140

126

The present data and

sion coefficients (%) of 0.05, 0.07, and 0.1, for the 6-,

Cup size vs hot spot

& MV
O oMV
135 - o
A 18MV o
130 -
P .
S o 6 MV
o & Lo o]
8 © )4 g 7 =0.0532
T 120 - S
8 o 3 o 0
& > S
o < l<]> o
[=3
115 g a A 10MV
3 . 0 ? =,
2 % 8. £ =0.0696
110 - A o
18 MV
s ‘ A * =0.0993
105 - A ]
o A
a
100 i T (— I T
B C D DD DDD
Bra Cup Size
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Breast Volume vs Hot spot
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Fi'g_. 5. The maximum HSD (%) vs. breast volume when 3D dose distﬁbuﬁon is performed. Note that
hot spot reduces with beam energy but increases linearly with breast volume.

10-, and 18-MV x-ray beams, respectively. It is obvious
that bra size is a poor measure of the breast parameter
and should not be used for quantitative dosimetry and
outcome analysis. Although breast volume (breast size)
is independent of the chest wall separation, a good cor-
relation was observed in this study. The breast volume
was also correlated with the HSD, as shown in Fig. 5, but
with relatively weaker 2.

3D analysis
Evaluation of dose distribution using 3D data set
was accomplished in a limited set (16) of patients. The

calculated breast volume ranged. from 793 cm? to 3221
cm?, and the median volume was 1423 cm? in the 3D
study, as shown in Table 1. Even though a limited set of
slices could provide a general dose distribution, as sug-
gested by Cheng et al,?” full CT data was used in this
study to evaluate the global hot spot with proper inho-
mogeneity correction.

The correlation between the maximum HSD in 3D
between chest wall, body weight, and breast volume was
similar to the 2D results, except that the magnitude of the
hot spots was higher. This is shown in Fig. 6 with respect
to the chest wall separation. The error bar represents the

Table 1. Characteristics of patients for 3D dose calculation

Difference in HSD in 3D Breast to CAX (%)

Chest Wall Body Bra Cup Breast

Separation (cm) Weight (kg) Size Volume (cm®) 6 MV 10 MV 18 MV
32.0 106 DDD 3050 6 4 3
240 105 DD 3221 3 3 2
244 89 DD- 1706 10 7 7
275 107 D 1454 9 8 7
224 72 D 970 4 7 5
24.7 80 B 835 9 8 4
234 72 D 1511 10 9 7 -
22,6 63 D 1113 10 7 6
245 81 D 1450 7 6 7
22.0 77 D 1423 14 10 7
25.0- 84 D 1685 10 8 7
23.4 67 D 793 . 9 8 5
249 87 D 1490 12 11 10
22.3 78 B 793 17 9 7
25.1- 88 D 1174 - 11 - 12 8
25.5 91 D 1184 5 1 1
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Fig. 6. Plot of HSD vs. chest wall separation when 3D (multi-stice) dose calculation is performed.
The error bar indicates the differences in global hot spots to the central axis hot spot for various
energies. The fitted parameters and regression coefficients are also noted.

difference in the global hot spot for 3D calculation.
Using 6-MV photon beams, the maximum dose (> 10%)
in multi-slice calculation was noted in 50% of the pa-
tients (Table 1). However, using 10- and 18-MV beams,
HSD > 10% was found in only in 19% (3 patients) and
6%, (1 patient), respectively, when 3D multi-slice plan-
ning was used. The difference between the maximum
dose in the multi-slice planning and that in the 2D
planning calculation was not dependent on the chest wall
. separation, body weight, and preoperative bra cup size
and breast volume as shown in Table 1: When 3D data
was used, the dose inhomogeneity for 6-MV beam was
much greater than that for the 10- and 18-MV photon
beams, as noted in Fig. 6. Using 6-MV beams, the
maximum dose was seen in the —9 cm or —6 cm plane
cranial to the central in 81% (13 of 16) patients. How-

ever, with 10- and 18-MV beams, the HSD were seen in

the —9-cm or —6-cm plane in 15 patients.

DISCUSSION

Dose uniformity in the target volume is greatly
desired within = 5%. However, with low-energy beams
and wide separation of chest wall, often variation up to
15% is clinically tolerated in breast treatment. Dose inho-
mogeneity in breast tissue has been atiributed to the lung
correction, size of the breast, and beam energy.l&"”’28 Neal
et al*® reported the positive correlation for breast dose
inhomogeneity vs. bra cup size, breast area, and chest

.wall separation. Incidentally, when women with large
breasts are planned and treated, high-energy beam is

needed (Figs. 2-4). In our experience, bra cup size was
not correlated with hot spots. On the other hand, body
weight and breast volume had a weak correlation with
dose inhomogeneity, given that we selected patients with
large breasts who had chest wall separation of more than
22 cm in this study. The chest wall separation, which is
easily acquired for treatment planning, was found to be
the most important factor for estimation of dose unifor-
mity in breast treatment.

- At some institutions, patients with large breasts are
treated with high-energy photon beams to achieve good
dose distribution. However, high-energy photon beams
reduce the subcutaneous dose because of the buildup
phenomenon. Using 3D planning with varying photon
energies, Solin et al.3® demonstrated that the use of
Cobalt-60 (®°Co) was associated with an increase in the
magnitude and volume of hot spots, and high-energy
photons, such as 10- and 15-MV, were associated with

“less acceptable target coverage at shallow depths. A
Lucite beam spoiler or bolus can overcome the effects of
skin sparing of high-energy photon beam.??>?! Wertheim
et al.* evaluated 1000 mastectomy specimens histolog-
ically, and reported that the incidence of skin involve-
ment was uncommon in patients with early breast cancer.
Also, Monson et al.! reported that machine energy less
than 8 MV did not significantly affect treatment out-
come, such as skin and breast recurrences, without bolus
and beam spoiler. They reported skin failures represented
less than 1% of failures in each energy, which included
4-, 6-, and 8-MV photon beams. In our institution, high-
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energy photon beam with beam spoiler does not seem to
lead to high frequency of local recurrence after breast
conservative therapy.

