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the PTV (Fig. 5 (c)). DVHs of the PTV, rectum, and bladder
were rapidly degraded with MSS plans greater than or equal
to 2.0 cm compared with MSS 1.0 cm plan.

Figure 6 (a) shows the HI of the PTV by MSS for the five
patients. Average differences between the MSS 1.0 cm and
1.5 c¢m plans, and the 1.5 cm and 2.0 cm plans were within
0.1% and 9.6%, respectively. HI values were rapidly degraded
in the MSS 2.2 cm plan and above, with differences between
the 1.0 cm and 2.2 cm, 2.5 cm, and 3.0 cm plans of more
than 15%, 32%, and 51%, respectively. With regard to V107
of PTV, the difference between MSS 1.0 cm and 1.5 cm was
2% (Fig. 6 (b)). In contrast, V107 values of the MSS 2.0 cm
or greater plans were more than 2.5-fold that of the MSS
1.0 cm plan. The same tendency was also observed with

regard to maximum rectal and bladder doses. Although the '

differences between the MSS 1.0 cm and 1.5 cm or 2.0 cm
plans were within 2.5%, these ratios rapidly increased at an
MSS of 2.2 ¢cm and greater, and with the MSS 2.5 cm plan
were 1.11- and 1.28-fold that of the MSS 1.0 cm plan,
respectively (Fig. 6 (c), (d)). The degree of increase in the
ratio of these parameters appeared to correlate with a larger
seminal vesicle volume.

Table 3 summarizes these dosimetric results and statistical
analyses according to various MSS settings. The difference
in HI of PTV between the MSS 1.0 cm and 1.5 cm plans was
within 0.5%, which was not statistically significant (p =
0.240). Although 9.6% difference for the five patients was
observed between MSS 1.5 cm and 2.0 cm, this was not sig-
nificant (p = 0.155), with only the difference between the
MSS 2.2 cm and 2.5 cm plans being significant. With regard
to the V107 of PTV, however, a significant difference was
observed between MSS 1.5 cm and 2.0 cm (p < 0.05),
whereas no significant difference was observed between
MSS 1.0 cm and 1.5 cm. The same tendency was observed
with regard to maximum rectal dose. For maximum bladder
dose, no significant difference was observed between MSS
1.5 cm and 2.0 cm (p = 0.065).

Composite plan verification at various MSS plans
Figure 7 shows the results of composite verification of
various MSS plans in patient 1. Regions in which the dose
difference between the measured and calculated doses was
within 5% are colored. The red regions indicate that the
measured dose was larger than the planned dose, but that the
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Fig. 6. Effect of MSS on DVH parameters. (a) HI of PTV, (b) V107 of PTV, (c) Ratio of maximum rectal dose of the MSS 1.0 cm plan to
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Table 3. Summary of dosimetric results by MSS for five patients

MSS (cm) 1.0 1.5 2.0 2.2 2.5 3.0
PTV (HD) 1.345+027 1.346%0.154 1.475+0.250 1.525+0.260 1.732+0.328 2.010£0.383
p-value (0.240)° (0.154) (0.087)° (< 0.05)°
p-value (0.155)¢ (0.075)f (< 0.05)%
PTV (V107 (%)) 14.12+£1229 1473 +£12.70 41.25+£37.05 53.72+39.84 70.54+£37.89 72.99 +36.90
p-value (0.101)? (< 0.05)°
p-value (<0.05)°
Max. rectal 75.8%1.1 759=x1.0 776123 80.0 £ 5.1 84.5+8.3 89.7 + 8.7
Dose (Gy)
p-value (0.179)* (<0.05)°
p-value (<0.05)°
Max. bladder 794144 794 +£4.3 81.2+5.6 83.0+6.3 89.4+10.2 102 +12.9
Dose (Gy)
p-value (0.463)* (0.054)°
p-value (0.065)¢ (0.056)" (0.079)¢ (0.029)"

Abbreviation: MSS = minimum segment size. * Comparison of MSS of 1.0 cm vs. 1.5 cm. ® Comparison of MSS
of 1.0 cm vs. 2.0 cm. € Comparison of MSS of 1.0 cm vs. 2.2 cm. ¢ Comparison of MSS of 1.0 cm vs. 2.5 cm.
¢ Comparison of MSS of 1.5 cm vs. 2.0 cm. f Comparison of MSS of 2.0 cm vs. 2.2 cm. & Comparison of MSS
of 2.2 cm vs. 2.5 cm. " Comparison of MSS of 2.5 cm vs. 3.0 cm.

dose difference was within = 5%. On the other hand, the blue
regions indicate that the measured dose was smaller than the
planned dose, but that the dose difference was within £ 5%.
The white regions indicate that the difference between the
measured and planned dose was greater than + 5%. Many
such regions were observed with the MSS 1.0 cm plan (Fig.
7 (a)) in the PTV, whereas few were seen with the MSS
1.5 cm plan. The white regions in Fig. 7 (b), (c) and (d)
around the PTV show high-dose gradient regions in which
DTA within 3 mm was confirmed.

DISCUSSION

We investigated the optimum minimum segment size in
two-step IMRT optimization with regard to both planning
quality and dosimetric accuracy.

Several optimization methods are available in commercial
treatment planning systems, including two-step optimization
and direct-aperture optimization.'™ Several studies have
demonstrated the optimal minimum segment size for IMRT
planning.5*!® Worthy et al. reported that the minimum seg-
ment area setting in DMPO should be 8 cm?, taking into
account both planning quality and treatment delivery time.®)

Lydon investigated the calculation accuracy of small seg-
ments using Pinanacle® and Varian linear accelerator'® and
demonstrated that segments of less than 1 cm in width
should not be used for IMRT. Aspradakis et al. reported that
a minimum segment size of less than 2 cm was not suitable
for step and shoot IMRT, considering mechanical limitations
such as beam output stability for low MU settings.” How-
ever, these latter two papers did not investigate the effect of
minimum segment size on planning quality. To our knowl-
edge, optimal segment size in two-step optimization with
regard to both planning quality and dosimetric accuracy has
not been investigated in detail.

In the present study, no significant change was seen
between the MSS 1.0 cm and 1.5 cm plans with respect to
DVHs of the PTV, bladder and rectum. In contrast, a signif-
icant change was seen between the MSS 1.5 cm and 2.0 cm
plans for V107 of the PTV and maximum rectal dose, and
planning quality rapidly deteriorated with MSS plans greater
than 2.2 cm. Interestingly, the degree of degradation of HI
or V107 of the PTV and maximum rectal and bladder dose
tended to depend on seminal vesicle volume (Fig. 6): as
seminal vesicle volume increases, a larger part of the PTV
involves the rectum. To compensate for regions overlapping
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-5%

5%

Fig. 7. Results of composite plan verification for Patient 1 by GafChromic film by MSS. Colored regions indicate dose
differences between planned and measured values of within 5%. (a) MSS 1.0 cm, (b) MSS 1.5 c¢m, (¢) MSS 2.0 cm, and (d)

MSS 2.5 cm.

the PTV and rectum, smaller segments were generated (data
not shown). In such situations, a smaller MSS might provide
better coverage of the PTV.

