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Risk Factors

Some genetic and environmental factors have been associated with the development of

Figure 2. The distribution of nonrhabdomyosarcomatous soft tissue

sarcomas by age according to histologic subtype.

Figure 3. The distribution of nonrhabdomyosarcomatous soft tissue

sarcomas by age according to tumor site.

STS Histological Subtypes/ Sites/ Age
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Use of radiation therapy.

Several adult and pediatric series have shown that patients with large or invasive tumors have a
significantly worse prognosis than do those with small, noninvasive tumors. A retrospective review of soft
tissue sarcomas in children and adolescents suggests that the 5 cm cutoff used for adults with soft tissue
sarcoma may not be ideal for smaller children, especially infants. The review identified an interaction
between tumor diameter and body surface area.[54] This relationship requires further study to determine
the therapeutic implications of the observation.

In a review of a large adult series of nonrhabdomyosarcomatous soft tissue sarcomas, superficial
extremity sarcomas had a better prognosis than did deep tumors. Thus, in addition to grade and size, the
depth of invasion of the tumor should be considered.[55]

Some pediatric nonrhabdomyosarcomatous soft tissue sarcomas are associated with a better outcome.
For instance, infantile fibrosarcoma, presenting in infants and children younger than 5 years, has an
excellent prognosis given that surgery alone can cure a significant number of these patients and the
tumor is highly chemosensitive.[3]

Soft tissue sarcomas in older children and adolescents often behave similarly to those in adult patients.
[3,25] A large, prospective, multinational Children's Oncology Group study (ARST0332 [NCT00346164])
enrolled newly diagnosed patients younger than 30 years. Patients were assigned to treatment on the
basis of their risk group (refer to Figure 4).[56][Level of evidence: 2A]

•

Risk Stratification in COG NRSTS Studies 
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n = 304 
1980 - 2005 
Multimodality Treatment 
Majority: Synovial Sa & MPNST
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INTERSTITIAL BRACHYTHERAPY
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PLANNING & DOSIMETRY
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• Dose Point Optimization much superior for single plane implants than geometric optimization 

• Graphical Optimization can be used as a tool to compensate for the geometrical irregularities of  implant and 
the target. While CI and COIN improve with graphical optimization, other indices such as EI, OI and HI 
become relatively inferior. 

• Graphical Optimization improves target coverage at the expense of dose homogeneity; it should be used 
with caution to avoid creating zones of hyper-dose. 
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MSKCC Trial (Pisters et al, JCO 1996) 

 Extremity / Superficial Trunk STS (n=164) 
  LSS Alone (n=86) 
  LSS + Interstitial Brachytherapy (n=78) 
  
 Brachytherapy: 42-45Gy in 4-6 days 

 Median FU: 76mths 

 Local Control 
  LSS Alone: 69%                       
  LSS + Interstitial Brachytherapy: 82% 
        p=0.04 

+ve impact in 119 pts. with high grade sts only 
no improvement in 45 pts. with low grade sts 

Level I Evidence

IS BRACHYTHERAPY EFFECTIVE ?
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Tata Memorial Hospital Guidelines

TARGET VOLUME 

Radical brachytherapy : GTV + 2-3 cm margin 

Brachytherapy as boost: GTV + 2 cm margin 

DOSIMETRY 

LDR Manual afterloading technique: Paris system  

HDR remote afterloading: 
   Dose point (0.5cm) +/- Graphical Optimization 
   Reference Isodose: 85% 

SIMULATION & START:  

3nd -5th day after surgery (Influenced by dose to Skin/ Scar/ Flap) 

DOSE 

NRSTS Brachy Only  (LDR): 45-50Gy @ 45-50cGy/hr, (HDR): 36Gy/9# @ 4Gy/# x 2 #/ day 

NRSTS Brachy as Boost (LDR): 15-20Gy @ 45-50cGy/hr, (HDR): 15Gy/5# @3Gy/# x 2#/ day 

