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Abstract

Background: As stereotactic body radiotherapy (SBRT) is a highly dose-dense radiotherapy, adverse events of
neighboring normal tissues are a major concern. This study thus aimed to clarify the frequency and degree of

clinical symptoms in patients with rib fractures after SBRT for primary lung cancer and to reveal risk factors for rib
fracture. Appropriate o/ ratios for discriminating between fracture and non-fracture groups were also investigated.

Methods: Between November 2001 and April 2009, 177 patients who had undergone SBRT were evaluated for clinical
symptoms and underwent follow-up thin-section computed tomography (CT). The time of rib fracture appearance was
also assessed. Cox proportional hazard modeling was performed to identify risk factors for rib fracture, using
independent variables of age, sex, maximum tumor diameter, radiotherapeutic method and tumor-chest wall distance.
Dosimetric details were analyzed for 26 patients with and 22 randomly-sampled patients without rib fracture.
Biologically effective dose (BED) was calculated with a range of o/B ratios (1-10 Gy). Receiver operating characteristics
analysis was used to define the most appropriate o/f ratio.

Results: Rib fracture was found on follow-up thin-section CT in 41 patients. The frequency of chest wall pain in patients

with rib fracture was 34.1% (14/41), and was classified as Grade 1 or 2. Significant risk factors for rib fracture were
smaller tumor-chest wall distance and female sex. Area under the curve was maximal for BED at an o/ ratio of 8 Gy.

Conclusions: Rib fracture is frequently seen on CT after SBRT for lung cancer. Small tumor-chest wall distance and
female sex are risk factors for rib fracture. However, clinical symptoms are infrequent and generally mild. When using
BED analysis, an a/f ratio of 8 Gy appears most effective for discriminating between fracture and non-fracture patients.
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Background

Stereotactic body radiotherapy (SBRT) has emerged as a
new treatment for stage I lung cancer. Various articles
have reported promising treatment effects [1-6]. SBRT
has now come to be applied not only to medically in-
operable patients, but also to operable patients. In the
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near future, SBRT may become feasible as an alternative
to surgery for stage I non-small lung carcinoma.
Posttreatment sequelae represent an important aspect
of treatment that should always be taken into account
when choosing treatment options. As SBRT is an ex-
tremely dose-dense therapy, very high doses are received
by normal structures adjacent to the irradiated tumor.
Various unpredictable adverse events may thus arise
after SBRT. Several studies have reported complications
related to SBRT for lung cancer, including radiation
pneumonitis [7] and chest wall injuries such as rib frac-
ture [8-10]. The reported frequencies of rib fracture after
SBRT are generally higher than those associated with
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other methods of radiotherapy, such as tangential breast
irradiation in breast-conserving therapy. However, the
reported frequencies differ widely among investigators.
We speculated that such discrepancies might be largely
attributable to differences in the methods used to obtain
the frequencies, with authors calculating frequencies
based on symptomatic patients tending to report lower
frequencies than using follow-up computed tomography
(CT). That is, a substantial number of patients with rib
fracture appear asymptomatic. If an adverse event often
proves asymptomatic, clinicians should not overemphasize
the risks.

The present study therefore aimed to clarify the fre-
quency and degree of clinical symptoms in patients with
rib fracture and related chest wall injuries found on
follow-up CT after SBRT. In addition, we tried to identify
the threshold biologically effective dose (BED) for rib frac-
ture after SRT and risk factors for rib fracture.

Metheds

All study protocols including chart review were approved
by the institutional review board, and written informed
consent was obtained from each patient for both SBRT
and participation in this investigation of SBRT-related rib
fracture. Clinical symptoms and imaging findings were
investigated prospectively, while dosimetric details were
reviewed retrospectively.

Patients

Between November 2001 and April 2009, a total of 210
patients with primary non-small cell lung carcinoma
underwent SBRT as the first treatment with a curative
intent in our institution. Of these, 177 patients agreed to
participate in this study. The remaining 33 patients did
not participate because they were unable to visit our
hospital as required in the schedule defined in the study
protocol.
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Radiotherapeutic methods
SBRT was performed using noncoplanar dynamic arcs or
multiple static ports. A total dose of 48-70 Gy at the iso-
center was administered in 4—10 fractions at the minimum
dose point in the planning target volume (PTV) using a
6-MV X-ray, comprising three different methods: 48 Gy/4
fractions; 60 Gy/10 fractions; and 70 Gy/10 fractions
(Table 1). The border of the PTV was almost on the 80—
85% isodose line of the global maximum dose in the PTV.
After adjusting the isocenter of the PTV to the
planned position with a unit comprising a CT scanner
and linear accelerator, irradiation was performed under
patient-controlled breath-holding and gated radiation
beam switching.

Follow-up of patients

Every patient was basically asked to visit our clinic at 3
and 6 months after the completion of radiotherapy, and
every 6 months thereafter. At every visit, a thorough
examination was performed, consisting of inquiry focusing
on pain at the chest wall near the irradiated tumor and re-
spiratory symptoms, physical examination by an attending
radiation oncologist, blood testing, and CT. Clinical symp-
toms considered related to chest wall injury after SBRT
were graded according to the criteria for pain in Common
Terminology Criteria for Adverse Events, version. 3. Chest
radiologists interpreted the results of CT just after the
examinations. If the patient complained of pain, analgesics
were prescribed as appropriate.

CT examination

Preradiotherapeutic and follow-up CT were performed
using a 16 multidetector row scanner (Aquilion 16;
Toshiba Medical Systems, Otawara, Japan). The para-
meters for CT were as follows: peak voltage, 120 kVp; tube
rotation time, 0.5 second; slice collimation,1.0 mm (identi-
cal to reconstruction slice thickness and slice interval);

Table 1 Characteristics of the 177 primary lung cancer patients and the tumors

Lung cancer patients (n=177)

Mean age (range)

Gender (male: female)

Pathology of the tumor (Ad: SCLC: SCCsspindle cell carcinoma®: unspecified**:unknown***)

Tumor diameter (average + standard deviation)
Tumor-chest wall distance (median)

**Range of follow-up pericd (median)

Method of radiotherapy (48 Gy/4fr:60Gr/10fr:70Gr/10fr)

BED;, of the isocenter (median)

773+7.0 (55-92)
132:45

89:7:47:1:9:24

8-55 mm(30.0£9.1)
0-53 mm(6)

6-95 months (23)
95:45:37

96-119 Gy (105.6)

Abbreviations: Ad = adenocarcinoma, SCLC= small cell lung cancer, SCC=squamous cell carcinoma, BED = biologically effective dose.
*Suspicious of pleomorphic carcinoma, but a definitive diagnosis was not made because of needle biopsy.

**unspecified” indicates pathologically definitive non-small cell lung carcinoma, but unspecified for the subtype.

**unknown” indicates clinically highly suspicious for lung cancer but no pathology obtained.
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and beam pitch, 0.94. Tube currents were determined by
an automatic exposure control in the CT machine and the
tube current showing actual range of 110-400 mA.
Contrast-enhanced CT was performed in 116 patients
(67.1%) after unenhanced CT.

Data were reconstructed into 5-mm sections. Thin-
section CT (slice thickness, 1 mm) was also produced for
the regions that included the tumor or radiation-induced
opacities targeting the affected lung.

Preradiotherapeutic CT was performed within 1 month
before SRT, while follow-up CT was performed at 3 and
6 months and every 6 months thereafter.

Methods of CT evaluation

Serial follow-up CT was evaluated regarding the presence
or absence of rib fractures and chest wall edema near the
irradiated tumor in addition to routine radiological assess-
ment by either of two board-certified chest radiologists at
our clinic. Rib fracture was defined as a disruption of cor-
tical continuity with malalignment. Distance between the
tumor and chest wall (tumor-chest wall distance) was also
measured on preradiotherapeutic CT. The time at which
each finding first appeared after the completion of SBRT
was reviewed later. Presence or absence of pulmonary em-
physema and maximum transverse diameter of the tumor
were also assessed on pre-radiotherapeutic CT.