On the other hand, the number of total segments and total
MU in the MSS 1.5 cm plan were significantly decreased
compared with the MSS 1.0 cm plan, indicating that treat-
ment time with the MSS 1.5 ¢cm plan may be shorter than
with the 1.0 cm plan, during which intrafractional patient
movement may occur. Therefore, with regard to planning
quality, we concluded that the optimal minimum segment
size setting was MSS 1.5 c¢m, but that more than 2.2 cm was
clinically unacceptable. It also appeared that planning qual-
ity tended to be worse when seminal vesicle volume was
large (Fig. 6 (a), (b)). In such cases, even MSS of 2.0 cm or
greater should be avoided.

Compared to the traditional radiotherapy with fields > 4 x
4 ¢cm?, small fields or segments used in IMRT can result in

significant uncertainty in the accuracy of clinical dosimetry.”

Thus it becomes difficult to assure the accuracy of beam
delivery.”'" To examine whether small MSS plans can accu-
rately calculated and delivered, we next conducted compos-
ite plan verification for the MSS 1.0 cm, 1.5 ¢cm, 2.0 cm and
2.5 cm plans using GafChromic-type EBT films. We used
the plan of patient 1 because the proportion of 1 x 1 cm? sub-
segment with MSS 1.0 cm plan was the largest of the 5
patients, which is the severe condition in IMRT plan verifi-
cation. In IMRT, a dose difference of 3% has been commonly
used as a tolerance level.'” Van Battum et al. estimated an
uncertainty of at least 1.3% (1SD) for GafChromic-type
EBT film dosimetry.'” Our data revealed a 1.4% dose
difference (1SD) between calculation by XiO and by film
measurement in the flat region of a simple field profile
(5.0 x 5.0 cm?), which agreed with an ion chamber measure-
ment within 0.5% (data not shown). In addition, there are
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other sources of dose uncertainties including film inhomo-
geneity which was found to be 1.1%.2” We therefore set a
tolerance level of 5% for dose difference analysis. Our data
showed that the MSS 1.0 cm plan was not acceptable
because the regions where the dose difference between cal-
culated and measured dose was beyond 5% existed around
PTV. On the other hand, the MSS 1.5 cm plan was accept-
able because only few regions had a dose difference between
the calculated and measured dose of more than 5%.
Although dose distribution between the MSS 1.0 cm and
1.5 cm plans was similar (Fig. 4), the proportion of segments
was found to be different (Fig. 3). In particular, the MSS
1.0 cm plan contained many smaller subsegments, such as
1.0 x 1.0 cm? Previous study has shown that the calculation
accuracy of off-axis 1.0 X 1.0 cm? was beyond 5% using
Helax Collapsed Cone algorithm.” Therefore these subseg-
ments might be related with discrepancies between the cal-
culated and measured dose.

Although many issues in small field dosimetry remain,
including beam modeling accuracy and output factors mea-
surement technique,””*” our composite plan verification
contains these components. We therefore concluded that the
use of a 1.5 cm MMS setting is appropriate with regard to
both planning quality and dosimetric accuracy.

Of note, MLC positioning within 0.6 mm in this study
was assured by performing MLC positional calibration at
least once a month and checking it weekly. In addition, we
used segments of greater than 5 MU only, ensuring stable
beam delivery and output. We also assured dose calculation
accuracy down to a 1.5 x 1.5 cm field within the accuracy
of 2% dose difference and a 2-mm DTA (data not shown).

With regard to more complicated IMRT, such as for head
and neck cancer, the percentage of smaller segments would
be larger. Although the results of this study are therefore
relevant to prostate IMRT only, the process we used to deter-
mine minimum segment size would be useful in studies of
other sites of IMRT.

In conclusion, the minimum segment size setting in IMRT
optimization impacts dose distribution. Our data showed that
an MSS 1.5 cm setting was suitable for prostate IMRT plan-
ning with regard to both planning quality and dosimetric
accuracy. Although several papers have demonstrated that
DMPO is a practical and preferable alternative to two-step
optimization,'%*” commercial treatment planning systems
that use only two-step optimization remain available. Our
findings could therefore be useful in determining or review-
ing the validity of MSS settings in clinical practice.
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Age is not a limiting factor for brachytherapy for
carcinoma of the node negative oral tongue in
patients aged eighty or older
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Abstract

number.

Background: To examine the role of brachytherapy for aged patients 80 or more in the trend of rapidly increasing

Methods: We examined the outcomes for elderly patients with node negative oral tongue cancer (T1-3NOMO)
treated with brachytherapy. The 21 patients (2 T1, 14 T2, and 5 T3 cases) ranged in age from 80 to 89 years
(median 81), and their cancer was pathologically confirmed. All patients underwent definitive radiation therapy,
with low dose rate (LDR) Ra-226 brachytherapy (n = 4; median 70Gy), with Ir-192 (n = 12; 70Gy), with Au-198
(n = 1) or with high dose rate (HDR) Ir-192 brachytherapy (n = 4; 60 Gy). Eight patients also underwent external
radiotherapy (median 30 Gy). The period of observation ranged from 13 months to 14 years (median 2.5 years).
We selected 226 population matched younger counterpart from our medical chart.

Results: Definitive radiation therapy was completed for all 21 patients (100%), and acute grade 2-3 mucositis
related to the therapy was tolerable. Local control (initial complete response) was attained in 19 of 21 patients
(90%). The 2-year and 5-year local control rates were 91%, (100% for T1, 83% for T2 and 80% for T3 tumors after
2 years). These figures was not inferior to that of younger counterpart (82% at 5-year, n.s.). The cause-specific
survival rate was 83% and the regional control rate 84% at the 2-years follow-up. However, 12 patients died
because of intercurrent diseases or senility, resulting in overall survival rates of 55% at 2 years and 34% at 5 years.

Conclusion: Age is not a limiting factor for brachytherapy for appropriately selected elderly patients, and
brachytherapy achieved good local control with acceptable morbidity.

Background

Oral tongue carcinoma is a highly curable cancer when
treated with radiation therapy, especially interstitial bra-
chytherapy [1]. Iridium-192 (Ir-192) hairpins or cesium-
137(Cs-137) needles are usually used for low-dose-rate
(LDR) interstitial radiotherapy in Japan. We used a
high-dose-rate (HDR) remote-controlled after-loading
system, using an Ir-192 microsource, the MicroSelec-
tron-HDR (Nucletron, Veenendaal, The Netherlands)
installed in 1991. Since with this system there is no risk
of radiation exposure except to the patient, HDR makes
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'Department of Radiclogy, Kyoto Prefectural University of Medicine, 465
Kajiicho Kawaramachi Hirokoji, Kamigyo-ku, Kyoto 602-8566 Japan

Full list of author information is available at the end of the article

( ) BioMed Central

it possible to treat patients in a normal ward, so that
the quality of life during treatment may be better. We
have already reported on the outcome of HDR bra-
chytherapy for early oral tongue cancer which included
a prospective Phase III study [2-4]. In addition, we
reported that the efficacy of brachytherapy for T3 oral
tongue cancer, especially when using HDR, was
enhanced by its excellent dose distribution [5]. The
number of elderly patients in Japan has been increasing
steadily because of advances in both health and medical
care and the leading cause of death among the elderly is
cancer. The number of people aged 80 or over reached
7,130,000 in Japan in 2007, which counts for more than
5% of the population. The problems involved in treating
older patients with cancer are time pressing [6].