RCT R0 or R1 (HDR): 28Gy/ 7# @ 4Gy/ # x 2 #/ day 

RCT R2 (HDR): 32Gy/ 8# @ 4Gy/ # x 2#/ day  
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Laskar et al, Pediatric Blood & Cancer 2007

Median FU: 51mths 
2007 

LC: 82% 

DFS: 68% 

OS: 71% 
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RESULTS
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Head & Neck RMS

Parameningeal 

Middle ear, Paranasal sinuses, Nasopharynx, 
Nasal cavity, Infratemporal fossa, & 

Parapharyngeal area

and radiation to preserve the eye. Local control rates using
chemoradiation are above 90%.

In an effort to reduce the potential late effects of local
therapy, the International Society of Pediatric Oncology
(SIOP) uses upfront chemotherapy alone followed by
second-line chemotherapy if the initial response is not
signi!cant. However, the 5 year results of the SIOP
Malignant Mesenchymal Tumor study (MMT 89) showed
inferior EFS of 53% for orbital tumours compared with IRS
IV. At the time of relapse, patients can be salvaged with
radiation and chemotherapy and, therefore, the 5 year
overall survival was 85% [26]. However, at the time of
relapse, patients may unfortunately require more aggres-
sive local therapy to control disease, which can lead to
signi!cant morbidity. Conformal treatment approaches are
used to reduce late effects. At a median follow-up of 6.3
years, there have been no reports of cataracts, keratopathy,
chronic conjunctivitis or vision impairment in seven
patients treated with proton radiotherapy at Massachu-
setts General Hospital. However, orbital hypoplasia or
enopthalmos was reported in all six patients that retained
their eye. One local failure was noted and the patient was
successfully salvaged with enucleation and stereotactic
radiosurgery [23].

Head/Neck
Non-parameningeal head and neck RMS is considered

a favourable site in the IRS staging system [27]. Although
surgical resection can be used depending on the treatment
site, radiation is used as a de!nitive strategy, particularly in
deep-seated locations. In determining a local control
strategy, long-term effects on functional outcome and
cosmesis are important to consider. Simon et al. [28] carried
out an institutional review of primary head and neck RMS
and reported a 5 year local control rate of 70%. Tumour size
!5 cm and age !11 years predicted improved 5 year overall
survival rates.

Conformal treatment approaches such as IMRT are
routinely used to treat head and neck sites. IMRT can
protect the parotid glands to reduce the incidence of
xerostomia [15]. Conformal therapy can also potentially
reduce the dose to the optic structures, oral cavity, pitui-
taryehypothalamic axis, spinal cord and larynx. Proton
therapy may have particular utility in the treatment of
head and neck sites, particularly in young children. The
treatment of a reduced margin tumour volume with
IMRT has thus far resulted in the preservation of excellent
local control rates [16,29]. Excellent local control rates
have also been reported using IMRT with a cone-down

Fig 1. The dose distribution in axial, sagittal and coronal planes accomplished using intensity-modulated radiotherapy to spare surrounding
critical structures in the treatment of head and neck rhabdomyosarcoma.
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Non - Parameningeal 

Orbit, Buccal Mucosa, Oral Cavity 
Oropharynx, Hypopharynx, & Larynx
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ARMS Lt Orbit (4mths M)
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Pre Planning
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PRE-Planning! Planning CT scan was done to determine 

1. Ideal needle position 

2. Safe depth for each needle 

3. First needle position ! Nasion as a reference point
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Procedure
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MRI Fusion & Treatment

32Gy/ 8# @ 4Gy/ # BD
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Dosimetric Comparison of Brachytherapy & IMRT
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Journal of Contemporary Brachytherapy (2017/volume 9/number 5)

Brachytherapy for orbital soft tissue sarcoma 469

Table 1. Dosimetric parameters of external beam 
radiotherapy and brachytherapy plans 

Structures EBRT rapid arc
(%)

Brachytherapy
(%)