Das et al.! reported that the HSD ranged between
115% and 125% depending on the treatment protocol
and breast size, and only 57% of the patient population
had hot spots of less than 10% on the central axis plane

using 6-MV photon beam. Buchholz et al.*® studied the

dose inhomogeneity of off-axis planes for breast cancer,
and suggested that in women with large breasts, a sig-
nificant volume of breast tissue receives both a daily
fractionated dose and a total dose of 10% or greater than
the prescription dose. It was also noted that the greatest
dose inhomogeneity occurred in the lower anatomical
quadrants of the breast. Incidentally, our data showed
that the greatest dose inhomogeneity was observed in the
upper anatomical quadrants, where separation could be
significant. The patients in our study were selectively cho-
sen to have large breasts (S > 22 cm), which might have
contributed to this difference. With the availability of 3D
data sets from CT simulation, such issues are insignificant,
because off-axis dose inhomogeneity should be considered
in the planning of tumor bed with proper lung correction.
Although this study does not provide clinical data for
cosmesis or outcome, hot spots play an important role
* and should be avoided. The radiation outcome could also
be dependent on the difference normalization points (do-
simetry), fraction size, duration of treatment, the boost
technique, surgical techniques, and chemotherapy.

Various studies?’>* have analyzed the number of
CT slices for breast planning; however, a 3D study
provides a comprehensive data set to allow determina-
tion of global maximum and accurate inhomogeneity
correction, as noted by Chin et al®® The role of 3D
_ treatment planning for breast cancer has become impor-
_ tant with the availability of CT data. A single slice (2D)
approach for breast planning does not provide adequate
knowledge of hot and cold spots, even though limited
slices analysis has been suggested.”” The data presented
here could be used to estimate ‘the expected HSD in a
central axis slice with various parameters, which may
lead to better decision making, either by changing the
technique, as suggested by various groups, from supine
to prone treatment,>>>® or by increasing the beam en-
ergy. More refined treatment techniques such as the use
of proton beams, IMRT, and segmented therapy with low
energy” have been proposed.>>6-339-45 However, for
most clinics, such options are not available, and the
simple 2D technique is still prevalent.

CONCLUSIONS

A correlation between chest wall separation and
HSD (dose heterogeneity) is presented for various photon
energies in simple tangential breast treatment (Fig. 2). This

_correlation provides an easy estimate in selecting beam
energy where high-energy photon beams may be useful
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to achieve good 2D and 3D dose distribution in patients
with large breasts. For an acceptable hot spot of 15%
in breast tissue, a chest wall separation > 22 cm may
require energy higher than 6 MV and for chest wall
separation > 28 cm, beam energy higher than 10 MV is
needed (Figs. 2 and 3). For the Japanese population, our
results show that low-energy beam could still be used for
the majority of the patients. Body weight could be a
surrogate for the breast size and chest wall separation,
which is correlated with the hot spot and beam energy
(Fig. 3). Bra size is not correlated with the hot spot and
beam energy. A direct relationship is also provided when
breast volume is available and maximum dose in breast
with respect to beam energy is needed (Fig. 5). To
appreciate the magnitude of the hot spot in the entire
breast, single-slice approach should be avoided and a
3D dose distribution should be performed to appreci-
ate the dose to the tumor bed and the degree of dose
inhomogeneity.
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Abstract: Purpose: To examine the methods of radiation treatment planning for gastric lymphoma,
Materials and Methods: Twenty-six patients who underwent radiotherapy for gastric lymphoma between
February 2000 and April 2005 were included in the study. Radiation doses were 30—40.5 Gy (median: 30)
with a daily fraction size of 1.5 Gy. We considered that the volume irradiated with 20 Gy or more in the
bilateral kidneys (K-V20) may be reduced to 50% or less. Anteﬁor—posterior/posterior-antenor parallel-opposed
fields (AP/PA) were compared retrospectively with the 4-field technique in 12 patients whose simulation data
could be reconstructed in the radiation treatment planning system.

Results: Twenty-four patients were treated with AP/PA, one patient with 4-field and one patient with 3-field.
The predefined rules in margin-setting were not observed in 7 patients (27%) to reduce the irradiated volume
of the kidney. Twenty-two patients achieved complete remission, and the overall 2-year survival rate was
95%. No late adverse events were seen. Our retrospective comparison of AP/PA with the 4-field technique in -
the radiation planning system indicated that K~V20 became more than 50% in 4 patients treated with AP/PA,
but in none of those treated with the 4-field technique. In all 8 patients with K-V20 of less than 50% with AP/
PA, the candal side of the stomach was located above the mid-slice of the left kidney on abdominal CT.
Conclusion: The outcome of gastric lymphoma after radiotherapy is excellent. When the position of the stomach
is low relative to that of the left kidney, the 3D-based 4-field technique may allow realization of optimal
radiation therapy ensuring sufficient margins of the target and increased safety for the kidney.

Key words: Gastric Lymphoma, Radiation therapy, Toxicity

Z 5 HIo B LBHAFTENR TR T -9,

BREY VN ER, BBEERRERY VEOFTRD
BEFEEFIEY. ABREOL I, WbWBMALT
(mucosa associated lymphoid tissue) U ¥/%E, b L&
diffuse large B-cell lymphoma (DLBCL) T& Y, #BEDH
EIIBITHIMEOREEER, ZIZEETHALY D, KE
ﬁ&UVﬂE@é%MﬂEUVﬂE&W'%EﬁEU/N
JEC#ADLBCLTIY, 2o miaEBmTE bRb, —i
CIRBHREY Y EIET A BEICB VT, (LERE
EBETRRE RSO 2 RE R Ho TS, RRHE
BERMALTY Y NEICBWTiX, BEEEE L TFEF?T
bRTEKY . L& L, Helicobacter pylori®BHIC & 160
~90%@ﬁﬂ'€m§%ﬁ¥%ﬁ%h% EVHES N, K
EEICRE-KREEEIMTONE L) otz Fi,
BEHRARIC L 2BV EESHR LRI FE SN, K
BESE, L EIFEREAICBVTIE, BEHRRENE
SHREEEFE O 1 0L %o T\w5, DLBCLIZH LTS,
LEERER L BSTHRARIC L 2 RENEEISSEALNT
By, BF2EREIRESN TR0, BEE) VUE
CxT A EETE, BEDLIS, B @ﬁ%ﬂ‘ﬁ?"ﬁ%@%%