© 2010 Yamazaki et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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As aging is a highly individualized process, the indica-
tion, strategy, and techniques of radiation therapy for
the elderly should not be defined exclusively by chrono-
logic landmarks [6]. We studied 21 80-year-old or older
patients with oral tongue cancer treated by brachyther-
apy. Since to the best of our knowledge, there have
been no previous reports regarding such patients, we
conducted this retrospective review of the feasibility of
brachytherapy for elderly patient with T1-3NO oral ton-
gue cancer.

Methods

Patients

Between 1967 and 2004, 21 patients (9 males and 12
fernales) with previously untreated mobile tongue cancer
were treated with radiotherapy at Osaka University Hos-
pital and Osaka National Hospital. Patients treated with
radiotherapy combined with chemotherapy were
excluded from the study. All tumors were histologically
identified as squamous cell carcinoma. Table 1 lists
patient and treatment characteristics. The patients’ med-
ian age was 81, ranging from 80 to 89. There were 2 T1,
14 T2, and 5 T3 tumors (UICC TNM classification of
1987). During the study period, we also treated about
700 patients with T1-3NO oral tongue carcinoma [4],
with the elderly group accounting for 3% of all patients.
The age of the 21 patients ranged from 80 to 89 years
(median 81) at the start of radiation therapy, and the
male-to-female ratio was 9:12. Performance status (PS)
was classified as 0-1, based on the World Health Orga-
nization classification. For this study, the clinical records
of consecutive these 21 patients from our database were
reviewed (Table 1). To compare the result of treatment
to younger counterpart, we reviewed population
adjusted (sex, T-stage, with external radiotherapy) 226
patients treated during same time period. The back-
ground comparison was shown in Table 2.

Radiation therapy

All implantation was done under local anesthesia. For
patients in the LDR group, the treatment sources con-
sisted of an Ir-192 pin for 12 patients, a Ra-226 needle
for 4 and a '?®Au grain for one patient. Each needle was
implanted with the Paterson-Parker system using a
reference point 5 mm distant from the implant plane.
The median dose and range for the LDR group treated
with brachytherapy only was 70 Gy (61-84 Gy). Patients
in the HDR group received a total dose of 60 Gy in ten
fractions during one week at 5 mm distance from the
radioactive source. Two fractions were administered per
day. The time interval between fractions was more than
6 hours. Dose rates at the reference points for the LDR
group were 0.30 to 0.8 Gy/h, and for the HDR group
1.0 to 3.4 Gy/min. Patients were followed up for at least
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13 months or until their death, with a median follow-up
time of 2.5 years (range: 1.3 - 14 years). Large T2 tumor
or more including ulceration or thicker tumor received
external irradiation. A total of 8 patients (T2: 3, T3: 5)
underwent external radiotherapy using a Co-60 telether-
apy unit or a linear accelerator. These patients received
2-3 Gy per fraction for a median dose of 30 Gy (30 - 50
Gy), and were treated with a single lateral field that
involved the primary site and the upper jugular lymph
nodes. Nutrition support was given by nasal tube feed-
ing during brachytherapy. No patient required tracheost-
omy. The routine follow-up interval was 1 month for
the first year, two months for the second year, and 3 -
6 months thereafter. We examined the outcomes in
terms of local control, lymph node control, cause-speci-
fic and overall survival. Early toxicities were assessed by
Common Toxicity Criteria version 3 (CTC v3). Late
toxicities were counted if soft tissue (ulceration lasting
3 months or more) and/or bone (bone exposure and
necrosis) reactions occurred.

Statistical Analysis

For a statistical analysis, a Student’s t-test for normally dis-
tributed data and the Mann Whitney U-test for skewed
data were used. The percentage was analyzed using a Chi-
square test. Local control and survival data were estimated
according to the Kaplan-Meier method, and were exam-
ined for significance with a logrank test. All analyses used
the conventional p < 0.05 levels of significance.

Results

Local control, regional control, cause-specific and overall
survival

The 2- and 5-year local control rates for the 21 elderly
patients were both 91% (Figure 1). The 2-year (5-year)
local control rates for T1, T2, T3 tumors were 100%
(100%), 83%, (83%) and 80% (not available), respectively
(n.s.). These figures was not inferior to that of younger
counterpart (82% at 5-year, Figure 2 n.s.). Two patients
showed local recurrence. An 83-year-old female (ID15)
received external radiotherapy for lymph node metasta-
sis found just after completion of brachytherapy, but
local recurrence appeared and resulted in death. One
more local failure occurred in an 80-year-old female
with T2NO oral tongue cancer (ID 19) treated with the
Ir-192 source. During the first night of treatment in
the RI ward, she tried to brush her teeth and pulled out
the guide gutter of the Ir-192, so that the Ir-192 needles
were replaced with Au-198, resulting in partial response
and recurrence 4 months later. The 2-year and 5-year
cause-specific survival (CSS) rates were both 83% (83%
and 78% in control group), but the respective overall
gurvival rates were 55% and 34% (83% and 76% in con-
trol group). Incidence of lymph-node metastasis was
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Table 2 Background of aged patients and younger conterpart
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Aged (80-) Control (-79)
(N =21) (N = 226)
Age Age Median (Range) 81 (80-89) 56 (18-79)
Gender Male 9 (439%) 101 (45%)
Female 12 (57%) 125 (55%)
T classification T 2 (10%) 30 (13%)
T2 14 (67%) 146 (65%)
T3 5 (24%) 50 (22%)
Long diameter (mm) 30+£8 269
Short diameter {mm) 187 18+ 8
Thickness (mm) MNth 9+6
Source Ra-226 4 (19%) 72 (32%)
Ir-192 12 (71%) 120 {63%)
Au-198 1 (5%) 0 0%)
MS-HDR 4 (19%) 34 (15%)
External radiotherapy Brachytherapy only 13 (80%) 165 (73%)
Combined with external radiotherapy 8 (20%) 61 (27%)
Prescribed dose Brachytherapy Median (Range)(Gy) LDR 70 (54-85) 70 (50-112)
HDR 54 (32-60) 60 (42-60)
External radiotherapy ~ Median (Range)(Gy) LDR 30 (12-60)