CTV (mean dose) 101 158

CTV D90 100 92

CTV V100 95 90

CTV V150 – 30

CTV V200 – 16

DHI – 66

Eye left (mean dose) 61 61

Lens left (mean dose) 66 51

Optic nerve left (max dose) 72 54

Bony orbit left (mean dose) 68 39

Pituitary gland (mean dose) 42 6

EBRT – external beam radiotherapy, BT – brachytherapy, CTV – clinical target 
volume, D90 – minimum dose received by 90% of the target volume, V100 – vol-
ume receiving by 100% of the prescription dose, V150 – volume receiving by 
150% of the prescription dose, V200 – volume receiving by 200% of the prescrip-
tion dose, DHI (dose homogeneity index) – (V100–V150)/V100 

fully passed through the holes drilled into the retainer, 
which was then guided over the catheters and positioned 
WR�ÀW�VQXJO\�RQ�WKH�SDWLHQWV�IDFH��7KH�FDWKHWHUV�ZHUH�VH-
cured using washers and glue. The retainer was secured 
LQ�SODFH�XVLQJ�9HOFUR�VWUDSV��)LJXUH��'���

Results 
Planning and dose prescription 

After the procedure in the operating room, the patient 
ZDV�WUDQVIHUUHG�WR�05,�VXLWH�XQGHU�*�$��DQG�D�SODQQLQJ�
05,�ZDV�GRQH�XVLQJ��'�)63*5��WKUHH�GLPHQVLRQDO�IDVW�
spoiled gradient recall) sequences of 1 mm slice thickness 
and 0 mm gap. Clinical target volume was delineated on 
the planning images as previously described. ���,U�KLJK�
GRVH�UDWH� �+'5��EUDFK\WKHUDS\�SODQ�ZDV�JHQHUDWHG�XV-
ing Oncentra brachytherapy planning system (Oncentra 
%UDFK\�� (OHNWD� $%�� 6WRFNKROP�� 6ZHGHQ��� 7KH� GRVH� GLV-
tribution was evaluated and optimized using graphical 
optimization to ensure adequate coverage of the target 
YROXPH� E\� WKH� UHIHUHQFH� LVRGRVH� �)LJXUHV� �$� DQG� �%�� 
The plan was evaluated using dose volume histogram 
(DVH) for target volume coverage and dose to the crit-
ical structures (Table ���� $� WRWDO� GRVH� RI� ��� *\� ZDV� 
delivered using 4 Gy fractions (two fractions per day) 
RYHU� ���� GD\V�� )RU� GRVLPHWULF� FRPSDULVRQ� ZLWK� (%57��

Fig. 5. A and B)�+LJK�GRVH�UDWH�EUDFK\WKHUDS\�SODQ�RQ�PDJQHWLF�UHVRQDQFH�LPDJLQJ�VHTXHQFHV��LVRGRVH�OLQHV��\HOORZ�²������DQG�
JUHHQ�²�������C and D)�5DSLG�DUF�H[WHUQDO�EHDP�UDGLRWKHUDS\��(%57��SODQ��LVRGRVH�ZDVK��RUDQJH�²������GDUN�EOXH�²�������1RWH�
KLJKHU�GRVHV�WR�SLWXLWDU\�DQG�ERQ\�RUELW�ZLWK�(%57

A

C

B

D
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Dosimetric Comparison of EBRT & BRT

Dose Delivered: 32Gy/8# (4Gy b.i.d)
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MRI 3 Months Post Brachytherapy
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Clinical Outcome 3 Mths. Post Brachy

Journal of Contemporary Brachytherapy (2017/volume 9/number 5)

Technical Notes
Original paper

Interstitial brachytherapy for orbital soft tissue 
sarcoma: an innovative technique 
Siddhartha Laskar, MD1, Avinash Pilar, MD1, Nehal Khanna, MD1, Yogesh Ghadi, MSc2  
1Department of Radiation Oncology, 2Department of Medical Physics, Tata Memorial Hospital, Mumbai, India