L—% & B CIBEREE 217 ) B8 2 F'i,.\ﬁﬁfﬁi &
LTHBwONTE, ZOBE, BOMBEFHAERAZL
R, WHREBERE2EETL L, BHECELETBHE
PUTID B 7o DIC i3T5 R BB v — I v 2013 5 2 b8
DETHEY, BENOREZEETA L, T2 BHT
X—TVrRLBIEPEETHELELITLISERT
5. SEbhbiiL, BECToHBERY v BT
HIRBHBSREECBI 2BEREERETTAEED
2, TV VORYFRY RS OBGE ROICRE
BrERE L.

WREFE
LRI BT, 2000462 A5 520054 4 A 3 CICRBH
BEERME) VB LBSTRIEER 21T o 722601 %348
& L7z (Table 1). Lugano staging system for gastrointestinal
lymphomas'® [ZETWTRESERTo %2, 7HICIE, &

" WE L L TCHOP#E . (cyclophosphamide, doxorubicin,

2 3~6¥A4 7NV (hIHE:6)

vincristine, predonisone) %

Tol>. BETEBRIIOMVOBSEXELY AV, 1EE
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Table 1 Patients background

Table 2 Fields and 2-cm margin observation

Age 45-80 (median: 69)
Gender ' ‘
male 16
Female 10
Stage
I 21
m : ) 5
Histology
- MALT lymphoma 20
' DLBCL '3
- MALT with DLBCL 3
Chemotherapy o .
‘ CHOP . 7

. MALT: mucosa associated lymphoid tissue
DLBCL: diffuse large B-cell lymphoma
CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone

1.5 Gy THREE30~40.5 Gy (Fh3fE30) 2B 5 HNE
EHEEICTRS Lz, MALTY ¥ /SIETI30 Gy E T,

DLBCL T30 Gy % Bst L%, BHFL2HNLTEAEES
405Gy S THRE L7z, BHEHEFREICBWTIE, ZHEORE
T200W,/ V% DWED/NY 7 5 %50 mIBERRL, B8
T THESNZELE, BIUVEKLEY Y g2 B
FZERFOCTV (clinical target volume) & L, FHRERBE) %
DBk U7zITV (internal target volume) 12, #5122 cm®
=V MFMULAdD%EPTV (planning target volume) &
L7z, f/NBEEFICBWTIE, b3 E Ogross tumor
volume \C IR AR EY 2 Nk L 2 TIVICEIZ2 e E D < —

VryafimLizbQEPTVE Lz, BEFHMEAE, 08

EOFEFLR, DLLRPLEHEDZEY-LDKHEL
2. WETICBWT, 20 Gy LB S 6HKOHE
(K-V20) #%50% %8B 2WEHIZL, FicBWwTi, 20
Gy LA BET S NB R OEE (L-v20) , 30GyLl LA
FEINBEEOEE (L-V30) IFNFNR6T%, 50% %8
RABVEHCEER LAY 0.2 | ZEFIZBWTREBRE
—PREDEATKEH, BIUBEROBEEELHE
L, $DREVEL ZOEFOFFREBE L L2, 2D
GRETERST 2720, BHEHDZVIZEBENICERELT
LIl BUERGRERECERE/ELL, 559
BREEICEBEE ARV b Lz2EFEE%Kaplan-
MeieriEZ BWCTEH L7, EHICIZStatView version 5.0
(SAS Institute Inc., KE) #F\i-. ZLEEFELNT:
EFDY L, BUBRENMHEALZDD, BIUERZLE
BHIC BV TRERERENBER L DEZEFROBHKE
EEL. o
RIC3RITHRFEFTEIT bR 126Ic BT, §idH
1 FRSHE L A 4 FIRSNE 2 CTIRESIEREB LTy
Jab-varvl, MEOKEETo7. ZOBRCTVICT
EBEOBEEEL, CTVIC 2cmD<—I VML, &
LIMRERE E LTERFMIE lan2/AMLAb 0%

Applied fields. Observed Not observed Total
APPA 18 6 24
4 fields 0 1 1
3 fields 1 0 1
Total 19 ' 7 26

AP/PA: anterior-posterior/posterior-anterior parallel-opposed fields

PTVE L7z, mifkadim 2 FIRRATE, Aifiih 4 FIRSTE,
WTFRIZBWTHZ Y -2 0BERSIINEL L. B
MEIZ30Gy /20 & L, K-V20B X UL-V20, L-V30%2 &
HL7%Z. CTERAI A4 AE 2mmd 5\ id 5mm%z BWTIE
WP IR TS HRR L7z, AR EIZE B X Cadplan version
6.4.7 (Varian Medical Systems, KE) 3 X U'Eclipse version
6.5 (Varian Medical Systems, KE]) % Fv:7z. BI#E
FIRESTEE, MIREANMRETECBITAK-V20, L-V20,
L-V302EH LEB Lz, HErFNBREICIEStatView
version 5.0 (SAS institute Inc., 2E) 12 TStudentDUEE %
Az,

g %

1. 226fI0RREKIE

265IF24BIC, 312 FIBSAMTO N, 72 161453
FIRRST, 1824 FIBECH oz, £EFR 76 (27%)
ZBWT2emD =TV VU EMNINTE LD o7 (Table?2) .
ZDTBIFSFUBNT, EBIAET LY BEHFICAS
BRPG Dol BOWRMBENIF4.0~07 cm (FFR1E
2) Tholz, K-V20I50%ZHALPITBI TV L BbR
DN, 1BI0ATH o7, 268152260 (85%) 12, &
HRTROHE CELEENE LN/, 28085 ER,
2B BENRHERETH o7, SEFICBVT, &8
BEHHPCEBLAEERR AN d o/, 24844
FR295% (95%EEXM : 85~100) Tho7z, EBF2
PR OBREZRD, 28 dFRrIfTbii, 551
PR ZDROZEBHFAH, b 14 1 F£HITRHEEL
7z, '