HDR; high dose rate, LDR; low dose rate

91% Local control rate
1 4 Yy
| 05
(F
'8 ] I-'II..-lllllll...llllllllIIIIIlllllllIlllllllllIllIlllllll
I 83% Cause specific survival rate
L—

- |
2 -
5 !
g 4 = - I .
o . Overall survival rate
o | i

2 . -

. 34% L
0 =
L I ! ! ! 1 ! 1 ! 1 ' i ' 1 ! 1
0 5 10 15
years
Figure 1 Local control, cause specific survival and overall survival rates for patients 80 or more with oral tongue cancer treated with
interstitial radiotherapy. solid line; local control rate, dotted line; cause specific survival rate, dashed line; overall survival rate.
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Figure 2 Local contro! rates according to age. Aged patients 80 or more showed no inferior local control rate to younger counterpart,

21% at 2 years (34% in control group) and all four
recurerce appeared at ipsilateral side. Of the 4 patients
who showed nodal failure, three underwent surgery, one
of whom could be salvaged. Actuarially 12 patients died
because of intercurrent disease or old age. The follow-
up for 5 patients had to be terminated because the
patients or their family requests.

Tolerance and Complications

Grade 2-3 acute mucositis, pharyngitis for combined
external radiotherapy and oral mucositis for solely bra-
chytherapy, occurred but were acceptable. No grade-4
skin or mucosal acute reactions were documented. The
intensity of acute reactions in the elderly patients was
almost the same as that observed in younger patients.
Late reactions after brachytherapy comprised one bone
exposure and/or two ulcer formations lasting 3 months
more (2/21 = 10%; Table 1). One case showed tongue
deformation with ulceration scar. In previous cohort [4],
10 to 30% of delayed reaction was found according to
treatment volume and addition of external radiotherapy.
Aged patients showed similar ratio of delayed reaction.

Discussion
The patients 80 years old or older among those who
were treated by brachytherapy accounted for about 3%

of our cohort. The incidence of carcinogenesis among
this age group is currently unavailable, but oncologists
are treating increasing numbers of elderly cancer
patients, so that we should be more deeply concerned
about treatment strategies for these patients. The dete-
rioration of biological functions associated with aging
leads to a diminished reserve capacity and increased vul-
nerability to age-related diseases and overall forces of
mortality [6-8]. As the effects of aging depend on the
individual, they manifest themselves with great variabil-
ity and heterogeneity, thus making it extremely difficult
if not impossible to determine a standard therapy for
elderly patients based only on chronologic landmarks.
When deciding on a personalized mode of treatment for
older patients, it is important to assess each patient’s
quality of life and life expectancy. Prognostic factors
related to the tumor (TNM stage, pathology, etc.), physi-
cal and/or psychological status (PS, etc.}, and social sup-
port should be taken into account when estimating the
outcome of treatment and life expectancy of elderly
patients. However, the major part of prospective trials is
carried out with patients younger than 70 so that little
evidence regarding elderly patients is available,
Generally, local treatment is more appropriate than
systemic therapy for the elderly. Standard chemotherapy,
especially combination treatment, is not encouraged
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because of elderly patients’ physiologically impaired
functions and diminished reserve capacity of important
organs [9-11]. Unsatisfactory outcomes of combination
therapy have been reported [8], although better results
with less toxic antineoplastic agents or reduced doses of
chemotherapeutic agents especially designed for elderly
patients with non-Hodgkin's lymphoma have been
reported [12]. Moreover, the rates of acute adverse
effects, morbidity, and mortality remain high for the
elderly, so that extended radical surgery is not encour-
aged for the same reasons. It is important for their qual-
ity of life and life expectancy to attain local control of
symptomatic primary lesions. Carefully planned radia-
tion therapy for the elderly is expected to become
increasingly important [13]. A prospective study has also
reported the usefulness of radiotherapy for esophageal
cancer in elderly patients [14], and found that patients
with good PS could tolerate doses that administered
according to a standard radiotherapy schedule [9]. Our
findings agreed with this study in that the completion
rate of radiotherapy and local control rate for elderly
patients were not inferior to those for younger patients.

One of the limitations of this study is that its retro-
spective nature leads to a lack of detailed information
about co-morbidity. This is important because cardio-
vascular and pulmonary diseases as well as diabetes and
other diseases are more pronounced in elderly than
younger patients. In addition, as mentioned in results,
unexpected accidents will occur more frequently in
elderly than younger patients. We found four cases of
hypertention and a TIA records in patients’ charts, how-
ever, they were able to be diagnosed as candidates for
brachytherapy with local anesthesia and we noted that
adverse reactions such as mucositis in HDR brachyther-
apy were similar for elderly patients: spotted mucositis
started to appear three days after the end of brachyther-
apy while confluent mucositis developed and reached a
peak at ten days, but disappeared by the fourth to eighth
week without any major complications [2]. Fortunately,
we did not encounter the aspiration pneumonia after
brachytherapy in current study. Severe deterioration in
QOL, such as speech disturbance, swallowing function
loss, and frequent short hospital stay were also not a
case enhanced than younger counterpart. Although the
number of patients in this series was too small to draw
definite conclusions regarding efficacy, late toxicity and
tolerance, our data suggest the potential benefits of bra-
chytherapy for elderly patients.

Because radiation therapy is considered to be a mini-
mally invasive treatment procedure, it has the advantage
of preserving the shape and functions of the tongue.
Brachytherapy was historically performed with Ra-226,
which involved exposure of the surrounding tissue. To
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minimize undesirable radiation to normal tissues, an
afterloading technique using Ir-192 was implemented.
This LDR brachytherapy has been widely used since and
become the gold standard in brachytherapy. Many insti-
tutes have reported successful results for tongue cancer
treated with LDR brachytherapy [2,15]. Since then, HDR
brachytherapy using a remote afterloading technique has
been introduced in several brachytherapy centers,
including ours [2-4]. We previously reported our phase
III data and a retrospective review with good results for
T1-3 NO patients to show the comparable outcome of
HDR. However, retrospective reviews including ours
reported that older patients aged 65 or over showed
poorer local control than their younger counterparts
[3,4]. In a 648-patient cohort, 5-year local control rates
were 87% for T1, 78% for T2, and 68% for T3 in
younger patients, but 72% for T1, 67% for T2, and 54%
for T3 in elderly patients aged 65 or over (p < 0.05) [4].
These findings prompted us to examine the background
characteristics of older patients. We found that one pos-
sible explanation for poor local control was poor oral
hygiene including dental factors in the elderly in pre-
vious study [12], which could be modified by careful
intervention. In addition, in the study reported here, we
found that patients aged 80 or over showed good out-
come including four locally controlled HDR patients.
Therefore age is not a sole factor on a local control rate
by brachytherapy, other confounding factor such as
tumor, oral hygiene, PS, co-morbidities have affected
outcomes. Although further studies are needed to estab-
lish optimum schedules and techniques, elderly patients
with good PS may tolerate brachytherapy schedules so
that the advisability of definitive radiation therapy
should be considered.