Evaluation of dosimetry

Among the 177 patients, dosimetric details were avail-
able for review in 26 patients with rib fracture and 22
patients without rib fracture (Figure 1A). Patients with-
out fracture were randomly sampled among those with
no evidence of fracture on CT for >30 months. We set
this period as a cut-off point as most rib fractures after
SRT in this series had occurred within 30 months after
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completion of SBRT. We were unable to obtain dosimet-
ric data for the remaining patients because of break-
down of the data during the review of dosimetry. At the
point that had received the maximum dose in the chest
wall consisting of parietal pleura, ribs and intercostal
muscles, BED was calculated in each case using a range
of a/f ratios (1-10 Gy), to clarify which a/p ratio was
most effective for evaluating the risk of rib fracture.

Data analysis

First, we calculated the incidence of rib fracture after
SBRT on follow-up CT in the given follow-up periods of
the patients. Incidence of rib fracture was also assessed in
relation to tumor-chest wall distance, and the time of rib
fracture appearance was evaluated. Incidence of rib frac-
ture was also estimated by using a Kaplan-Meier method.

Second, we calculated the frequency of clinical symp-
toms in patients with and without rib fractures.

Third, Cox proportional hazard model was used to iden-
tify risk factors associated with rib fracture after SBRT.
The independent variables tested comprised age, sex,
maximum tumor diameter, radiotherapeutic method, and
tumor-chest wall distance, for which the proportionalities
of hazards had been confirmed using a Kaplan-Meier
method. As there were three radiotherapeutic methods,
we used two dummy variables to represent them.

Fourth, receiver operating characteristic (ROC) ana-
lysis was undertaken for maximum BED of the chest
wall at each a/p ratio. For BED at the a/f ratio that pro-
vided the largest area under the curve, we calculated the
cut-off dose that most effectively differentiated between
fracture and non-fracture patients. This was regarded as
the dose at the point closest in rectilinear distance on
the ROC curve to point 1.0 on the vertical axis, where
both sensitivity and specificity become 1.0.

r

A

B
Figure 1 An 86-year-old woman with adenocarcinoma after SRT. A) Dosimetry overlaying CT with a bone window shows the maximum

prescribed dose to the chest wall as 63 Gy, with a3 BED; of 233.2 Gy. The site of rib fracture later is indicated by a black elliptical cercle.
B} Rib fracture was noted at 24 months after completion of SRT. Amorphous osteosclerosis is also seen (arrow).
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Table 2 Appearance times and frequencies of the rib fractures and chest wall edema

Appearance time

Frequency in fracture Frequency in non-fracture

ranges group (n=41) group (n=136)
Rib fractures 4-58 41 (100)* 0(0)
Chest wall edema 2-57 35 (854) 10 (7.4)

*The numbers in the parentheses in the frequencies of findings are percentages.

Fifth, we evaluated the correlation between the timing
of rib fracture appearance and BED at the o/f ratio
defined above in the 26 patients with rib fracture using
Pearson’s correlation coefficient.

Values of p <0.05 were considered significant in all
analyses. All statistical analyses were performed using
IBM SPSS Statistics version 18 software (IBM, New
York, USA).

Results

Patient demographics

Patient demographics and tumor characteristics are
summarized in Table 1. Local control rates were 91% at
1 year and 83% at 3 years (detailed data not shown).

Incidence of rib fractures after SRT

Incidence of rib fracture was 23.2% (41/177) at a median
follow-up period of 33 months (range, 24—94 months)
(Figure 1). When the tumor-chest wall distance was <25
mm, the incidence was 27.8% (41/148). The frequency
of rib fracture rose to 31.3% for a distance of <16 mm
(41/131). No patients with a distance >16 mm deve-
loped a rib fracture. When the distance was 0, the fre-
quency of rib fracture was 36.7% (22/60). Kaplan-Meier
method estimated the incidence to be 27.4% at 24 months.

Time-to-event for rib fracture and chest wall edema
Durations to rib fracture and other related findings are
summarized in Table 2. Three patients showed rib frac-

tures 230 months after completion of SBRT, at 37, 53 and
58 months.

Chest wall edema was seen in 45 of 177 patients (25.4%),
arising at a mean of 12 months (range, 2-57 months)
(Figure 2), and appearing as asymmetrical swelling of the
ipsilateral chest wall with low attenuation areas compared
to the contralateral side.

Symptoms of rib fracture

Clinical symptoms in patients with rib fracture and with-
out rib fracture are summarized in Table 3. No patients
complained of Grade 3 or more symptoms. Four patients
without rib fractures complained of Grade 1 chest wall
pain with all 4 cases showing radiological evidence of
chest wall edema. In the study population as a whole,
the frequency of chest wall pain was 21.5% (38/177).
Among patients with peripheral tumors that had a tumor-
chest wall distance <25 mm, the frequency of chest pain
was 25.7%.

Risk factors of rib fracture after SBRT

The results of Cox proportional hazard modeling are
summarized in Table 4. Tumor-chest wall distance and
sex were significant risk factors for rib fracture.

Area under the curve ranged from 0.781 to 0.865 and
was largest for an o/ ratio of 8 Gy (BEDg). A BEDg
value of 115.0 Gy was the most discriminative value be-
tween fracture and non-fracture patients, yielding 73%
sensitivity and 91% specificity. The lowest BEDg that
resulted in rib fracture was 91.1 Gy. BEDg did not

Figure 2 A 64-year-old man with adenocarcinoma after SRT. A) At 3 months after completion of SRT, contrast-enhanced CT shows

suspicious findings in the left chest wall, such as slight asymmetry and indistinct intermuscular fat planes (arrows). B) At 15 months after SRT,
contrast-enhanced CT shows definitive chest wall edema, evidenced by swelling of the left chest wall with an area of low attenuation (arrows).
No rib fracture was seen at this time.
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Table 3 Frequency and degree of chest wall pain
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Degree of pain*

Fracture group (n=41)

Non-fracture group (n=136)

Grade 0 27 (65.9)**
Grade 1 7(17.1)
Grade 2 7(17.1)
Grade 3 and 4 0(0)

132 (97)
4Q3)
0(0)
0

*The degree of chest wall pain was evaluated according to Common Terminology Criteria for Adverse Events, Ver. 3.

*¥The numbers in the parentheses are percentages.

correlate significantly with the timing of rib fracture ap-
pearance (r = -0.362, p = 0.070).

Discussion

The frequency of rib fracture was 23.2% in our series. In
Kaplan-Meier method, it was estimated to be 27.4% at
24 months after the SBRT. Reported frequencies of rib
fracture after SBRT differ markedly among investigations,
ranging from 3% to 21.2% [8-10]. Our result is closest to
that described by Petterson et al., who reported the high-
est frequency of 21.2% by examining the results of follow-
up CT [9]. We speculate that these discrepancies between
studies are mainly attributable to differences in the me-
thods of estimating frequency. Both Petterson, et al. and
the present study obtained the frequency using follow-up
CT, whereas other investigations have determined fre-
quencies by confirming the presence of rib fracture on
chest radiographs in patients complaining of chest pain.
That is, asymptomatic patients with rib fracture may
largely account for these discrepancies. In fact, only 34.1%
of patients with rib fractures displayed clinical symptoms
in our series. Differences in follow-up period, method of
SRT and proportion of tumors close to chest wall may
have also contributed to the discrepancies.

The frequency of chest wall pain was 21.5% (38/177) in
our series. When confined to patients with a tumor-chest
wall distance <25 mm, the frequency was 25.7%. Dunlap
et al. observed that 17 of 60 patients (28%) with a periph-
eral tumor <2.5 cm from the chest wall had Grade 3 pain
and another 3 patients (5%) had Grade 1 or 2 pain in the
median follow-up period of 11.1 months. Frequency of
chest wall pain in total was 33% in that series, higher than

Table 4 Results of Cox proportional hazard model analysis

the present study (25.7%) despite the fact that the median
follow-up period in that study was much shorter than that
in the present study. Furthermore, Grade 3 pain was
present in a higher proportion of the subjects in their
study, compared to our investigation. We speculate that
this difference is mainly due to differences in radiotherapy.
BEDs at the isocenter seem much higher with the method
applied by Dunlap et al.