Abstract 
Purpose: To report an innovative technique of interstitial brachytherapy developed for treatment of orbital soft tissue 

tumors.
Material and methods: A 4-month-old child diagnosed with rhabdomyosarcoma of orbit was treated with multi-

agent chemotherapy (CTh) and brachytherapy. Pre-planning computed tomography (CT) images were obtained and 
FOLQLFDO�WDUJHW�YROXPH��&79��ZDV�GHÀQHG�XVLQJ�WKH�SUH�WUHDWPHQW�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,���%UDFK\WKHUDS\�
plan was generated for deciding optimal catheter placement. With the child under general anesthesia, catheter entry 
SRLQWV�ZHUH�H[WUDSRODWHG�DQG�PDUNHG�RQ�WKH�VNLQ�DV�GHWHUPLQHG�IURP�WKH�SUH�SODQQLQJ�&7�VFDQ��,PSODQWDWLRQ�RI�FDWK-
HWHUV�ZDV�SHUIRUPHG�DV�SHU�SUH�GHWHUPLQHG�FDWKHWHU�SRVLWLRQ�DQG�GHSWKV��%UDFK\WKHUDS\�SODQ�ZDV�JHQHUDWHG�DQG�HYDO-
XDWHG�XVLQJ�GRVH�YROXPH�KLVWRJUDPV��'9+���$�FRPSDUDWLYH�H[WHUQDO�EHDP�UDGLRWKHUDS\��(%57��SODQ�XVLQJ�5DSLG$UF�
was also generated for the CTV with a 3 mm margin as the planning target volume (PTV).

Results:�7KH�PHDQ�&79�GRVH�ZLWK�EUDFK\WKHUDS\�ZDV������FRPSDUHG�WR������ZLWK�5DSLG$UF��7KH�&79�9100 was 
����IRU�EUDFK\WKHUDS\�YV������IRU�5DSLG$UF��7KH�PHDQ�GRVH�WR�/W�/HQV�ZHUH�����DQG������UHVSHFWLYHO\�IRU�EUDFK\WKHU-
DS\�DQG�5DSLG$UF��ZKLOH�WKH�FRUUHVSRQGLQJ�PHDQ�GRVHV�WR�WKH�ERQ\�RUELW�ZHUH�����DQG������UHVSHFWLYHO\��)ROORZ�XS�
05,�DW���PRQWKV�VKRZHG�FRPSOHWH�UHVSRQVH�RI�WKH�WXPRU�

Conclusions:�,QWHUVWLWLDO�EUDFK\WKHUDS\�IRU�RUELW�XVLQJ�WKLV�LQQRYDWLYH�WHFKQLTXH�LV�D�VDIH�DQG�HIIHFWLYH�PRGDOLW\�RI�
ORFDO�WUHDWPHQW�IRU�DSSURSULDWHO\�VHOHFWHG�RUELWDO�VRIW�WLVVXH�WXPRUV��%UDFK\WKHUDS\�UHVXOWHG�LQ�H[FHOOHQW�GLVHDVH�FRQWURO�
ZLWK�VLJQLÀFDQW�UHGXFWLRQ�RI�GRVH�WR�VXUURXQGLQJ�RFXODU�VWUXFWXUHV�FRPSDUHG�WR�(%57��

J Contemp Brachytherapy 2017; 9, 5: 466–471 
DOI: https://doi.org/10.5114/jcb.2017.70957

Key words: brachytherapy, ocular, orbit, soft tissue sarcoma.