In conclusion, patients aged 80 or over showed results
comparable to those for their younger counterparts, and
an aggressive approach for appropriately selected elderly
patients achieved good local control.
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CLINICAL INVESTIGATION Cervix

RECTAL DOSE AND SOURCE STRENGTH OF THE HIGH-DOSE-RATE IRIDIUM-192
BOTH AFFECT LATE RECTAL BLEEDING AFTER INTRACAVITARY RADIATION
THERAPY FOR UTERINE CERVICAL CARCINOMA

Fumiaki IsoHasHL, M.D.,* Yasuo YosHioka, M.D.,* Masariko Kozumi, M.D.,! Osamu Suzuki, M.D..}
Kon Konishi, M.D.,* Iort Suma, PH.D.,* YuTtaka TakasasHI, PH.D.,* Tosaryukr OGATA, M.S.*
Tabpayuki KotsuMma, M.D.,* aND TAKEHIRO INOUE, M.D.*

*Department of Radiation Oncology, Osaka University Graduate School of Medicine; ' Division of Medical Physics, Oncology Center,
Osaka University Hospital; and { Department of Radiation Oncology, Osaka Medical Center for Cancer and Cardiovascular Disease,
Osaka, Japan

Purpose: The purpose of this study was to reconfirm our previous findings that the rectal dose and source strength
both affect late rectal bleeding after high-dose-rate intracavitary brachytherapy (HDR-ICBT), by using a rectal
dose calculated in accordance with the definitions of the International Commission on Radiation Units and
Measurements Report 38 (ICRUygp) or of dose~volume histogram (DVH) parameters by the Groupe Européen
de Curietherapie of the European Society for Therapeutic Radiology and Oncology.

Methods and Materials: Sixty-two patients who underwent HDR-ICBT and were followed up for 1 year or more
were studied. The rectal dose for ICBT was calculated by using the ICRPgp based on orthogonal radiographs or the
DVH parameters based on computed tomography (CT). The total dese was calculated as the biologically equiva-
lent dose expressed in 2-Gy fractions (EQD,). The relationship between averaged source strength or the EQD; and
late rectal bleeding was then analyzed.

Results: When patients were divided into four groups according to rectal EQD, (= or <median dose) and source
strength (= or <2.4 cGy.m>.h'"), the group with both a high EQD; and a high source strength showed a significantly
greater probability of rectal bleeding for ICRUgp, D5, and D .. The patients with a median rectal dose above the
thresh(z)ld llevel did not show a greater frequency of rectal bleeding unless the source strength exceeded 2.4
cGy.m“.h™,

Conclusions: Qur results obtained with data based on ICRUgp and CT-based DVH parameters indicate that rectal
dose and source strength both affect rectal bleeding after HDR-ICBT. © 2010 Elsevier Inc.

High-dose rate, Intracavitary brachytherapy, Late rectal complications, Source strength, ***Ir.

However, rectal complications are a major concern for pa-
tients with uterine cervical carcinoma who are treated with
a combination of EBRT and ICBT. We previously reported
that patients treated not only with a rectal biologically effec-
tive dose (BED) =100 Gys but also with an average source
strength of >2.4 ¢Gy.m*h™ had a high incidence of rectal
bleeding. To our knowledge, this was the first report to dem-
onstrate the effect of source strength and rectal BED on rectal

INTRODUCTION

Brachytherapy is essential in radiotherapy for cervical carci-
noma and is often combined with external beam radiation
therapy (EBRT) for radical treatment. Several studies have
suggested that control rates are significantly improved with
EBRT and brachytherapy compared with EBRT alone
(1, 2). High-dose-rate remote afterloading intracavitary bra-
chytherapy (HDR-ICBT) is widely used throughout Asia

and Europe, and its use is steadily increasing in the United
States (3). A patterns-of-care study performed in Japan
from 1999 to 2001 showed that approximately 90% of pa-
tients with cervical cancer who underwent ICBT were treated
with HDR and that iridium-192 (‘*?Ir) was used as the ICBT
source at almost half of the institutes enrolled in the study (4).

complications after HDR-ICBT in patients with uterine cervi-
cal carcinoma (5). However, we were unable to calculate the
rectal dose by using the International Commission on Radia-
tion Units and Measurements Report 38 rectal reference point
(ICRUgp) because we did not start using radiopaque gauze
for vaginal packing until 2003. Instead, the rectal point

Reprint requests to: Fumiaki Isohashi, M.D., Department of
Radiation Oncology, Osaka University Graduate School of Medi-
cine, 2-2 Yamadaoka, Suita, Osaka, 565-0871, Japan. Tel: (+81/6)
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med.osaka-u.ac.jp
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dose for ICBT was calculated by inserting a lead wire into the
rectal lumen.

Recently, the working group for gynecologic brachyther-
apy of the Groupe Européen de Curietherapie of the European
Society for Therapeutic Radiology and Oncology (GEC-ES-
TRO) introduced guidelines for contouring the target volumes
and organs at risk (OARs) for three-dimensional image-based
treatment planning for cervical carcinoma. This group also
proposed guidelines for analyzing the dose-volume histo-
gram (DVH) parameters calculated from these volumes (6,
7). A minimum dose for the most irradiated tissue volume
of 0.1cc (Dg 1ce), 1¢€ (Diee), and 2cc (D) for, respectively,
the rectum, the sigmoid, and the bladder is recommended for
routine recording.

Since 2003 we have been using radiopaque gauze for
vaginal packing and have obtained computed tomography
(CT) during the first session of the HDR-ICBT procedure.
The purpose of this study was to reconfirm, by using the
retrospectively calculated rectal dose in accordance with
the definitions of ICRUgp or GEC-ESTRO DVH parame-
ters obtained by CT, our findings that rectal dose and source
strength both affect late rectal bleeding.

METHODS AND MATERIALS

Patient characteristics

A total of 87 patients with histologically proven carcinoma of the
uterine cervix were treated at the Department of Radiation Oncol-
ogy, Osaka University Hospital, Osaka, Japan between February
2003 and May 2007. Patients were staged according to the Interna-
tional Federation of Gynecology and Obstetrics criteria and clini-
cally examined without general anesthesia by a gynecologic
oncologist and a radiation oncologist using palpation, cystoscopy,
and sigmoidoscopy. Abdominal CT and pelvic magnetic resonance
imaging (MRI) were performed to help with appropriate staging.
Complete blood counts and liver and renal function tests were
also performed. Twenty-five patients were excluded from the study
because 3 had received interstitial brachytherapy, 11 were lost to
follow-up, 5 died or showed local recurrence within 1 year after ra-
diotherapy, and 6 had for various reasons not undergone CT during
the first session of HDR-ICBT. We analyzed the remaining 62 pa-
tients, who had been treated with '**Ir HDR-ICBT using a tandem-
ovoid or tandem-cylinder applicator and followed up for 1 year or
more (median, 42 months; range, 12-62 months). The stage distri-
bution of the patients was as follows: 10 with Stage I disease (16%),
27 with Stage 1I (44%), 21 with Stage III (34%), and 4 with Stage
1V (6%). The median age of the study cohort was 69 years (range,
35-86 years).