Rib fracture is considered a common adverse event on
CT after SBRT for lung cancer. However, the frequency
of chest wall pain in patients with rib fracture was only
34.2%. Furthermore, pain was generally mild and usually
controllable using non-opioid analgesics in our series.
Reducing a prescribed dose to avoid rib fracture to such
a degree the tumor may be unsatisfactorily irradiated is
not justified, but using more fractions with reduced dose
might help to avoid adverse events. Also, it should also
be noted that the frequency and degree of chest wall
pain are greatly dependent on the total dose or fractions.
Our BED;q at the isocenter ranged from 96 to 119 Gy,
which may be one of the safe ranges in terms of avoiding
adverse events.

Little is known about the mechanisms by which pain is
induced in chest wall injury. As most symptomatic patients
had rib fracture in our series, fracture pain would be a
plausible contributing factor. An animal study suggested
that activation of nociceptors by mechanical stimulation or
an influx of hematological and inflammatory cells into the
fracture site is responsible for the pain related to fracture
[11]. In contrast to rib fractures caused by trauma, those
after SBRT are considered to involve a relatively chro-
nic process and usually do not involve external force.

Independent valuable P value Hazard ratio 95% confidence interval
Tumor-chest wall distance (mm) <0.0001 0.858 0.801-0.920
Age 0.713 0.990 0.937-1.045
Gender* 0.002 3.172 1.503-6.695
Maximum diameter of the tumor 0.754 0.994 0.955-1.034
Radiotherapeutic method 48 Gy or not 0.829 0911 0.391-2.122
Radiotherapeutic method 60 Gy or not 0.087 0454 0.184-1.121

*The hazard ratio for gender is represented as the hazard of women divided by that of men.
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Nociceptors might thus be less likely to be mechanically
irritated, particularly in non-weight-bearing bones like ribs.
In addition, radiation-induced microcapillary injury may
hamper recruitment of inflammatory cells at the site of
fracture in the chronic stage, which in turn may also result
in less pain.

Four patients without rib fracture complained of Grade
1 pain. These patients showed evidence of chest wall
edema on follow-up CT. Chest wall inflammation or con-
traction of the tissue due to fibrosis, which could irritate
nerves, could be another factor contributing to chest wall
pain.

Cox proportional hazard analysis showed that smaller
tumor-chest wall distance and female sex were inde-
pendent risk factors for rib fracture after SBRT while
age, maximum diameter of the tumor and,radiothera-
peutic method were not statistically significant risk fac-
tors. When tumor-chest wall distance decreased by
1 mm, risk of rib fracture increased by a factor of 1.153.
This result is unsurprising, given that as the distance
decreases, the chest wall becomes more likely to receive
a high dose of radiation. In terms of sex differences, post-
menopausal women are well-known to have a higher risk
of osteoporosis due to decreased bone mineralization
compared with men. As women in our study population
were 255 years old, this effect most likely explains the
higher likelihood of fracture in women.

ROC analysis suggested that when using BED analysis,
an afp ratio of 8 Gy was most effective for discriminat-

ing between fracture and non-fracture patients. The a/p -

ratios for late bone damage were estimated to be within
the range of 1.8-2.8 Gy, similar to those reported for
other late-responding normal tissues [12]. Our results
appear to contradict those of previous reports. However,
it remains unclear whether the linear-quadratic model is
adaptable to hypofractionated high-dose radiotherapy,
such as SBRT to the lung. In addition, we used thin-
section CT, which is deemed as the most sensitive and
specific examination for evaluating rib fracture. This may
also partly account for the discrepancy. Our results might
suggest that another model is required to estimate risks of
rib fracture in SBRT.

No patients with BEDg <91.1 Gy developed rib fracture.
Although 91.1 Gy as a maximum BEDjg for the chest wall
might suggest threshold values for rib fracture, validation
studies with a larger number of patients are required.

BEDg did not correlate significantly with the timing of
rib fracture appearance. However, we still cannot conclude
that radiation dose is unrelated to the timing of rib frac-
ture appearance, as the number of patients evaluated was
too small to reach a definitive conclusion.

Several limitations to the present study must be consi-
dered. First, for BED; of the chest wall, not all cases from
the study population were sampled. However, we believe
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that our random sampling method provided a clear and
concise reference value, which would offer a benchmark
when considering risk of rib fracture in clinical practice.
Second, although we defined the non-fracture group as
cases free from rib fracture for >30 months after SBRT, a
few cases developed rib fractures after 30 months. In
addition, there is still a possibility of second peak in the
timing of rib fracture occurrence beyond our follow-up
periods. Additional cases in the non-fracture group might
develop rib fractures in the future and thus should be
included in the fracture group. This issue may have
affected our results. Third, we estimated the time at which
rib fractures and other related findings appeared as that
time at which these findings were first seen on follow-up
CT. However, these events would actually have occurred
within the intervals from the previous follow-up CT. The
present study should thus be considered to have overesti-
mated the durations to such events. Fourth, exclusion of
the 33 patients who did not participate in this study may
have affected our results. However, we think that this is
relatively unlikely, given that the reason for nonparticipa-
tion was that these patients were unable to visit our hos-
pital periodically, which was considered unrelated to the
frequency of adverse events.

Finally, methods of SBRT for lung cancer have yet to be
standardized. In fact, our radiotherapy methods varied
considerably during the period of this study. Our results
therefore cannot simply be applied to patients in other
institutions.

Conclusions

Rib fracture is seen with high frequency on follow-up CT
after SBRT to lung cancer. Risk factors for rib fracture after
SBRT include short tumor-chest wall distance, female sex
and presence of pulmonary emphysema. Clinical symptoms
are infrequent and mild. When using BED analysis, an «/f
ratio of 8 Gy was most effective for discriminating between
fracture and non-fracture patients. However, our study was
a pilot study, and thus a larger study will be required to
malke definitive conclusions.

Competing interests
We have no competing interests in conducting this study and writing this
paper.

Authors’ contributions

AN did image interpretation and statistical analyses and drafted the manuscript.
HO gathered the clinical data, supervised this study and edited this paper. SA
gathered the clinical data and recalculated the dosimetry data. LT gathered the
clinical data and investigated the relationship between radiation dose and
occurrence of rib fracture. KK, MA, RS, YM, TK and KM gathered the dlinical data.
TK investigated the relationship between the clinical symptoms and rib fractures.
ES interpreted the CT images. TA supervised this study.

Author details

'Department of Radiology, University of Yamanashi, Chuo City, Yamanashi
Prefecture, Japan. 2Current institution: Department of Radiology, Teikyo
University School of Medicine University Hospital, Mizonokuchi, Kawasaki



Nambu et al. BMC Cancer 2013, 13:68
http://www.biomedcentral.com/1471-2407/13/68

City, Kanagawa Prefecture, Japan. *Department of Radiology, Kofu Municipal
Hospital, Kofu City, Yamanashi Prefecture, Japan. “Department of Radiology,
Yamanashi Prefectural Central Hospital, Kofu City, Yamanashi Prefecture,
Japan.

Received: 30 April 2012 Accepted: 4 February 2013
Published: 7 February 2013

References

1. Onishi H, Araki T, Shirato H, Nagata Y, Hiraoka M, Gomi K, Yamashita T, Niibe
Y, Karasawa K, Hayakawa K, Takai Y, Kimura T, Hirokawa Y, Takeda A, Quchi
A, Hareyama M, Kokubo M, Hera R, Itami J, Yamada K Stereotactic
hypofractionated high-dose irradiation for stage | nonsmall cell lung
carcinoma: clinical outcomes in 245 subjects in a Japanese
multiinstitutional study. Cancer 2004, 10:1623-1631.

2. Nagata Y, Takayama K, Matsuo Y, Norihisa Y, Mizowaki T, Sakamoto T,
Sakamoto M, Mitsumori M, Shibuya X, Araki N, Yano S, Hiraoka M: Clinical
outcomes of a phase /Il study of 48 Gy of stereotactic body
radiotherapy in 4 fractions for primary lung cancer using a stereotactic
body frame. Int J Radiat Oncol Biol Phys 2005, 63:1427-1431.

3. Nyman J, Johansson KA, Hultén U: Stereotactic hypofractionated
radiotherapy for stage | non-small cell lung cancer-mature results for
medically inaperable patients. Lung Cancer 2006, 51(1:97-103.