Purpose 
2UELWDO� UKDEGRP\RVDUFRPD� �506�� LV� WKH� PRVW� FRP-

mon primary orbital malignancy in children and typical-
O\� RFFXUV� LQ� WKH� ÀUVW� GHFDGH� RI� OLIH� >�@�� 7LOO� WKH� ODWH� ��·V�� 
RUELWDO�506�ZDV�W\SLFDOO\�PDQDJHG�ZLWK�H[HQWHUDWLRQ�DQG�
was associated with poor prognosis and functional out-
come. Currently, it is best managed with a combination 
of multi-agent chemotherapy (CTh) and external beam ra-
GLRWKHUDS\��(%57��UHVXOWLQJ�LQ�D���\HDU�VXUYLYDO�H[FHHGLQJ� 
���� >���@�� +RZHYHU�� (%57� LV� IHDUHG� �QHFHVVDULO\� RU� QRW��
by most for its late toxicities of cranio-facial deformities,  
visual/orbital adverse effects and neuroendocrine sequel-
DH� HVSHFLDOO\� LQ� YHU\� \RXQJ� FKLOGUHQ� >�����@��$WWHPSWV� WR�
GHOD\� RU� RPLW� (%57�KDYH� EHHQ� VRXJKW�ZLWK� KLJKHU� UDWHV�
RI� ORFDO�UHFXUUHQFH�>�@��%UDFK\WKHUDS\�ZLWK� LWV�VWHHS�GRVH�
IDOO� RII�� SURYLGHV� DQ� DGYDQWDJH� RYHU� (%57� LQ� UHGXFLQJ�
doses to orbit and neurological structures, and thereby po-
WHQWLDOO\�UHGXFLQJ�WKH� ODWH�VHTXHODH�RI�(%57��+RZHYHU�� LW�
can be technically challenging and most reports of orbital 
brachytherapy are in the peri-operative setting, performed 

DIWHU� VXUJLFDO� GHEXONLQJ� >�����������������@�� 6XFK� SURFH-
dures are challenging and carry the potential morbidities of 
both treatment modalities, i.e. surgery and brachytherapy. 

We report the technical details of an innovative tech-
nique developed at our institute for interstitial brachyther-
apy of the orbit. 

Material and methods 
Case details 

$���PRQWK�ROG�PDOH�SDWLHQW�SUHVHQWHG�WR�WKH�7DWD�0HPR�
rial Hospital with complaints of redness and swelling at 
medial canthus of the left eye, which extended along the 
XSSHU�DQG� ORZHU�H\HOLGV� �)LJXUH��$���0DJQHWLF� UHVRQDQFH�
LPDJLQJ��05,��RI�WKH�RUELW�VKRZHG�D�KRPRJHQRXV�OHVLRQ�RI� 
����ð�����ð�����FP�LQ�WKH�H[WUDFRQDO�FRPSDUWPHQW�RI�PHGL-
al aspect of left orbit. The lesion was limited to the orbit 
without any intracranial extension, or extension into the 
HWKPRLG�DLU�VLQXVHV��)LJXUHV��%�DQG��&���%LRSV\�ZDV�VXJJHV-
tive of alveolar rhabdomyosarcoma, which was positive for 

Address for correspondence:�3URI��6LGGKDUWKD�/DVNDU��0'��'HSDUWPHQW�RI�5DGLDWLRQ�2QFRORJ\�� 
7DWD�0HPRULDO�+RVSLWDO��'U��(UQHVW�%RUJHV�0DUJ��3DUHO��0XPEDL��,QGLD�²���������,QGLD�� 
SKRQH��������������������ID[����������������������H�PDLO��ODVNDUV����#\DKRR�FRP

5HFHLYHG�� ����������
$FFHSWHG�� ����������
3XEOLVKHG������������
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Purpose 
2UELWDO� UKDEGRP\RVDUFRPD� �506�� LV� WKH� PRVW� FRP-