Radiotherapy

Both EBRT and HDR-ICBT were performed as previously de-
scribed (5), with some modifications. The treatment schedules
for EBRT and HDR-ICBT are listed in Table 1. A set of
Fletcher-type (Fletcher-Williamson Asian-Pacific) metal applica-
tors (Nucletron International B.V., Veenendaal, The Netherlands)
was mainly used for ICBT. For patients with vaginal infiltration
or with a narrow vagina, a tandem with a vaginal cylinder was
used. Anterior and posterior vaginal packing with radiopaque
gauze was used to maximize the distance from the source to the
bladder wall and the rectal wall. Calculation of the dose profiles

Table 1. Treatment schedule for uterine cervical carcinomas

Tumor stage WP (Gy) CS (Gy) ICBT

Tla 0 0 72 Gy x 4
Tlb 0 40 72Gy x 4
T2 20 30 72 Gy x 4
T3 30 20 6.8 Gy x 4
T4 40 10 6.8Gy x 3

Abbreviations: WP = whole-pelvic irradiation; CS = pelvic irradi-
ation with midline block; ICBT = intracavitary brachytherapy.

was based on orthogonal radiographs taken during each individual
application, and the ICRUgp dose was estimated from these films
with a treatment planning system (Plato, Nucletron). A series of
transverse CT images of the pelvis with the applicators inserted
was also obtained in 2.5- or 5-mm steps during the first HDR-
ICBT. Concurrent chemoradiotherapy was administered to 25 of
the patients (40%). Nedaplatin, an analog of cisplatin developed
in Japan, was administered 5 times weekly at 35 mg/m? with
a concurrent EBRT and ICBT.

Calculation of rectal dose

Cumulative DVH was analyzed according to the recommenda-
tions of the GEC-ESTRQ Working Group (7). The rectum was con-
toured from the bottom of the ischial tuberosity to the sigmoid
flexure by using the external wall contour. The minimal dose
received by the 0.1-cc, 1-cc, and 2-cc volumes with the highest irra-
diation (Dy, jccs Dice, and Dy, respectively) was determined. To de-
termine the dose from the combined EBRT (whole pelvic irradiation
dose, excluding the fractions with central shielding) and ICBT, the
total dose (EBRT + ICRT) was calculated as the biologically equiv-
alent dose in 2-Gy fractions (EQD,) using the linear quadratic model
for incomplete sublethal damage repair (8). The equation used to
calculate the EQD, was as follows:

EQDj i = EQDiepgr + EQDyienr = Nd(d + a/8)/(2 + «/8)
+ Ngdg(dg + a/B8)/(2 + a/B)

where N is the fraction number of EBRT (before central shielding),
d is the fractional dose of EBRT, Ny is the fraction number of HDR-
ICBT, and dp is the fractional dose of HDR-ICBT. The values used
for late effects on OARs (i.e. bladder, rectum, and sigmoid colon)
were /8 =3 Gy. For the first HDR-ICRT session, EQD; for ICRUgp
was estimated from the orthogonal radiographs, and EQD, for the
respective DVH parameters was estimated from CT images with
the applicators inserted. For subsequent HDR-ICRT sessions, only
EQD, for ICRUgrp was estimated each time, whereas the DVH
parameters obtained in the first session were reused because no
CT scan was performed.

Follow-up and evaluation of late rectal complications

The patients were followed up by gynecologic and radiation
oncologists on an outpatient basis every month in the first year,
every 2 months in the second year, every 3 months in the third
year, every 4 months in the fourth year, every 6 months in the fifth
year, and annually thereafter until 10 years after treatment. Each fol-
low-up examination included collection of clinical history; a physi-
cal examination comprising abdominal, pelvic bimanual and
speculum examinations; and a Pap smear from the vaginal vault
or uterine cervix. The method for the grading of rectal complications
has been described previously (3). Grade 1 toxicity refers to minor
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Table 2. Mean value of ICRUgp or dose—volume parameters
according to rectal bleeding

Mean dose + SD (Gy, 4 3)

Variable Overall Bleeding (-)  Bleeding (+) p*

ICURgp 69 £ 17 64 £ 17 83 £ 20 <0.001
Do 72 £16 68 £ 15 85+ 14 <0.001
D 82 +2 76 £ 15 98 + 19 <0.001
Do.jee 117 £ 49 107 + 47 145 £ 41 0.004

Abbreviation: ICRUgp = International Commission on Radiation
Units and Measurements Report 38 rectal reference point; D,
Diee, Dp 1ec = minimum dose received by the 2-cm?, 1-cm?, and
0.1-cm’ volumes with the highest irradiation, respectively.

* Student’s ¢ test.

symptoms requiring no treatment; Grade 2 to symptoms responding
to simple outpatients management; Grade 3 to distressing symptoms
requiring hospitalization for diagnosis, minor intervention, or trans-
fusion; and Grade 4 to fistula formation or the need for major surgi-
cal intervention.

Source strength

Data for the '**Ir source strength were collected on each day of
the HDR-ICBT session, and the average source strength was calcu-
lated over three or four ICBT sessions.

Statistical analysis
The actuarial rate of rectal bleeding was estimated using the Ka-
plan-Meier method, and differences between factors were examined
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with the log-rank test. Student's #-test was used to compare the mean
dose when the rectal bleeding occurred to the mean dose without us-
ing the dose-volume parameters (Daec, Dice, Do.ice) or ICRUgp
data.

RESULTS

Of the 62 patients, 17 (27%) developed late rectal bleed-
ing, including 13 (21%) with Grade 1 toxicity, 2 (3%) with
Grade 2, 0 (0%) with Grade 3, and 2 (3%) with Grade 4.
The median EQD, representing the sum of the EBRT and
HDR-ICRT dose was 65 Gy (range, 22-118 Gy) for
ICRUgp, 71 Gy (range, 29-112 Gy) for D,., 80 Gy (range,
32-150 Gy) for D¢, and 108 Gy (range, 39-285 Gy) for
Dy ice- Differences in the mean EQD, dose for patients
with or without rectal bleeding are shown in Table 2.
Patients with rectal bleeding received a significantly greater
nominal total dose for ICRUgp (p < 0.001), D3ec (p <
0.001), Dy (p < 0.001), and Dg ;. (» = 0.004). The patients
were divided into low-EQD, (<median dose) and high-
EQD, (=median dose) groups. The actuarial rectal bleeding
rate for each group is shown in Fig. 1. The 2-year rectal
bleeding rates for the low-EQD, and high-EQD, groups
were, respectively, 12% and 47% for ICRUgp, 15% and
44% for Dy, 12% and 47% for Dy, and 8% and 51%
for Dg 1cc. The high-EQD, group had a significantly greater
rectal bleeding risk for all parameters (ICRUgp, Dace, Dice,
and DO.]cc)-
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Fig. 2. Actuarial rectal bleeding rates for two %roups based on '*Ir
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Patients were also divided into two groups based on the
threshold source strength of 2.4 ¢Gy.m%h™ (the median
source strength was 2.512 cGy.m2h™ with a range of
1.904-4.631 cGy.m2.h™"). The group with the stronger source
strength showed greater rectal bleeding, but the difference
was not statistically significant (15% vs. 34% at 2 years;
p = 0.08), as shown in Fig. 2.