2. AIEENIE 2 PIRBSHE &R AR 4 PIBSHED S
BRI 2 PIRRATE, BIBAER 4 FIRSE (Fg1) «©
BIFBAK-V20id, 2h#N13~92% (FEHELSD ;
40.9427.0) , 1~24% (FHELSD : 7.74677) TH Y,
BEEAMBEECBVWTHEIRET L (<0.001) . B
BT 2 FBSNEICBWTIE, 12617 4 §ITK-V202550%
BEEizois, iR 4 FBESEICBN T, 26T
K-V202550% R & 2 o 7z, BB 2 PIRETEE, BIRE
%4 FIBEREICBY AL-V20I}, ThZhI1~47% (FH
fE£SD © 22.2499) , 6~52% (FIMELSD : 26.5+119) T



BEEEY Y REBICBIT R FEORE 137

by, HHEL 4 ARHECSVTARCERL.
(p=0.03) 7%, BiREH 4 FRBRFEICBITEL-V200F T

67T% 2 BRHDDIZRLNEI o7, BETHE 2 FEE .

%, BIBES 4 FRIRICBITAL-V301, FhEFho~
12% (FHMELSD © 5.743.4) , 3~17% (EHELSD :
9.3+4.4) ThHY, WMEESL 4 FRECBWTERICLERE
L7z (p=0.002) %%, BI##/EA 4 FIBESHEICBITAL-V200
BT, 50%%2B25bDIRbNEP o7 (Table3) . &
3 2 FUREHEIZ TK-V200550% R TH o 72 8 BliE,
BEAECTICBIT 2 EORRBEANA T A ALEF TR
HbEBFORIE YEETH o 7208, K-V20250% L ET
Holz 4BIF 3 MTERICAE LW (Fig.2) .

z B

BEHERRBMRY ¥ MBI DGR, BIF
RERBEITE ENTBY, bRLDONOERSHEROR

ELERICEIFCH o199 - ¥, BEHHPCEER
SHEREL TV R/,

ZDBREFETIE, KOZODEE2HLTIENEETDH
3. FRIENERETH L FHTOREERRET A
ZE, VAVEBNOBREIHASELZBA VI T
52 & THAH. Ishikurabid, BEREDLBCLICH 3 51L&
BEHREEICE T 4 5 2 HEERIC B W CRIEN A 2 PIRST
EERBRALTWEY, ZTORRIIBNT, BNOREERZY
O b I VEEENT T 5720, 39%0EAT, Bl
BRIy 2 BEH v — Y VICB L CRESESF S LR
ol b BELTVAED . bRbRORETY, RelE
BET AT EL =V v 2T a2 b o ki
BBS o TRST b, &9 LMBEICHET 57
B, 3RTERETEICES W SFABGEMER I ATY
%, Bianciab iX, BiEATE 2 FIEBSHRICBITAPTVAIKCE

CHABHE, WEEL4FBREZECEILT, BAO

TR EERELELEOBEFERTELLHEL
TV32 . bhbh T EEEHEEE L TfT o /oretrospective
ZRENCBWT S, R 2 FRENETIXL3 DERAT
K-V202550% Lk & %2 o 7238, B4 4 FIBBETE T,
EBICK-V205550% KRG L o THBY, B DOHELER
THFRERELT, HBEA4FRNEIERTHIEEL
5. : ~
LAL%dS, fiER4FRFECREHSRAFD
BFRPERT DL WIREPH L. BERBOMALT Y VX

Table 3 Retrospective comparison of AP/PA and 4 fields in 12
patients on the radiation treatment planning system

Case AP/PA 4 fields
K-V20 L-V20 L-V30 K-V20 L-V20 L-V30
1 15 27 4 7 33 7
2 37 28 12 14 36 17
3 57 17 6 12 21 .9
4 13 28 6 7 33 12
5 48 17 5 24 25 13
6 86 11 1 5 15 4
7 34 19 9 1 6 14
8 20 11 3 4 15
9 22 47 7 1 52 . 3
10 52 24 9 5 29 13
11 92 23 0 11, 28 . 7
12 15 15 6 1 25 7

AP/PA: anterior-posterior/posterior-anterior parallel-opposed fields
4—fields: anterior-posterior/posterior-anterior/left-right/right-left fields
K-V20: rate of volume irradiated with 20 Gy or more in the kidneys (%)
L-V20: rate of volume irradiated with 20 Gy or more in the liver (%)
L-V30: rate of volume irradiated with 30 Gy or more in the liver(%)
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Fig.2  Examples of the positions of the stomach and the risk organs.

- Stomach

. Liver

A: The caudal side of the stomach was located above the mid-slice of the left kidney.‘ Al B
B: The caudal side of the stomach was located below the mid-slice of the left kidney.

BISH¥ 2BEREL LT, 30 GyREN—BINTS
D4 .12 -9 DIBCLOBAIE, BLM4I230 GyRRED B
4T 272881210 GyRE DboostBE SN L HNBD .9
A DERD DL, HHBES 4 FIREER B TELEA
0GYREDRFZT-TH, FORNSEIHESE
CBRAAREERENEE L -,

Biancia 5% &, B &EOMEBRRIBHEELBRT 25
RAEBOTEETHS LBETWRD | fe i, BegH
RBAATES b2 VEA AT 2 FImBEHE» 458
L, EhPA DG E iR e NP B E 2 R <E©
HHLLTVAY . ZOP4, BiETH 2 M ECEE
SNBEFIIT—WIEOLNBZ L1225, bhbho
BERERG LI, CTEOBORBADI 7 4 A EHFES
DFERE D SBERCHEET L, B2 FBEET Y
REHERIITRBTREMEAD Y, Bt 2 FEREHED
BHRAT LB L EIRBARTELR b A VSAIES
LREZCEBRDIE, BELNDNOBETHE, FT
@%%@%%ﬁmzﬁ%%&,EIWﬁ%EE4H%%$
D3 RTEHFETEEER L, BHOK-v20, L-V20, L-V30
THBLT, EBT) BE AR REL WS,