mon primary orbital malignancy in children and typical-
O\� RFFXUV� LQ� WKH� ÀUVW� GHFDGH� RI� OLIH� >�@�� 7LOO� WKH� ODWH� ��·V�� 
RUELWDO�506�ZDV�W\SLFDOO\�PDQDJHG�ZLWK�H[HQWHUDWLRQ�DQG�
was associated with poor prognosis and functional out-
come. Currently, it is best managed with a combination 
of multi-agent chemotherapy (CTh) and external beam ra-
GLRWKHUDS\��(%57��UHVXOWLQJ�LQ�D���\HDU�VXUYLYDO�H[FHHGLQJ� 
���� >���@�� +RZHYHU�� (%57� LV� IHDUHG� �QHFHVVDULO\� RU� QRW��
by most for its late toxicities of cranio-facial deformities,  
visual/orbital adverse effects and neuroendocrine sequel-
DH� HVSHFLDOO\� LQ� YHU\� \RXQJ� FKLOGUHQ� >�����@��$WWHPSWV� WR�
GHOD\� RU� RPLW� (%57�KDYH� EHHQ� VRXJKW�ZLWK� KLJKHU� UDWHV�
RI� ORFDO�UHFXUUHQFH�>�@��%UDFK\WKHUDS\�ZLWK� LWV�VWHHS�GRVH�
IDOO� RII�� SURYLGHV� DQ� DGYDQWDJH� RYHU� (%57� LQ� UHGXFLQJ�
doses to orbit and neurological structures, and thereby po-
WHQWLDOO\�UHGXFLQJ�WKH� ODWH�VHTXHODH�RI�(%57��+RZHYHU�� LW�
can be technically challenging and most reports of orbital 
brachytherapy are in the peri-operative setting, performed 

DIWHU� VXUJLFDO� GHEXONLQJ� >�����������������@�� 6XFK� SURFH-
dures are challenging and carry the potential morbidities of 
both treatment modalities, i.e. surgery and brachytherapy. 

We report the technical details of an innovative tech-
nique developed at our institute for interstitial brachyther-
apy of the orbit. 

Material and methods 
Case details 

$���PRQWK�ROG�PDOH�SDWLHQW�SUHVHQWHG�WR�WKH�7DWD�0HPR�
rial Hospital with complaints of redness and swelling at 
medial canthus of the left eye, which extended along the 
XSSHU�DQG� ORZHU�H\HOLGV� �)LJXUH��$���0DJQHWLF� UHVRQDQFH�
LPDJLQJ��05,��RI�WKH�RUELW�VKRZHG�D�KRPRJHQRXV�OHVLRQ�RI� 
����ð�����ð�����FP�LQ�WKH�H[WUDFRQDO�FRPSDUWPHQW�RI�PHGL-
al aspect of left orbit. The lesion was limited to the orbit 
without any intracranial extension, or extension into the 
HWKPRLG�DLU�VLQXVHV��)LJXUHV��%�DQG��&���%LRSV\�ZDV�VXJJHV-
tive of alveolar rhabdomyosarcoma, which was positive for 

Address for correspondence:�3URI��6LGGKDUWKD�/DVNDU��0'��'HSDUWPHQW�RI�5DGLDWLRQ�2QFRORJ\�� 
7DWD�0HPRULDO�+RVSLWDO��'U��(UQHVW�%RUJHV�0DUJ��3DUHO��0XPEDL��,QGLD�²���������,QGLD�� 
SKRQH��������������������ID[����������������������H�PDLO��ODVNDUV����#\DKRR�FRP