4. Fritz P, Kraus HJ, Blaschke T, Miihinickel W, Strauch K, Engel-Riedel W,
Chemaissani A, Stoelben E: Stereotactic, high single-dose irradiation of
stage | non-small cell lung cancer (NSCLC) using four-dimensional CT
scans for treatment planning. Lung Cancer 2008, 60:193-195.

5. Haasbeek CJ, Lagerwaard FJ, de Jaeger K, Slotrnan 8J, Senan S: Outcomes
of stereotactic radiotherapy for a new clinical stage | lung cancer arising
postpneumonectomy. Cancer 2009, 115:587~594.

6. Onishi H, Shirato H, Nagata Y, Hiraoka M, Fujino M, Gomi K, Karasawa K,
Hayakawa K, Niibe Y, Takai ¥, Kimura T, Takeda A, Ouchi A, Hareyama M,

- Kokubo M, Kozuka T, Arimoto T, Hara R, ltami J, Araki T: Stereotactic Body
Radiotherapy (SBRT) for Operable Stage | Non-Small-Cell Lung Cancer:
Can SBRT Be Comparable to Surgery? int J Radiat Oncol Bicl Phys 2010,
Epub zhead of print.

7. Takeda A, Ohashi T, Kunieda E, Enomoto T, Sanuki N, Takeda T, Shigematsu
N: Early graphical appearance of radiation pneumonitis correlates with
the severity of radiation pneumonitis after stereotactic body
radiotherapy (SBRT) in patients with lung tumors. Int J Radiat Oncol Bio!
Phys 2010, 77:685-690.

&  Dunlap NE, Cai J, Biedermann GB, Yang W, Benedict SH, Sheng K, Schefter
TE, Kavanagh BD, Larner JM: Chest wall volume receiving >30 Gy predicts
risk of severe pain and/or rib fracture after lung stereotactic body
radiotherapy. Int J Radiat Oncol Biol Phys 2010, 76:796-801.

9. Pettersson N, Nyman J, Johansson KA: Radiation-induced rib fractures after
hypofractionated stereotactic body radiation therapy of non-small cell
lung cancer: a dose- and volume-response analysis. Radiother Oncol 2009,
91:360-368.

10. Voroney JP, Hope A, Dahele MR, Purdie TG, Franks KN, Pearson S, Cho JB,
Sun A, Payne DG, Bissonnette JP, Bezjak A, Brade AM: Chest wall pain and
rib fracture after stereotactic radiotherapy for peripheral non-small cell
lung cancer. J Thorac Oncol 2009, 4:1035-1037.

11. Freeman KT, Koewler NJ, Jimenez-Andrade JM, et of. A fracture pain model
in the rat: adaptation of a closed femur fracture model to study skeletal
pain. Anesthesiology 2008, 108:473-483.

12, Overgaard M: Spontaneous radiation-induced rib fractures in breast
cancer patients treated with postmastectomy irradiation. A clinical
radiobiological analysis of the influence of fraction size and dose~
response relationships on late bone damage. Acta Oncol 1988,
27:117-122.

doi:10.1186/1471-2407-13-68

Cite this article as: Nambu et ol: Rib fracture after stereotactic
radiotherapy for primary lung cancer: prevalence, degree of clinical
symptoms, and risk factors. BMC Cancer 2013 13:68.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

o Convenient online submission

* Thorough peer review

* ¥o space constraints or color figure charges

« immediate publication on acceptance

* inclusion in PubMed, CAS, Scopus and Google Scholar
o Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( ) Bioled Central




EELEM F65E F25 (2013)

BURE R & R YR

B & f

1. FUSIC
BATHERAD 2 N1 ADBRD , FERD 167&
o TWAEELERNFERTT. BEHRAEIT,

FMRFEEL LS, BABEOIAED1IDE

S, TORAZLZREHFLEREH-> TOET.

SRR BOHRBRERIL, 2 v . —2ORELHLIZH
HE UOEHTER 230, BEHRaRE2 2T 584
BEOFAEBEIML THET,
FREHRIBIRDOBARD X Y v M ik, fhDiEEEICE
NTHBREHERD L, BEEPTZRROEFE1 IR
HZETY. flAE, BEESAEFN Ukl
REREES b AR ERA L, Bk &3S A
WCRELREEEAZD T, BEHRAERLE 61, BFE
BWEEEBERFLDD, BFLBREET b T 5EH0H
BT, BRECAIMEAROBEICSELVEET
7.

Z DRGHIERICED ZHTEICIE, [RETRRER

. *Yuki OTANI

19814E10A 4

KBEAZE R FREESE R RAHREEER
BT (20114F)

BE. KRIRAZFEAZFREZERMAER &
BB HE REBR REFET
TEL . 06-6879-3482

FAX [ 06-6879-3489

E-mail | y.otani@radonc.med.osaka-u.ac.jp

* ¥Masahiko KOIZUMI

19592 &

HEIRZE RS LR RRHE RS T
(1986%E)

RIRAFEFHERER S (19914)
RIE. KRAFEREREZERNFR &
BT RHEE B TI2EL E¥
i

TEL : 06-6879-2570

FAX : 06-6879-2575

E-mail . koizumi@sahs.med.osaka-u.acjp

K & OET, N RO BT

Radiation therapy and Medical physicists
Key Words . Radiation therapy, Medical physics

SHEET, € L CTEENET R ESH D £3. §H
3, BEFEPEEIC 2Ry P ESTEY. EFARTD
TNERDESTHR, KRXZICB T 2EFYEL
BROWMO AL E % TR LIz BT,

2. EEYEL&E

[EZWE] LS BEIPIREAD TNV EZ N
LRWET. HARZYHZS T, ERYHSE%
[ T2OM - R+ E2IC0H - HHT 5%
MaBThy, EBE - ERNOEBREBEL TAHEHD
EFEICHFSTIHMTHB] LEHFELTOETD,
EEYHZEOSE L LTI, JabEsieg, RE:
YT RETENG RS BbEEhE - ke HE
¥, HREEYEZELERBDET. ZThoDgH
D IRESEREYE LAY 9. B AR
KO ENTWBAEE, BEHRARIES T, BX
KT, BEYEIRIZ W0, EERYHEILE
e LTALBEMEINTHET. —F7T, BEATIR
HRERARLTEROF 4 5 5 DRMEMNMEL , BEW
B ERKERTEL B A,

BRI, BUERICED 2@ E LT, R,
LRGN, FYX MY 2 (REEELD),
EEyEL, BEMSH 0 4. ThZTho&Esn
LI TR D, BRBEHREAII R R, ¢
DX MY R MTIGHRETERE, EREME LR
B RPHESHERFICHY L 0y, BHE
T, BRREIC X B45] % Bk T, AREL BT
DHEMERICEEBELTED, L DR TIE,
EETANARERETHIN. R, RIS REA S R B
BEFEL TOZ08BRTT. HROBEREGHR
BEIIERICESZ CEELEL, BT T. HEHl
STHREEH-TEZ L, L L, BEOKEHE
BRIBICB T 2EMEFEIERE LS, X4 LE
B TR IR R EEAVEA S N5 R TOFLE



BB Hek H28 (2013)

EWIT, BEOHBEL LD, BEREXLFRIN
BZLRATEHERHA. X610, —MRENCRREIREHE
FEfEN L EESRE ST DR S 720, —EDK
BEARER L T B MINDERLZEBH D £,
BEHRERICER TRET A Z LAk A. &
2RSSR H 4 DBEEROT T, B
EHREFEL CTHAZFATOBEBI TS EED
nET. ThsDREEERL L, BEHRGEREE
Fle 3 3BRENDHSEENRZ D, BFEYELO
DBEERAELSBHENEETICED Z LA,

3. ERYBLTICEDEDICE
EEpETRERERTIIEL, (M) EXpE

BRERBOREERTT Y. HRICEK T 2 EZWHE

+TOREHIEIT 1987 EICBB I T L. ERY

HEIZ20124F 12 ARKETEBZHEE>TNET.