RIS 2 BT ERMICY, S SEhFErgas
NTW5, Tsangb? i3, B OEE % 51185 2 FiREHE
T, RAEEARH 2 FIBSHECRET 5 HE2EE LT
BY, TNICEYYRIBETH DS L UB~DRBEHS
ExBRTEBLLTwED

BED LD, BEBY VI EICHT 5 Bolk BR S
HELLTeRWw. LrL, 3 REREETEEEOSEI
£Y, STEELFESETTERLZoTVS, 478, B
2BFRICLY, BEMY VBT 2 RS R RO
BFEENE,

=W

AREMEY VSIS BT 5 MR R ER ORI BFC
Holz. B OEFITIX, M2 FRAEC & 255
DHEETH - 120, BRAOBELEZEL, &1 O
TRNE Y-V Y OBERLSMBHEL LOTREBET
Dol BOMBIEBICH LA ICE , BRI
FIRSESEECTH 284, 3 RTHRESE WES -8
BREAAFIBSELZREVAZ LT, +oov—Y v 2 5L
20, BNOGHELEME 2 VIEES T2 2 WEeEAS
REENT-.
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Background: We evaluated the efficacy of our quality assurance {QA) program of radiation

thersipy (RT) in a prospective phasa |l study. This is the first description of the experiencse of -
~ the Japan Radiation Oncology Group (JAROGY with this program. - e

Methods: Clinical records, all diagnostic radiological filme or color photos that depicted the

extent of disease of 37 patients with stage IEA extranodal marginal zone B-cell lymphoma, of
mucosa-associated lymphoid tissue (MALT lymphoma) were tollected for raview. Radiation
therapy charts, simulation films or digitally reconstructed radiographs, portal films and

“isodose distributions at the central axis plan were also reviewed. All documents wera digitally
processed, mounted on Microsoft PowsrPoint, and for security returned from researchers by

 mail in CO-ROM format. The QA committee mermbers reviewed all docurnents centrally, utiliz-

" ing the slide show funictionality.

Results: All patients were prescr

bad their;speciﬁed'dt:se to the dose spéciﬁcation point in

sccordance with the protocol. Three patienis were regarded as deviations, because of 2

smaller margin than that specified in the protocol {r1= 2) or & prolonged overall treatment

time (n+= 1). No violgtions were chserved in this study. o , ‘

Conclusions: This is the first report with regard fo the QA program in MALT lymphoma. We
 dermonstrated that our QA program was simple and inexpensive. We also confirmed that the |

radiation oncologists in Japan adhered closely to the protocol guidelines. -

- Key words: JL‘M.LT ly}nplzoma - guality as.swakce - A pédgmm — radietion therapy

-

INTRODUCTION ,
1t has been estimated that about 170 thousand cancer patients
will be treated with radiation therapy (RT) either as part of

- theit primary treatment or in connection with tecurrences ot
palligtion in 2005 in Yapan (1). It is anticipated that RT will
play an increasingly important role because of the .
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improvements of early detection of and sereening for cancer.
Furtherinore, other factors will also prompt the use of RT:
the trend toward less drastic organ-conserving surgery com-
bined with adjuvant RT; the improvement in identification of
patients with high risk of developing loco-regional recur-.
tences following surgery; and-the aging population of Japan. -
It is undeniable that the deleterious consequences of poor
quality tregtment contributes not only to the rise of compli-
cations but also to detérioration of outdomes. They also lead
+o both an increase in health care costs and a dectease in the -
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. quality of life. Thus, it hus long been recognized that quality
assurance (QA) in RT ig vital to gilarantee provision of safe
and effeetive treatments (2—12). N

" The Radiation Therapy Oncology Group (RTOG) and

European Qrganisation for Research und Treatment of Cancer

(EQRTC) are the two largest working organizations present-
ing the models for the application of valid QA procedures in
radiation oncology trials, Both organizations have funding for

centralized data collection, inter-institutional dosimetry pro- ~

grams and regular site visits, utilizing medical, dosimetric
and physics staff. For the data to be useful with regard to RT,
a ngorous review process must be implemented to document
the radiation used, volume irradiated, fraction size and dose
delivered to coniply with the designated therapeutic protocol.
This is the most accurate way to confirm the uniformity of the
treatrent and usefulness of the eutcome data.

The Japan Radiation Oncology Group (JAROG) con-
ducted a QA program to guarantee the treatment guality of
RT in a phase IT study, This study evaluated the efficacy and
toxicity of moderate dose RT for patients with extranodal
marginal zone B-cell lymphoma of mucosa-associated lym-
phoid tissue (MALT lymphoma). In pursuing the project, the.
JAROG were ficed with a difficult situation in order to
engure that the clinical and technical ¢ompliance to the
specified protocol was sﬂ;sfactory, without having the finan-

elal, structural or personnel resources o conduct a compres

hensive clinieal QA program, Thus, we developed a simple
and less expensive computer based method to eas:ly e.xecute‘
our QA Program.

" Qur QA program was based on a central radxatxon oncolo-
gical review of all patients’ diagnostic imaging, color phote-
graphs and clinical findings, Additionally, an individual RT
prescription for every patient was provided. All of these
documents were digitally processed, and were mailed to

researchers in CD-ROM format. The purpose of the present -

study was to assess the feasibility of such a procedure in
multicenter trials and its impact on the definition of the

extent of disease and patients treatment among Japanese .

radiation oncologxsts Thig is the first report descnbmg the
QA program in MALT lymphoma.