Next, the patients were separated into four groups accord-
ing to the median rectal EQD, and the threshold source
strength of 2.4 cGy.m*h™'; Group 1 (<median dose and
<2.4 cGy.mz.h"), Group 2 (<median dose and =24
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¢Gy.m2.h™"), Group 3 (=median dose and <2.4 ¢Gy.m%h"
1, and Group 4 (=median dose and =2.4 cGy.m2h). The
actuarial rectal bleeding rate for each group is shown in
Fig. 3. There was a significant difference in rectal bleeding
between Group 4 and Groups 1-3 for ICRUgp, Dy, and
D, . For EQD, at Dy ., there was a significant difference
in rectal bleeding between Group 4 and Groups 1 and 2.
Group 4 also had greater rectal bleeding than Group 3, but
the difference was not statistically significant (p = 0.1). The
relationship between the rectal dose and source strength for
each patient is also shown in Fig. 4. Correlation coefficient
analysis showed no significant relationship between rectal
dose and source strength. Both patients with Grade 4 rectal
bleeding were in Group 4. Clinical parameters of patients
who did and did not develop late rectal bleeding were also
compared (Table 3), but there was no significant difference
between the two groups regarding age (<70 vs. =70 years
old), stage (Stage I-II vs. Stage ITI-IV), or concurrent chemo-
therapy (No vs. Yes).

DISCUSSION

In a previous report, we demonstrated that patients with
not only BED =100 Gy; but also an average source strength
of >2.4 ¢cGy.m%h™ showed a comelation with a high inci-
dence of rectal bleeding (5). To our knowledge, this was
the first report to demonstrate the effect of source strength
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Fig. 3. Actuarial rectal bleeding rates for four groups based on the threshold values of the median dose and the source
strength of 2.4 cGy.m2h™". (A) International Commission on Radiation Units and Measurements Report 38 rectal reference

point ICRUgp). (B) Dzcc. (C) Dice. (D) Do.1ce
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and rectal BED on rectal complications after HDR-ICBT in
patients with uterine cervical carcinoma. However, the previ-
ous study had a limitation in that we had defined the rectal
dose as the dose to the lead wire inserted into the rectal lu-
men, which made it difficult to compare our result with those
of other reports. We therefore decided this time to calculate
the rectal dose by using the ICRUgp or GEC-ESTRO DVH
parameters, which are considered to represent generally ac-
cepted dose points or parameters for communicating results
among institutions. For the current study, the establishment

Table 3. Correlation of clinical factors with rectal bleeding

Rectal bleeding, n (%)

Factor Patients, n No Yes p*
Age (y) ‘ 0.85
<70 32 24 (75) 8 (25)
=70 30 21 (70) 9 (30)
Local stage 0.89
I-11 37 26 (70) 11 30)
-1V 25 19 (76) 6 (24)
CCRT 0.17
No 37 29 (78) 8(22)
Yes 25 16 (64) 9 (36)

Abbreviation: CCRT = concurrent chemoradiotherapy.
* Log-rank test.

of four groups of patients by using threshold levels for the
rectal dose (= or <median dose) and source strength (= or
<24 ¢Gy.m*h') showed that patients with values above
the respective thresholds experienced a significantly greater
frequency of rectal bleeding than did other patients. It should
be noted that patients with a rectal median dose above the
threshold did not show a greater frequency of rectal bleeding
unless the source strength exceeded 2.4 ¢cGy.m”.h™'. These re-
sults are in agreement with those reported by the previous
study. These findings together suggest that rectal bleeding
is affected not only by rectal dose but also by 1921r source
strength during HDR-ICRT.

Figure 2 shows that the source strength is not the only
prognostic factor for rectal bleeding (p = 0.08). For Dy j¢c
(which would correspond to the maximal dose as determined
by X-ray-based planning), there was no significant differ-
ence in rectal bleeding between Group 4 (=median dose
and =24 ¢cGy.m*>h™) and Group 3 (=median dose and
<2.4 ¢Gy.m>.h™") (Fig. 3). These data indicate that the rectal
dose is a more powerful prognostic factor for rectal bleeding
than is the source strength.

In our previous study, the rectal dose was calculated as the
BED by combining the EBRT and the HDR dose. In the cur-
rent study, rectal dose is shown as the EQD, dose for reasons
of simplicity and to allow for correlation with standard low-
dose-rate (LDR) doses. The median EQD, values were 65 Gy
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for ICRUgp and 71 Gy for D5, which correspond to a BED
Gy; of 107 Gy and 119 Gy, respectively. These values are
a little higher than those of our earlier results using data ob-
tained by inserting a lead wire into the rectal lumen (with
amedian BED of 101.5 Gys), because the lead wire in the lu-
men tends to separate from the rectal wall and thus to result in
underestimation of the rectal wall dose as confirmed in the
cohort of the present study (data not shown).

These days, conventional ICRUgp is not always considered
to be the best predictor of rectal dose (9). However, there are
a few reports of ICRUgp correlating well with Dy in a CT-
based DVH analysis (10, 11). Additionally, GEC-ESTRO
has recommended both ICRUgp and DVH parameters for
recording and reporting because the correlation between
dose—volume relations and dose—volume effect has scarcely
been investigated (7). We therefore decided to analyze rectal
dose by using both ICRUgp and CT-based DVH parameters.
Many studies using ICRUgp (12, 13) or DVH parameters in
HDR-ICBT have indicated that a higher rectal dose is signifi-
cantly related with rectal bleeding. Noda et al. (14), using
a CT-based rectal mucosal point dose, showed that a rectal
BED =140 Gy, was associated with a significantly greater fre-
quency of rectal complications, and Koom et al. (15) found that
several DVH parameters obtained from three-dimensional CT-
based treatment planning or ICRUgp are significantly associ-
ated with endoscopic scoring of mucosal changes in the rectum.
However, these reports of CT-based DVH analysis results
show only the relationship between rectal dose and rectal bleed-
ing but do not deal with the power of the source.

The dose-rate effect has been analyzed in several LDR
studies, which have shown that a higher dose—rate is associ-
ated with a higher incidence of late morbidity (16, 17). There-
fore, we hypothesized that a higher dose-rate is also
correlated with a higher incidence of rectal bleeding in '**Ir
HDR-ICBT. However, it is difficult to evaluate the dose—
rate effect in '*?Ir HDR-ICBT compared with LDR-ICBT be-
cause the '*?Ir source has a short half-life (about 74 days) and
attenuates rapidly during the treatment period (intra- or inter-
fraction). In as much as the strength of the source is thought to
affect the dose—rate, the '**Ir source strength was measured
on each day of the HDR-ICBT session, and the average
source strength was calculated over three or four sessions
as an indicator of the dose-rate.