EEEYETREEEIL, DARERERES LR
EEPEZEOREENHIFL 2D, —REFIE
ANELTERILENE L. ZOERZYEDEHED
HIHBRICAK L, —EOBEMEF-TETEEY
HLOREEZITIENHRE T, ZEBREEPRE
ZHFOFMIT, EEYERERBEDO R —LX-Y
(http://www jbmp.org) #ZRL TIEHZ2WOTY
2, BEUEOZMNEREL T (FEERIZK-T
ZETEH), BREICBI IHERBBRERA, BE
RERICAM L, FEREPH A ET—EMLENE
BEEITNWE, EEYELICESZ AT,
AERBRDOABEIIN 0% LFTED TT2, R
BICE =g L BFRE I TR, B
FENDODOHD T,

4. KIRKZEZEMBERRICDITIEZYERE
D&El

KB AZEEZHFEEIL, 200844 A X DBAR &
Nt rvavv—ty g —-OREHEREEREMOTIC
FRFICHTER S E LA (RI1). I TOREHE
BB T, B & ERBCHREEAT O A THED
BERNTW=28, EEYEL L WS FBEDO A
i, EEf L BEBEHREOmE > S EEABE
PoREE D E L7 2013F 1 HEAE, EXHER
I2i3, REEREEDEL 14 & EEYEL 2 £ 05
SENTEFEL THET,
EEYEEOE—DFENT, EiE TR LRGSR

1

ERERO 7= IEFEIEP R EEE T OF TY.
ERETETIE, EATAEEIER L TREEREL ,

EFYHE LT ERESE ¥ - AR08, CTRE,5

BEETHEOERICES FTEFBICES L TnE T,
7, BEPHLIIERBERGRRER I 5
BEERABATHIEERP EABGHREER, IMRESRR L
CHEMIGRORE, BRI ERERD L, BEE
BEOFEKL LD 3. REEHTE, FHEDOMKRE
PREATEEL URET 2HE S HE, FERLEE
THRUVNUDREE L, MEBREMEITL CFHE L
TWVET,

EFEHEE DL ORENIFRERPEE T, %
i, FHEMiRY 7 by 2 7OBRRICHEANRTED,
R TERILER CRERREORE ¢dHli+5 v 7
MYz T EERLTOE T, B UOERARREE
%, Positron Emission Tomography (PET) % Mag-
netic Resonance Imaging (MRI) 7 ¥ £TEE{EHR
DEEFIH & Vo 2= FRRETE S 2 7 L OREL H
8L, 2R TOBENNNDERHERE % BB
- TnEd, BEE, BRER2ZEERIZES
MTEETSZLDOHRS, MIIEZYELOE
BICEFRABVWCWE T, BEYEL L LTOEK
REBEHEOZY, HBOEZYE L L I on the
job training (OJT) # 24ELL EH T, Z0D8E
T1aES K5BHTE T, EBEL LT, EES
LHEROHBMEEL TEBLTWE 2D, Th
FhONBOEMNZHAREEIENTETY. &
7z, MBSVERH B FRAICAT - T HAREAR
B - R ZeilaE 3 Coreto-Core Program &



LT, A0/ 8Dy F U KEET XY HDA
VT4 T T RELHEWERR 2T o TOET (X
2). BfE, BLHEAERBICEEL W52 AD%AE
R T,

X2

5. KEEARAERICBITIERYETERI—
ADTHBN

KBRAZE AT, 2010 45 - R -H38 AL,
-2 EREFERFEREFFRHCBERR L E L. EBER
-2, BRI EEYELE L ToE
IREBHOBE, REZFID -2, BEWEOER
LR FREROME LR L HNE LT
T BRI, BEIR & EBED 2 0 — 2P iEHE &
BoTOETH, HATERRAEDATT (2012
F£12 ABE). 2HEE, SEF TR TCELEBTOE
IS C TR OEERE &FA U TRESR S =/
ML, BSSERIETIEEERBLCOET. i
I — 2 AMRRS BBRIZIT-> T, ARTH
V77 VY ARHEERES, Wi EHNICER
LTuEd (K3). BOKEEICR ST, BREH
DUNLDENEE LIRRREATERTESLE L
TWET,
KRRKFEREFROEZDE TR T — 21, B
YIERRERRE S b REEWIERECE O — 2 DIERRE
ERFTCNET QREERAIEERET, fb
RELFR). ZOREERT-ET, HETIIE
AT 1Y EESE CTEREYE LR ERRO ZERER
ERLENRHRET. £, BEIZERERE LT
KA DESHR L IEZEHE %, R ERRRERE

LBl He5% F£25 (2013)

X3

e LTMETAZLHAMEETY. 207D, KR
KREREFRRDEZYEER T — 2 IHEFET 2 %4
B, MEEREREAZIT CORWAKRICESET S H LD
b, BLEFYELORELZT 5ENTEETT.

6. BHEROERYMETDORIR
EEEEOREN EHIRE L LT, PIEHRK
SHRARETERZE, R RERENZ TR
9. DIANE, EEYETOHSNEMENMENT
EEBHSTRIFIMMBEZEL BV ERATLEY, ZZ
ECEEYELOBENHEE EES ETICAD
T L7, BRC, —iRlEs b R RO A pE s 2
WELEIRDONTOET. BABREOHEM? S,
REHEREEEE DOFTREA R T 3 ERAER X,
AMBREBELTHBZ &IZMA, FR20EEBEDR
FERMSUE I & » CERES SRR 2 AN &
N L b AELZERD—DTY., ZDEBESRE
TR 2 DEEEMICIE [HREHEIARICHR 5 ER
BHROREBE, RFEBREUREFEHAD =D DR
EEHAEOHYTARMEN 1L LB Z L]
LREHINTWEY, 20, REBHEOHEMERA
BB TSR IR S h 5720, Flgice -
THEAYy MDD FT. BEE, KEOHBICL
ZEZEHEHEWML O ET. BEERHED [5
ASTIREARLE], XEBEZEED [BATuT7zy Y
a T VERTI V] (LT, AT v) OET,
EFE T2 EH T2 KRRV ML 27420 T
79,

LT, BRORWEEEH LT LR, BE



EEE LR Hesk £28 (2013)

BIAEBTHE2IE, D0 ERA. BATUHE
RO - DB SRR R E h 5 LRI,
EEHELOBRAEBICHB IR T, EER
RO BB BB TRENE 2D TT. EEY
EHRIERER TR EWDT, FOAIE-TH
ZEESIVFHEORN G L 2D 4. EEMELLE X
BHETHIEHN SN ZEIIEE - Bunxd. BER
BE» o BERER O L, Bo ZhEMEHk
ZAMBRD SN TE T

7. Bbblc

HatEEERE BEYEEOBRICOWT, B
L& L7 BEHRERPEZRYELICEL (I hE
THIER DD 5725 &, ZORFKEFHA THEIKE
FoTHEIWE, ZhULEOEWIEHD XA,

FEROREDORE & T & o o RKIRAF AR
FROTFER - MEREEEIR, &5 CICARHREICS
7D BMEEIC Ao [HELEIN] BBEREOH 4
CEL LU BT E .

BENRR

1) —BRUEEA HARZYHEZS
http://www jsmp.org/

2) —RMEEA BEEUELRERE
http://www.jbmp.org/

3) XEHBIEEBATT T = v g FILBREEH

T
http://www.mext.go.jp/a_menu/koutou/
kaikaku/1314727 htm




High-dose-rate interstitial brachytherapy for gynecologic malignancies—dosimetric changes during treatment period 14/02/14 15:17

J Radiat Res. 2013 July; 54(4): 663-670. PMCID: PMC3709659
Published online 2013 January 7. doi: 10.1093/jrr/rrs130

High-dose-rate interstitial brachytherapy for gynecologic malignancies—dosimetric
changes during treatment period

Tsuyoshi Onoe, ! Takayuki Nose,? Hideomi Yamashita,! Minoru Yoshioka, Takashi Toshivasu, Takuyo Kozuka,® Masahiko
Oguchi,3 and Keiichi Nakagawa1

1Department of Radiology, Tokyo University Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan

2Department of Radiation Oncology, Nippon.-Medical School Tama Nagayama Hospital, 1-7-1 Nagayama, Tama-shi, Tokyo 206-8512, Japan
3Department of Radiation Oncology, The Cancer Institute Hospital of the Japanese Foundation for Cancer Research, 3-8-31, Ariake, Koto-ku, Tokyo
135-8550, Japan

*Corresponding author. Tel: +81-3-3815-5411; Fax: +81-3-5800-8786; E-mail: tsuyopon13@amail.com

Received March 20, 2012; Revised December 3, 2012; Accepted December 3, 2012.