METHODS
STuny DE-SIGN

From Apnl 2002 to November 2004, 37 eligible patients
with stage IEA MALT lymphoms raceived RT. The protocol
. specified three different total doses of RT, which were
dependent on the tumor Jocation: and its maxitum diamater,
Patients ‘with orbital disease or those who had minimal
residual disease after surgical remaval received 30.6 Gy.
Patients with tumors that were less than 6 cm received RT
~ with 36 Gy, and those with > 6 em of disease were treated
with 39.6 Gy. A fraction size was 1.8 Gy in svery seuing.
. The clinical target volume (CTV) was defined as 2n entire
involved organ (orbit, thyroid, sahvary glatd, breast) ot

gross tumor volume (GTV) with a matgin of at least 20 mm,

“We did not intend to treat the adjacent first echelon lymph

node region, A lens shicld was placed to prevent this except
where the block compromised tumor coverage. Radiation
doses were specified according 1o the report of ICRU $50. In
clectran beam lherapy. doses were spcctﬁcd at the peak dosc
oft the beam axis reached, '

PROCERURE OF QUALITY ASBURANCE PROGRAM

Clinigal records, all diagnostic radiological films or color
photos that depicted the extent of disease of all patients were
collected for review. Radiation therapy charts, simulation
films or dxg:taIIy reconstructed ra&:ogmphs, and portal films

. were reviewed, In cases of patients who received electron

béam RT, color photos demcnstratmg the treatment position
i the: treatment room were assessed. The isodose distri-
butions at the central axis were also submitted for review. In
addition to the evaluation of adherence of the protocol, an

‘evaluation of the response assessment was examined by

reviewing the clinical records, diagnostic radiclogical films
and color photes. All documents were digitally processed,
and mounted using Microsoft PowerPoint, Each researcher
de-identified all materials before submission, Afterwards,
each researcher returned the data via 2 CD-ROM, and the

QA committee member reviewed it using the slide show

functionality. The patient data was not delivered via the
internet for reasons of security. Figure 1 shows an example

of the PowerPoint template,

Qur QA programs included evaluation of the fraction size,
the elapsed days; the prescnbed dose to the reference point,
the relationship between GTV, CTV and radiation field, and
the difference between simulation film and portal ﬁln'l. The
isodose distributions were also examined as reference data.

DariNrTioN OF PROTOCOL VIOLATIONS AND PROTOCOL DIEVIATIONS

Protocol violations were defined as a fractional dose less .

“than 1.5 Gy, a total dose to the reference point either <50%

or > 110% of the dose prescribed in the protocol, the incom-
plete coverage of GTV, and more than 1 cm of difference
between sirnulation film and portal film. In addition, protocol.
deviations were defined as an overall treatment time either

. <three weeks or >six weeks, the difference between

simulation film and portal film >5 mm, the fleld border
<20 mm away from CTV, and a dose to the reference point

. either <95% or >105% of the dose prescnbcd in the

protogol,

RESULTS
We held the QA committes meeting on 19 March 20035,

There were no missing datz for any patients, and all docu- -
ments were of adequate quality for review. Table t shows

the relationship between the RT technique and primary site,
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www.jjeo.oxfordjournals.org) |




138 04 program of RT in MALT lymphoma

The mest common field arrangement was & single anterior—

posterior field (41% of patients), and two oblique felds

follow (30%). Two anterior—posterior of lateral opposing

field techniques were employed in nine patients (24%). No.

patient received RT with a 3D conformal technique or inten-
sity modulated radiation therapy (IMRT)., All patients were
preseribed their specified dose to the dose specification point

in aceordance with the protocol. No patients received RT

with a fraction size other than 1.8 Gy. Only ope patient
required an overall tredtment time more than 6 weeks, which
was defificd as deviation. The cause of this prolonged treat-
ment time was merely personal. Adequate-tumor coverage
-was achieved in 95% of the paticnts, Although CTV was
covered enough in the treatment volume, the field bd\rder
was placed with smaller margin (<20 mm) than that speci-

fied in the protocol in'the remaining twe patients, These two ‘

cases. wete defined as deviations. The isodose distributions at

the central axis plan were acceptable in all patients. Overall,
deviations were observed in three patients and the QA com- -
tnittee concluded that 92% of patients received RT as speci- )

fied by the protocol. No protoco! violations were observed in
this study. . -

- Because all documents were digitally processed in this
study, the cost per patient, including CD-ROM and pustage,
was sbout ¥150 (i.e. about US$1.30). It tock about an hour
to prepare each patient data for review. ’

DISCUSSION

- This report described our initial experience with a QA
program in-a multi-institutional prospective study, Qur
program is very simple and inexpensive. Ishikura et al, (13}
investigated the quality of RT in 3 Japanese clinical trinl and
found that 60% of patients received less satisfactory RT in

2001. They extended their research to 2005 and demon- -

strated that protocol. violation decreased dramatically to less

Tabie 1, Primary site and RT technique

between 60 and 70%.
© JutC rose over time, because the paticipating radiation oncol-

Primary site RT technique
AP - Oblique Opposing fisld Others .

Orbit - . s’ 6 3 g

" Thywid 0 3 1 0

~ Salivary gland 0 2 2 0
Waldeyer's ring ] 0 C2 o
Prostgte “ ] 0 0 1
Lung o 0 ] 1
Cecurs 0 0 1 0

- Totl . 15 1T g 2

RT, radiation therapy; AP, single anterior-posterior fisld: Opposing field,

we anterior-postarior of lateral opposing field techniques,

than 5%. The early RTOG study also showed that the fre-

quency of major and minor deviation was as- high as.

 They reported that the approprisleness

ogists became familiar with the protocol (2). The
Trans-Tasman Radiation Oncology Group (TROG) also
demonstrated an improvement in QA over time (14). Qur
observation that 92% of patients received RT per protaco!

specification was very promising for the initial QA experi--
ence. In.addition to.the decrease of protocol violation over
time, Halperin et al. (15) reported that institutional experi-
ences affected the incidence of major deviations, RTOG also
found that the QA performance was significantly better at
prineipal centers compared with satellites, We were not able
to assess institutional difference, because only thres patients
were judged as being a violation of protoecol guidelines.