The dose-rate effect at HDR is thought to be smaller than
that at LDR because there is little impact of sublethal damage
repair. However, the dose-rate effect at HDR is more compli-

cated than at LDR because fractionation compensates for the
relative lack of protection of late-responding normal tissues.
An effect of dose—rate in HDR brachytherapy has been found
in radiobiologic models (18, 19). Manning ef al. (18) esti-
mated the dose—rate effect using a single-plane template
model, with examination of variability in dose-rate in bra-
chytherapy performed with an HDR stepping source. Differ-
ent late adverse effects were found between the relatively
uniformly irradiated central zone of the template and the het-
erogeneously irradiated peripheral zone. The model also
showed pronounced dependence on source strength, espe-
cially in cells of late-responding tissues with short repair
times. In HDR treatment of cervical carcinoma using a step-
ping source, the instant dose-rate at each stepping point
(dwell point) changes dramatically during the time course
of irradiation. A peripheral location of the applicator, such
as the rectal wall, may provide irradiation at an ultra-high
dose-rate. Positioning of the source at the ovoid apex is likely
to provide a higher dose—rate and a higher source strength,
and it is likely to be associated with a late rectal effect.

One weakness of this study is that CT scans after insertion
of an applicator were obtained only during the first HDR-
ICRT session. However, the occurrence between sessions
of substantial changes in the spatial relationship of the appli-
cator relative to target structures and OARs have been dem-
onstrated (20, 21), and these findings indicate the importance
of individual treatment planning for each fraction. Examina-
tion of pelvic CT images for every ICBT session would allow
precise calculation of dose parameters, but this approach
would be time consuming and not cost effective in actual
practice. The GEC-ESTRO group has provided recommen-
dations for target delineation using. MRI-contoured volumes
(6, 7). MRl is superior to CT for imaging the normal anatomy
of the female pelvis and for identifying the extent of cervical
carcinoma, but we were unable to perform MRI scans during
ICBT because of the lack of an MRI-specific applicator. Vis-
wanathan et al. (22) reported that CT tumor contours can
overestimate the tumor volume but that there were no signif-
icant differences between CT and MRI in terms of volumes or
doses to the OARs. We therefore believe that CT-based con-
touring is adequate for DVH analysis of OARs.

In conclusion, this is the second report on evaluation of the
effect of '’Ir source strength on rectal bleeding in patients
undergoing HDR-ICRT. Qur results show that both rectal
dose and source strength affect rectal bleeding after HDR-
ICRT using ICRUgp and CT-based DVH parameters.
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Details of recurrence sites after elective nodal irradiation (ENI) using
3D-conformal radiotherapy (3D-CRT) combined with chemotherapy for thoracic
esophageal squamous cell carcinoma - A retrospective analysis
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ARTICLE INFO ABSTRACT

Purpose: To describe patterns of recurrence of elective nodal irradiation (ENI) in definitive chemoradio-
therapy (CRT) for thoracic esophageal squamous cell carcinoma (SqCC) using 3D-conformal radiotherapy.
Methods and materials: One hundred and twenty-six consecutive patients with stages I-IVB thoracic
esophageal SqCC newly diagnosed between June 2000 and July 2009 and treated with 3D-CRT in our
institution were recruited from our database. Definitive CRT consisted of two cycles of nedaplatin/5FU
repeated every 4 weeks, with concurrent radiation therapy of 50-50.4 Gy in 25-28 fractions. Until com-
pletion, radiotherapy was delivered to the N1 and M1a lymph nodes as ENI in addition to gross tumor
volume.
Results: All 126 patients were included in this analysis, and their tumors were staged as follows: T1/T2/
T3/T4, 28/18/54/26; NO/N1, 50/76; MO/M1a/M1b, 91/5/30. The mean follow-up period for the 63 surviv-
ing patients was 28.3 (+22.8) months. Eighty-seven patients (69%) achieved complete response (CR) with-
out any residual tumor at least once after completion of CRT. After achieving CR, each of 40 patients
experienced failures (local = 20 and distant = 20) and no patient experienced elective nodal failure with-
out having any other site of recurrence. The upper thoracic esophageal carcinoma showed significantly
more (34%) relapses at the local site than the middle (9%) or lower thoracic (11%) carcinomas. The 2-year
and 3-year overall survival was 56% and 43%, respectively. The 1-year, 2-year and 3-year disease-free sur-
vival was 46%, 38% and 33%, respectively.
Conclusions: In CRT for esophageal SqCC, ENI was effective for preventing regional nodal failure. The
upper thoracic esophageal carcinomas had significantly more local recurrences than the middle or lower
thoracic sites.
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[2], in which 50.4 Gy was administered to the radiation field with
superior and inferior borders of 5 cm beyond the primary tumor
followed by a cone down of 14.4 Gy to the primary tumor with
2-cm proximal and distal margins. Unfortunately, no apparent
benefit was obtained and the treatment related death was even

Concurrent chemoradiotherapy (CCRT) is well established as a
standard approach to treat locally advanced esophageal cancer
[1-3]. It has shown results of a 2-year local control rate of 55%
and a 5-year survival rate of 25%, accompanied with severe ther-
apy-induced side effects. Herskovic et al. [1] reported that the rates

of severe and life-threatening side effects were 44% and 20%,
respectively. A 2% death rate was observed to be iatrogenic as well.

Based on the results of RTOG 85-01 [1], CCRT has been broadly
applied as a standard management for patients with inoperable
esophageal cancer. In this study, 30 Gy was given to the whole
esophagus followed by a cone down of 20 Gy to the primary tumor
with 5-cm proximal and distal margins. However, the loco-regional
failure and life-threatening side effects were as high as 50% and
20%, respectively. Therefore, the RTOG 94-05 trial was conducted
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higher. This may be interpreted that the superior and inferior bor-
ders of 5cm beyond the primary tumor did not cover high-risk
sub-clinical metastatic areas. Recently, Zhao et al. [4] evaluated
the appropriate target volumes in radiotherapy-alone of 68.4 Gy
in 41 fractions using late-course accelerated hyperfractionated
three-dimensional conformal radiotherapy (3D-CRT) for esopha-
geal squamous cell carcinoma (SqCC) and concluded that the omis-
sion of elective nodal irradiation (ENI) was not associated with a
significant amount of failure in lymph node (LN) regions not in-
cluded in the planning target volume (PTV).

Since the early 1980s, Japanese surgeons have practiced 3-field
regional LN dissections for esophageal cancer [5,6]. There are some
reports indicating that prophylactic 3-field LN dissections for
esophageal cancer can lead to an improved survival [7,8]. In