Copyright © The Author 2013. Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Saciety for
Therapeutic Radiology and Oncology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(hitp:/icreativecommons.org/licenses/by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Abstract Go to:

To overcome cranio-caudal needle displacement in pelvic high-dose-rate interstitial brachytherapy (HDRIB),
we have been utilizing a fullystretched elastic tape to thrust the template into the perineum. The purpose of
the current study was to evaluate dosimetric changes during the treatment period using this thrusting
method, and to explore reproducible planning methods based on the results of the dosimetric changes.
Twenty-nine patients with gynecologic malignancies were treated with HDRIB at the Cancer Institute
Hospital. Pre-treatment and post-treatment computed tomography (CT) scans were acquired and a virtual
plan for post-treatment CT was produced by applying the dwell positions/times of the original plan. For the
post-treatment plan, Dgo for the clinical target volume (CTV) and D2cc for the rectum and bladder were
assessed and compared with that for the original plan. Cranio-caudal needle displacement relative to CTV
during treatment period was only 0.7 + 1.9 mm. The mean Dgo values for the CTV in the pre- and post-
treatment plans were stable (6.8 Gy vs. 6.8 Gy) and the post-treatment/pre-treatment Dgo ratio was 1.00 +
0.08. The post-/pre-treatment D2cc ratio was 1.14 + 0.22 and the mean D2cc for the rectum increased for the
post-treatment plan (5.4 Gy vs. 6.1 Gy), especially when parametrial infiltration was present. The mean D2cc
for the bladder was stable (6.3 Gy vs. 6.6 Gy) and the ratio was 1.06 + 0.20. Our thrusting method achieved a
stable Dgo for the CTV, in contrast to previous prostate HDRIB reports displaying reductions of 35-40% for
D9o during the treatment period.

Keywords: interstitial brachytherapy, needle displacement, gynecologic malignancy, dose—volume
histogram

INTRODUCTION Go to:

For gynecologic tumors unsuitable for standard intracavitary brachytherapy, such as recurrent tumors or
tumors with excessive invasion to the vagina/parametrium, interstitial brachytherapy has been used to
achieve better tumor coverage [1—3]. Contemporary planning software for high-dose-rate interstitial
brachytherapy (HDRIB) using pre-treatment computed tomography (CT) images enables a conformal dose

2
+
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distribution to a target, while minimizing doses to organs at risk (OARs). To reproduce the plan in actual
irradiation, relative locations of applicator needles to the clinical target volume (CTV) and OARs should also
be reproduced exactly at each treatment session. However, in the literature on prostate HDRIB, needle
displacements as high as 18—42 mm in the cranio-caudal direction have been reported, resulting in decreases
of 35—-40% in CTV coverage [4—7]. Displacements in other directions have never been explored. The needle-
template unit in these studies was not sufficiently stabilized to a target. To overcome the caudal force exerted
by perineal edema, we have been utilizing cranial force from fully stretched elastic tapes thrusting the
template into the perineum. The purpose of the current study was to explore dosimetric changes caused by
these dimensional (3D) displacements and organ mobility or deformation, to ensure safe delivery of the
HDRIB treatment. To the best of our knowledge, this is the first study to report dose—volume histogram
(DVH) changes during the treatment period for gynecologic HDRIB.

MATERIAL AND METHODS Go to:

Patients

Between March 2006 and October 2008, 29 patients with gynecologic cancer (cervix 21, corpus 7, vulva 1)
were treated at the Cancer Institute Hospital using HDRIB in combination with/without external beam
radiotherapy. Patient characteristics are summarized in Table 1. Fourteen patients displayed non-recurrent
disease, and 15 patients displayed recurrent disease following surgery (n = 12), radiation (n = 1) or both (n =

2).

Table 1.
Patient characteristics

Methods

Implantation and CT acquisition Thirteen patients were treated with tandem and needles and 16 patients with
needle alone. Mean number of needles used was 18 + 4 (range 9—28). All needles and the template were
unified with stopper screws and the template was sutured to the perineum using six silk stitches. To overcome
the caudal movement resulting from perineal edema, the needle-template unit was thrust into the perineum
using two fully stretched elastic tapes of about 30 ecm in length (ELASTIKON®; Johnson & J ohnson, New
Brunswick, NJ) attached from the ventral skin near the umbilicus through both sides of the template to the
dorsal skin at the umbilical level.

About 3 h after implantation, pre-treatment CT for planning was performed. A post-treatment CT was taken
prior to removal of the implant after the last treatment session. Both CT scans were performed with the
bladder filled with about 200 ml saline. The interval between the two CTs was 3.4 + 0.8 days (range 2—6
days).

Treatment planning Planning was performed using pre-treatment CT data transferred to a planning computer
(PLATO BPS® ver. 14.3.5; Nucletron, Veenendaal, the Netherlands). A central plane and the basal dose points
were determined according to the extrapolated Paris system. Geometrical optimization with manual
adjustments was used to achieve CTV coverage, and to keep doses for OARs below ceiling doses, and to keep
hyperdose sleeves within 8—10 mm. When these three conditions (CTV coverage, OAR doses, hyperdose
sleeve) could not be achieved simultaneously, the plan was clinically compromised. The selected isodose
surface (85.4 + 2.4% basal dose isodose surface (BDIS)) covering CTV was essentially chosen for dose
prescription. The prescribed dose was 6.0 Gy per fraction to this isodose surface.

Organ delineation For each set of CT images, the CTV, rectum, bladder and the urethra were delineated by a
single radiation oncologist (T.0.) and reviewed by another who is certified (T.N.) to eliminate inter-observer
variation. The CTV, including all the areas of gross and potentially microscopic disease which consisted of the
vagina, the parametrial tissues and the uterus, was delineated on each slice using clinical information,

http://www.ncbi.nlm.nih.gov/pmc/articles /PMC3709659/ 2[7 -3
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CT/magnetic resonance imaging (MRI) and the implanted markers. For OARs, only the outer surface of the
rectum, bladder and urethra were contoured and all of the volume inside the outer surface was utilized for the
indices following GEC-ESTRO recommendations [8]. The rectum was delineated from the sigmoid colon
curvature to the caudal level of ischial tuberosity. For the urethra, the outer surface of the Foley catheter was
contoured from the bladder base to the external urethral meatus.

Dosimetric analysis A virtual plan for post-treatment CT was produced by duplicating the air kerma strength
for the Ir-192 source, the dwell times and positions of the original plan. Dosimetric analysis was performed
using the GEC-ESTRO recommendations [8]. To evaluate the coverage of the target, the dose received by 90%
of the CTV (=D90) was generated. For OARs, the minimum doses to the most irradiated 2 cm3 portions
(=D2cc) for the rectum and bladder were generated. The dose to 50% of the urethra (=D50) was evaluated
according to a study by Akimoto [g]. For each index, %BDIS and the ratio of post-treatment value to pre-
treatment value was generated. All statistical analyses were performed using Dr.SPSS IT (SPSS, Chicago, IL,
USA). The Wilcoxon signed-rank test was used to compare DVH parameters between pre-treatment and post-
treatment plans.

RESULTS Go to:

Needle displacement relative to CTV centroid

Needle displacement relative to CTV centroid during treatment period was 0.5 + 2.1 mm in the lateral
direction (minus (right)-plus (left)), 1.6 + 3.9 mm in the dorso-ventral direction (minus (dorsal)-plus
(ventral)) and—0.7 + 1.9 mm in the cranio-caudal direction (minus (caudal)—plus (cranial)).

Volumetric and dosimetric results of the CTV and OARs

The volumetric and dosimetric results of CTV and OAR for the rectum, bladder and urethra are presented in
Table 2. The CTV volumes showed a slight decrease during treatment (77.7 + 45.5 cm3 vs. 73.8 + 41.1 cm3),
but the CTV doses were stable for both Dgo values (6.8 + 0.7 Gy vs. 6.8 + 0.9 Gy). No difference was seen in
the volumes for OARs between the pre- and post-treatment plans, but dosimetric results varied among the
organs. For the rectum, the mean D2cc increased from 5.4 Gy + 1.1 Gy to 6.1 Gy + 1.5 Gy (P < 0.01). For the
bladder, the mean D2cc tended to increase from 6.3 + 1.8 Gy to 6.6 + 2.1 Gy (P = 0.16). The mean D50 values
for the urethra in the pre- and post-treatment plans were 3.7 + 1.1 Gy vs. 3.6 + 1.0 Gy (P = 0.22).