It has long been realized that the guality of treatment
seridusly affects the outcome of elinical trials. Several
groups have evaluated the relationship between vialation and
staging, treatment strategies, and outcome. The Gerinan
Hodgkin’s Study Group (GHSG) evaluated the quality of RT’
for early stage HL (Hodgkin’s lymphoma) and found that
freedom from treatment failure (FFTF) was significantly -
influenced by the quality of RT. Those who received RT as
per protocol obtained 82% of FFTF, and those with violation
demonstrated only 70% of FETF after five years (16).
Furthermore, they observed that the disease extent recorded
on the case report forms was signifieantly different from that
shawn on diagnostic CT, which resulted in a change of
disease stage, treatment group alfocations, and treatment
volume (17,18). As these misinterpretations lead to protocol
violations, they recommended an early central prospective
review. Dieckmann and colleagues (19) aiso concluded that
an up-frant centralized review of patient data and consecu-
tive set-up and delivery of individualized treatment proposals
for every patient are feasible within a large multicenter trial
involving pediatriec HL, -

Howsver, two groups have concluded that vielation did
not lead to a detrimental treatment outcome. The EQRTC

- 20884 trial evaluating the efficacy of involved field RT in _
patients with advanced HL demonstrated that 47% of .

patients received RT with major violation (20). However,
their conglusion was that the outeome was not influenced by
violation of the radiotherapy protocal. In another multicenter
trial involving pediatric medulloblastoma, 57% of the fully
evalugble patients had one or more major deviations in their
treatment schedule (21). Major deviations regarding the
treatment site were also found in more than 40% of patients.
Despite these high major deviation rates, underdosage or
geographical misses were not associated with a worse
outcome, Although these two groups did not demonstrate a
relationship between violation and treatment outcome, it is
assumed that these high violation rates make it diffieult to
correctly understand the true message of clinical trials. With
respect to violation rates, our present trial was satisfactory-
and the outcome data are robust, -




Advances in imaging and other technology have enhanced
our ability to ¢reate complete anatomic and fusctional 3D
data for cach paticnt that facilitates the use of advanced tech-
nology RT delivery tools, including 3D conformal RT, inten-
ity modulated RT, stereotactiv RT and radiosurgery, and
image-guided RT, Implementing these advanced technol-
ogies safely in clinical practice will require innovative and
efficient methodologies for clinical QA, For example, Palta
et al. (22) introduced the new web-based QA program to
allow the rapid peer review of radiotherapy data through a
simple personal computer-based web browser, RTOG has
already developed a web-based QA program, and EORTC
will also adopt a similar system to facilitate their QA
program.. .

Thiz is the first report that evaluates the QA program in
MALT lymphoma, The technical deviation rate, technical
data quality and completeness of this phase II trial were
aceeptable, and in addition our QA procedures were inexpen-
sive and not time conmsuming. Furthermore, in multi-
institutional studies, this analysis continues to lend credence
to cfforts related to QA for RT.
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MULTI-INSTITUTIONAL STUDY OF RADIATION THERAPY FOR ISOLATED
' PARA-AORTIC LYMPH NODE RECURRENCE IN UTERINE CERVICAL
CARCINOMA: 84 SUBJECTS OF A POPULATION OF MORE THAN 5,000

Yuzuru NuBE, M.D.* MASAH]RO Kenio, M.D.,T Tomoko Kazumoro, M D.,* Koicrr MICHMO’I‘O M.D.}
Makoto Tarayama, MD.,! Crkaxo Yamavucer, MLD.,##* MASAAKT KaTA0KA, MLD.!
KazuNorT Suzuki, M.D;,# Noro I, M.D.,** Tarasex Uno, M.D.;TT Tstivosmn TakaNaka, M.D.,F
Kemxo Hicucrr, M.D.,*® HoEva YaMazaxi, MD., W Suwao Toxumaru, M.D., T
Masarko OGucht, M.D., 8 AND KAZUSHIGE HAYAKAWA, M.D.,* FoR JAPANEASE ISOLATED PARA-AORTIC
LympH NODE RECURRENCE OF U’IER]NE CERVICAL CARCINO\JA STUDY Group

" ¥Department of Radlology, Kitasato University School of Medicine, Kanagawa, Japan; TDepamnent of Radlology, Hiroshima University
Graduate School of Biomedical Sciences, Hiroshima, Japan; ¥Department of Radiology; Saitama Cancer Center, Saitama, Japan;

¥Department of Radiation Oncology, Cancer Institute Hospital, the Japanese Foundation for Cancer Research, Tokyo, Japan; ﬁDepaItment

" of Radiology, Kyorin University School of Medicine, Tokyo, Japan; IDepartinent of Radiology, National Shikokn Cancer Center, Ehime,
. . Japan; *Department of Radiology, Hamamatsu University School of Medicine, Hamamatsn, Japan; **Department of Radiology, Mie

" University School of Medicine, Mie, Japan; f'Departmsnt of Radiation Oncology, Chiba University Graduate School of Medicine, Chiba, .
“Japan; ®Department of Radl()lOﬁ , Kanazawa Univessity School of Medicine, Kanazawa, Japan; **Department of Radiology, Gunma
Cancer Center, Gunina, Japan; "Department of Radiation Oncology, Osaka Medical Center for Cancer and Cardiovascular Diseases,”
Osaka; Japan; mDepamnent of Radiology, Saga University School of Medicine, Saga, Japan; ***Department of Radiation Oncology,
Kyoto University Graduate School of Medicine, Kyoto, Japan -