Table 2.
Volumetric results in CTV and OARs (rectum, bladder, urethra and
sigmoid colon)

Dosimetric analysis for the CTV and OARs

The post-/pre-treatment D9o ratio for the CTV was 1.00 + 0.08 (range 0.83-1.26). For 72.4% (=21/29) of the
patients, the difference between pre- and post-treatment D9o for the CTV was within +5%. The post-/pre-
treatment D9o ratio was poorly correlated with cranio-caudal needle displacement: 0.95 + 0.09 with
displacement = 3.0 mm (n = 4) vs. 1.01 + 0.07 with displacement <3.0 mm (n = 25). Volume changes for the
CTV also had little influence on the post-/pre-treatment D9o ratios, which were 1.01 + 0.08 in cases with
volume increase (n = 9) vs. 0.97 + 0.05 in cases with volume reductions (n = 20).

The post-/pre-treatment D2cc ratios for the rectum and bladder were 1.14 + 0.22 (range 0.71-1.63) and 1.06
+ 0.20 (range 0.67-1.48), respectively. The post-/pre-treatment D2cc ratio for the rectum was significantly
higher when parametrial infiltration was present (1.22 + 0.11, n = 17) than when absent (1.02 + 0.15, n = 12).
The post-/pre-treatment D2cc ratio for the bladder was significantly higher when tandem use was present
(1.13 £ 0.17) than when absent (1.01 + 0.21), and also higher when cranio-caudal displacement was <3.0 mm
(1.09 + 0.20), compared with displacement >3.0 mm (0.90 + 0.10). Lower vaginal infiltration and post-
hysterectomy status showed little impact on dosimetry for the CTV and OARs (Table 3).
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Table 3.
Dosimetric analysis of the dose ratio of post-treatment/pre-treatment CT
planning according to locations

Figure 1 shows the frequency distributions of the post-/pre-treatment D9o ratios for the CTV and OARs. The
distribution for the Dgo ratio shows a narrow range with a large peak at around 1.00, whereas the distribution
for D2cc ratios for the rectum and bladder displayed a relatively wide distribution. The urethra D50, however,
showed a narrow range with a peak at around 1.00 similar to the distribution for the Dgo ratio for the CTV.

Frequency distribution chart for post-/pre-treatment ratios of CTV and
OARs. (a) Abscissa: post-/pre-treatment ratios of Dgo for CTV.
Ordinate: number of patients. Distribution approximates Gaussian and
has steep peak, with a mean ratio of 1.00 % ...

Dosimetric analysis (%BDIS8)

For %BDIS of mean dose at pre-treament planning, the CTV mean was the highest (140.1 + 30.3%) followed
by that of the urethra (52.5 + 15.1%), rectum (36.3 + 9.8%) and bladder (24.1 + 7.7%). The pre-treatment
%BDIS of rectal D2cc was higher when parametrial infiltration was present (85.2 + 9.1%) than when absent
(73.5 + 18.1%) (P = 0.05). To assess the relationships between relative locations of CTV for each OAR and
applicator, a scattergram was generated comparing the post-/pre-treatment dose ratios and %BDIS at pre-
treatment planning (Fig. 2a and b). For CTV Dgo and urethra D50, the ratios were distributed around 1.00
regardless of the pre-treatment %BDIS of the mean dose. The post-/pre-treatment ratios for D2cc for the
rectum in cases with %BDIS of D2cc at pre-treatment planning < 90% and >90% were 1.20 + 0.19 and 0.91 +
0.19 (P = 0.03). The corresponding ratios for bladder D2cc were 1.10 + 0.21 and 1.03 + 0.18 (P = 0.31).

(a) Correlation between the dose ratio (ordinate: post-/pre-treatment

dose ratio) and the relative locations at pre-treatment planning
(abscissa: %BDIS (6 Gy = 100%) of mean dose at pre-treatment
planning) for CTV and OARs. Red = CTV mean, brown = rectum ...

DISCUSSION Go to:

Recent planning software for HDRIB enables conformal dose distribution to a target, while minimizing doses
to OARs. According to the ICRU 58, PTV is identical to CTV since the applicators move with the CTV [10] and
relative locations of brachytherapy needles should be identified at each treatment session to reproduce the
plan in actual irradiation. In previous reports for prostate HDRIB, however, only cranio-caudal needle
displacements have been explored and have been reported to peak as high as 18—42 mm, which caused a
reduction in the Doo for the prostate of 30—40% [4—7]. In our study, cranio-caudal displacement was only 0.7
+ 1.9 mm, obtained by using our fixation method with fully stretched elastic tapes. Displacements were also
shown in other directions, 0.5 + 2.1 mm in the lateral and 1.6 + 3.9 mm in the dorso-veniral directions. In
pelvic HDRIB, this is the first study to investigate DVH changes of CTV and OARs by these 3D displacements
and also to demonstrate DVH changes during gynecologic HDRIB treatment.

In contrast to previous prostate HDRIB reports, Dgo for the CTV showed no change between pre-treatment
(6.8 + 0.7 Gy) and post-treatment (6.8 + 0.9 Gy) and the deviation of the post-/pre-treatment Dgo ratio was
also small (1.00 + 0.08). Using our simple fixation method, cranio-caudal needle displacement relative to
CTV was nearly negligible and good CTV coverage was obtained during HDRIB treatment. Lateral and dorso-
ventral displacements were also small enough that Dgo did not change for the CTV.

The resultant CTV coverage and small deviation of the post-/pre-treatment D9o ratio for CTV in the current
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study are similar to results of our previous in vivo dosimetry study on pelvic HDRIB for 66 patients in which
the same fixation method was used [11]. The compatibility ratio of the measured/calculated doses for the
target (vaginal wall) was excellent (91 + 8%). Moreover, a 9% negative shift was considered to be attributed to
the lack of inhomogeneity correction in the software for the vaginal cylinder, which has a density of 1.24. The
small deviation of the compatibility ratio was largely attributable to our fixation method with fully stretched
tape and synchronization in movement and deformation between the CTV and the applicator. The CTV was
always deformed slightly due to the surrounding organs, but when the applicators were implanted into the
target, a ‘CTV—template-needle complex’ was formed. The target always moved or deformed synchronously
with the applicator, and applicator movement in the dorso-ventral or lateral directions had little influence on
CTV coverage. Consequently, CTV coverage was not changed between pre-treatment and post-treatment CT.

We found that a large deviation was seen in post-/pre-treatment D2cc for both the rectum and bladder, which
was also similar to the results of our in vivo dosimetry study. The rectum and bladder were independently
deformed and inflated regardless of applicator movement. As a result, the distance from the applicator was
varied during treatment. When the distance from the applicator was reduced, the doses increased. In this
study, rectal dose increased from 5.4 Gy to 6.1 Gy and the deviation of post-/pre-treatment D2cc ratio was
large (1.14 + 0.22), and bladder dose tended to increase from 6.3 Gy to 6.6 Gy and the deviation was also large
(1.06 * 0.20). Furthermore, great variability was seen in the post-/pre-treatment volume ratios for both the
rectum (1.18 + 0.68) and bladder (1.03 + 0.33). The patient must stay in bed during implantation because
applicators protrude from the perineum, thus defecation or degassing by her own efforts is quite difficult.
Similarly, a predetermined amount of injection into the bladder was sometimes difficult because of severe
irritation.

There is not enough space between the rectum and the applicators, so the rectum gets covered by higher dose
areas (=6.0 Gy iso-dose line) when expanded. The result of this study indicates that the rectal dose was more
easily increased in patients with parametrial infiltration and/or in cases of %BDIS of D2cc for rectum >90% at
pre-treatment planning. When parametrial infiltration existed, it was necessary to implant needles in the
parametrium, the lateral to the rectum. This method made the rectum expansion restricted, which results the
rectal dose being easily increased (Fig. 3a and b). The %BDIS =90% region was nearly equivalent to the region
of the peripheral area of the CTV. In cases of %$BDIS of D2cc at pre-treatment planning < 90%, the organ had
inflatable space for applicators while little space was available in cases of %BDIS of D2cc >90%. In order to
avoid unexpected higher rectal doses, a degassing method should be considered when rectal inflation is
observed with fluoroscopy or CT.

Transverse CT image of dose distribution of HDRIB planning at the time

of (a) the pre-treatment planning and (b) the post-treatment planning.

D (reference isodose (6 Gy)) = green, CTV = red, rectum = brown,

bladder = blue, urethra = purple. CTV—template-needle ...

On the other hand, the bladder has enough space to distend ventrally or cranially as well as posteriorly.
Therefore, the distance from applicator changes little with changes in bladder volume. In this study, 200 ml
saline was injected in each treatment session in order to fill the bladder. In gynecologic brachytherapy, the full
bladder technique has been recommended to reduce the dose to the small intestine and sigmoid colon. In
some reports for gynecologic intracavitary brachytherapy with CT-based 3D planning, bladder-filling control
can lead to a significant reduction in the dose to the small bowel without exceeding the bladder dose [12-13].

In contrast, the post-/pre-treatment D50 ratio for the urethra was 1.00 + 0.12, showing a similar deviation to
Dgo for CTV. The scattergram pattern in the urethra also displayed similar characteristics to the CTV Dgo.
The urethra was a less deformed or inflated organ, and applicators were implanted in parallel in the dorsal
and lateral spaces of the urethra, urethral movement was synchronized with the applicators and urethral
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coverage was stable during HDRIB treatment.

To successfully achieve the treatment goal of HDRIB treatment for gynecological malignancies, the first
consideration has to be the reproduction of the CTV and the needle-template unit position for each treatment.
With our simple fixation method, cranio-caudal needle displacement is small and a highly reproducible CTV
coverage is expected during HDRIB treatment. To control bladder and rectal volume at each treatment
session is also important but is difficult. This requirement can be met by use of the recent image-guided
methods, which are capable of providing volume images of soft-tissue organs. If large cranio-caudal
displacements are confirmed, an increased margin around the CTV or a dose increment for the prescription
dose is required as a safety margin. However, these increases need to be evaluated with clinical judgement
because D2cc for the rectum and bladder will also rise as a result.

Finally, we used HDRIB with metal applicators in this study. However, metal applicators cause artifacts on CT
images, making it difficult to draw organ contours. Some groups are performing image-based brachytherapy
by using plastic/titanium applicators compatible with MRI [14—15]. We also plan to start MRI-based image-
guided HDRIB.

In conclusion, with our simple method of fixing the needle-template unit using elastic tapes, needle
displacement relative to the CTV was nearly negligible and excellent CTV coverage was achieved at the final
treatment session. The difference between pre- and post-treatment Dgo for the CTV was within +5% for
72.4% (21 of 29) of the patients in most cases.
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Abstract Go to:

About the bone marrow transplantation that high dose chemotherapy and total-body irradiation (TBI) are
used for as conditioning regimen, a late toxicity may become the problem in the long-term survival patient.
One of the toxicities which has been implied to be associated with TBI is secondary cacinogenesis. Between
June 1995 and December 2010, 370 patients who were undergoing allogeneic hematopoietic stem cell
transplantation using a TBI-based regimen at our department, were the subjects of this study. Eleven
secondary cancers occurred in 10 patients. The median time from transplantation to diagnosis of a secondary
cancer was 6.8 years. In this analysis, the camulative incidence rate of secondary cancer at 5 and 10 years was
2.15% and 6.46%, respectively after TBI in our institution.

Keywords: Total body irradiation, Secondary cancer, Bone marrow transplantation

Introduction Go to:

The conditioning regimen before allogeneic hematopoietic stem cell transplantation is intended to eradicate
tumor cells and to promote immunosuppression to prevent graft rejection. A combination of
cyclophosphamide and total body irradiation (TBI) is the most widely used regimen in transplantation for
leukemia.

Patients who receive bone marrow transplantation underlie an increased risk for secondary cancers because
of several risk factors, including radiation, chemotherapy, and immune stimulation. Several studies
(Schneider et al. 2007; Bhatia et al. 1996; Witherspoon et al. 1989; Deeg & Witherspoon 1993; Witherspoon et
al. 1992; Deeg et al. 1984) described the risk factors and incidence of secondary malignancy after
transplantation.

We here report our single-center experience regarding second malignancy in patients treated with TBI-based
regimen. This paper focuses on the occurrence of second solid cancer.

Materiais and methods Go to:
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Patients

Between June 1995 and December 2010, 370 patients who were undergoing allogeneic hematopoietic stem
cell transplantation using a TBI-based regimen at our department, were the subjects of this study. Data were
obtained from our bone marrow transplantation (BMT) database.

Transplantation procedure

The first choice of the preparative regimen is cyclophosphamide (Endoxan) 60 mg/kg div day —3, -2 and full
TBI 2 Gy x2/day day —6, -5, -4 for acute myeloblastic leukemia (AML), acute lymphoblastic leukemia (ALL),
myelodysplastic syndrome (MDS), chronic myeloblastic leukemia (CML). Calcineurin inhibitor [Cyclosporine
A (Sandimmun) 3 mg/kg/day, cdiv day-1~ or FK506 (Tacrolimus) 0.03 mg/kg/day, cdiv day-1~] plus
Methotrexate (MTX) day 1, 3, 6, 11 were administered to prevent GVHD.

A purpose of use of the immunosuppressive drugs in pediatric stem cell transplant is to control GVHD not to
become severe. About the duration of administration, we reduce and cancel the immunosuppressive drug
when GVHD becomes the minor degree not to affect everyday life. The period until coming to become able to
control is not fixed because there is individual difference. In other words, we continue using an
immunosuppressive drug for years for the case that GVHD aggravates when dose reduction. The kind of the
immunosuppressive drug uses cyclosporine in the case of transplant between blood relatives and tacrolimus
in the case of between unrelated blood relatives interval like the transplant of the adult.

Total body irradiation

Patients were treated in a mobile box made of 10 mm thick polymethyl methacrylate 600 mm wide by

2000 mm long by 400 mm high. The box is capable of moving up to 250 cm forward and backward on the
rails with a constant speed. Beam intensity and moving velocity defined dose rate in TBI (Ban et al. 2001).
Normally, beam opening of the linac is 400 cm x 10 ecm. Leukemia patients were usually treated in the supine
position for three fractions in the morning and in the prone position for three fractions in the evening. The
center of the mobile box was selected to be a reference point to attain the prescribed dose. Beam intensity and
moving velocity were determined based on the measurement of the doses in Mix-DP slab phantoms with an
ionization chamber, but no corrections for patient body size were required due to the use of the mobile box.
Dose rate was 150 MU/min in all cases. Most commonly, a pair of customized metal blocks was placed on the
mobile box for lung shielding. The blocks were fabricated according to the lung shape, which was obtained by
use of the X-ray film taken in the box. Lung shielding was performed in a fraction of TBI out of six fractions
for three consecutive days in most cases.

Statistical analysis

The probability of the incidence of secondary cancer was estimated using the Kaplan-Meier method.

Patients

The patients were 236 males and 134 females. The median age at transplantation was 36 years old (range; 1—
72). The median follow-up time for only survivors was 10.5 years (max; 16.4). A hundred thirteen patients
(31%) received transplantation for acute AML, 117 patients (32%) for ALL, 39 patients (11%) for lymphoma,
34 patients (9%) for MDS, 41 patients (11%) for CML, and six patients (1.6%) for dyshematopoiesis. Two
hundred forty patients (65%) survived at least 1 year after TBL.

The conditioning regimens included TBI with cyclophosphamide (CY) alone (72%), etoposide (VP-16) alone
(10%), or a combination of CY and VP-16 (18%). For pediatric case, melphalan (I.-PAM), antithymocyte
globulin (ATG), thiotepa (TESPA), or fludarabine were administered for ten, one, one, and two patients,
respectively. Graft-versus-host disease (GVHD) prophylaxis consisted in the majority of patients of
cyclosporine-A associated to methotrexate, and FK506 associated to methotrexate in some patients.
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