Purpose: Most patients who had any recurrent sites of cancer have been considered to be in their last staoe of
hfe‘ However, recent advances of clinical research reveal some patlents achieve long-term suarvival even in
recurrence. Furthermore; for patients who had only one recurrent region, radiation thérapy could. play an
important role. As for uterine cervical carcinoma, the most common recurrent site other than the pelvis i Is the
para-aortic lymph nodes. Thus we conducted the current study.
Patients and Methods: Between 1994 and 2003, more than 5,000 aterine cervical carcinoma pahents were treated
with curative intended treatments at 13 Japanese hospltals. Of these patients, 84 developed para-aortic lymph
- node recurrence as the only site of initial fumor progression. These. patients were treated with external beam
radiation therapy. Radiation therapy protocol was as follows: 1.7-2.0 Gy per fractxon, 5 fractxons per week, and
the mean total dose was 50.8 Gy (25-60 Gy).
Results: Three- and 5-year overall survival rates of all patlents were 49 5% and 31. 3% s respectlvely Stratified
by symptom sign, 3-year overall survival rate of symptom positive was 27.6% and those of the negative was-
56.1% (p = 0.018). Three-year overall survival rates of the totil dose =51 Gy and that of =50 Gy were 58.0%
and 42.8%, respectively (p = 0.07). As for morbidity, no patxents received Grade 3 or greater late toxicity.
Conclusions: The current study suggested that radiation therapy for isolated para-aortic lymph node recurrence
- I uferime cervical carcinoma could have a significant impact on survival. © 2006 Elsevier Inc,

-

Uterine cervical carcinoma, Isolated para-aortic Iymph node recarrence, Radiation therapy, Oligo-l:ecurrence;

INTRODUCTION

Most patients who have any recurrent sites of cancer are

long-term survival even with recurrent Cancers, a term- we
first defined as oligo-recuzrence in our previous study (1).

". Burthermore, for patients who have only one recurrent 1e-

considered to be in their last stage of life. However, recent -

advances of clinical sesearch reveal some patients achieve

gion, radiation therapy- could play an important role.”
As for uterine cervical carcinoma, the most common
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recurrent site other than pelvis is the para-aortic lymph
nodes. Furthermore, improvement of diagnostic imaging
enables us to detect more frequently isolated para-aortic
lymph node recurrence. In Japan, the largest population-
based study of the frequency of isolated para-aortic lymph
node recirrence in patients with uterine cervical carcinoma
has been recently reported (1). Sixty-seven patients of 3,137
uterine cervical carcinoma (Stage Ia-IVa) treated with cur-
ative treatment have recurred in isolated para-aortic lymph
‘node regions (2.1%). Moreover, Singh et al. recently re-
‘ported that isolated para-aortic lymph node recurrence in
uterine cervical carcinoma treated with concurrent chemo-
radiotherapy achieved 100% of 5-year survival according to

Kaplan-Meier method, although this study consisted of only .

7 patients, and only 1 patient achieved actual 5-year survival

(2). Regions in Asia have the highest incidence of uterine
cervical carcinoma. Kim et al in Korea recently reported-

that 3-year overall survival rate of isolated para-aortic
lymph node recurrence in uterine cervical carcinoma pa-
tients treated with hyperfractionated radiation therapy total-
ing 60 Gy combined with concurrent chemotherapy was
19% (3). Chou et al. in Taiwan reported that the S-year
survival rate for isolated para-aortic lymph node recurrence
treated with concurrent chemoradiotherapy was 51.2% (4).
Hong et al. in Taiwan reported 34% of 5-year survival (5).

In Japan, 38% of 5-year survival was reported for these A

patients treated by radiation therapy or radiation therapy
- combined with chemotherapy (6).

However, no studies such as these have been performed
on a large population. Thus we conducted a multi-institu-
tional study for isolated para-aortic lymph node recurrence

Table 1. Patient characteristics

Mean age :
at the initial treatment 54.8 years (25-80 years)
at the recurrence 56.4 years (26-81 years)
Histopathology .
SCC 74
Adenocarcinoma _ 5
Adenosquamous cell carcinoma 5
Clinical stage at the initial
treatment ' .
- Ta 0.
b 16
Oa o ' 3
b 15
‘a 1
IIb : : 42

IVa : ’ 7
The mean serum SCC level :
at the initial treatment

at the recurrence - 7.0 ng/dL (0.4-92.8 ng/dL)
Symptom .

None, .- . ) 66

TLumbago 12

Edema of- lower extremities - 4
_ Pain of lower extremities ) 2

Abbreviation: SCC = squamous cell carcinoma.

v

Survival Rate (%)

17.8 ng/dL (0.5-100 ng/dL) -

Table 2. Treatment characteristics :

~ Initial treatmént

Radiation thera;ﬁy alone (combination
of external beam radiation therapy

with intracavitary irradiation) 42
Chemoradiotherapy
(radiation therapy as above) ) 16
Surgery with radiation therapy 11
Surgery with chemoradiotherapy : 6
Surgery alone . 9
Mean total dose for isolated PAN 50.8 Gy (25-61 Gy)
Chemotherapy regjmens ‘
BOMP 8
UFT 8
CDDP 5
Others . : 11

Abbrevzahom PAN = para—aornc lymph node recurrence;
BOMP = bleomycin, Oncovin, mitomycin C, cisplatiny UFT =
uracil-tegafur; CDDP = cisplatin.

in uterine cervical carcinoma of a population of more than
5,000.

PATIENTS AND METHODS

More than 5,000 uterine cervical carcinoma patients (Ia-Iva)
were treated with curative treatment snch as surgery, radiation
therapy, or a combination of these treatments in 13 major Japanese
hospitals. Of these, 84 patients, who recurred in isolated para-
aortic lymph node, were treated with radiation therapy for para-
aortic regions between 1994 and 2003. These patients are analyzed.
in the current study. Patient characteristics are listed in Table 1.
The mean age at the initial treatment (pelvis) was 54.8 years
(range, 25-80 years). On the other hand, the mean age at the
isolated para-aortic recurrence was 56.4 years (range, 26-81
years). The mean duration time was 22.0 months (range, 1-103
months). The clinical stage at the initial treatment was as follows:

.0 were Stage Ia, 16 were Stage Ib, 3 were Stage Ila, 15 were Stage

Ib, 1 was Stage Ila, 42 were Stage IIIb, and 7 were Stage IVa.
The mean seram squamous cell carcinoma (SCC) antigen level at
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Fig. 1. Overall survival (OS) curve of all patients is demonstrated.
Five-year overall survival of all patients was 31.3%.