5HFHLYHG�� ����������
$FFHSWHG�� ����������
3XEOLVKHG������������
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Abstract
Purpose: The aim of this study is to report the results of a conservative surgery + brachytherapy
treatment for boys with prostate and/or bladder-neck rhabdomyosarcoma avoiding total cystectomy or
prostatectomy and external radiotherapy.
Patients: From 1991 to 2007, 26 boys were operated for a residual mass after chemotherapy (1 for local
relapse). All patients underwent a conservative surgical procedure, with bladder-neck and urethra
preservation. Surgery was never microscopically complete. Brachytherapy was systematically
performed after tumor resection, as a perioperative procedure, consisting of 2 loops encompassing
the prostate and the bladder-neck area. A dose of 60 Gy was delivered with low dose rate. Bladder
function was evaluated clinically and with urodynamic study for boys with abnormal continence.
Results: Median age at operation was 23 months (9 months-11 years). Seventeen boys underwent a
partial prostatectomy associated in 5 with a partial cystectomy. The remaining 9 patients underwent a
partial cystectomy with no procedure at the level of the prostate. At a median follow-up of 4 years
(10 months-14.5 years), 24 of 26 boys are alive. Only 1 patient relapsed locally out of the brachytherapy
field and died. A second boy died from metastatic relapse. Only 1 patient with bladder dysfunction after
treatment underwent a total cystectomy. Four patients are too young to be evaluated for bladder function
(b4 years of age). Seven patients, aged 4 to 6 years, have daytime continence, 1 has diurnal dribbling.
Among 11 boys older than 6 years, 9 (82%) are normally continent (3 after temporary dribbling), 2 have
diurnal dribbling treated by bladder education.

Presented at the 39th annual meeting of the American Pediatric Surgical Association, Phoenix, AZ, May 27-June 1, 2008.
! Corresponding author. Tel.: +1 33145212092; fax: +1 33145213189.
E-mail address: helene.martelli@bct.aphp.fr (H. Martelli).
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From 1991 to 2007, 26 boys with BP RMS 

Treated according to SIOP (MMT 89, 95, and 98) & European protocol RMS 2005 protocols

Evaluated for conservative combined treatment (ultrasound and MRI pre & post CTh) 

No disease extension above level of Trigone

decide this procedure: to have no extension in the bladder
above the level of the trigona, assuming that BT could
sterilize any residual tumor of the prostate and/or of the
bladder neck but could not reach tumor cells at a higher level
in the bladder wall. To try to avoid surgical sequelae (mainly
urinary incontinence), the surgical procedure was a partial
prostatectomy with urethra preservation and/or a partial
cystectomy of the bladder neck or trigona associated, if
necessary, with ureteral extravesical reimplantation.

When the tumor response to CTwas estimated insufficient
to perform a conservative procedure, the CT was continued
for 2 to 3 courses, and a new evaluation was done afterward.
Especially for bladder tumors, the parents and the child were
always informed that the conservative procedure might be
not feasible because of unexpected operative findings and/or
results of frozen sections and that a total cystectomy might be
finally decided and immediately performed.

Implantation of the plastic tubes for BT was always done
during the surgical procedure (Fig. 3). The BT technique
would depend on the tumor location. For bladder and
prostate tumors, plastic tubes were implanted through a
perineal approach consisting of 2 loops encompassing the
prostate and the bladder neck. If necessary, plastic tubes were
maintained by a suture at the level of the loop bridge to avoid
plastic tube geographical modification. For bladder tumors,
the technique consisted of 2 loops encompassing the partial
cystectomy scar. After 5 to 7 days following the surgical
procedure, children were transferred to the BT department of
the IGR. X-rays were performed with dummy sources to
decide upon radioactive source length, according to
histopathological findings and application geometry. Iridium
wires were manually loaded with dosimetry. Paris system
rules were respected, and a total dose of 60 Gy was delivered
with a dose rate of 10 Gy per day. Systematic x-rays were

Fig. 3 Intraoperative insertion of BT tubes and x-ray of the pelvis showing the tubes.

Fig. 2 The MRI of a bladder neck RMS before and after CT at time of local treatment.
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Conclusion: Even if very long-term sequelae of brachytherapy cannot be evaluated, this conservative
combined treatment may allow normal continence in nearly all patients, even after temporary diurnal
incontinence and should be discussed as an alternative to external radiotherapy or radical surgery.
© 2009 Elsevier Inc. All rights reserved.

Outcome in children with bladder-prostate rhabdomyo-
sarcoma (BP RMS) has improved significantly in the last
few decades because of the international collaborative trials
of the International Society of Paediatric Oncology and
Intergroup Rhabdomyosarcoma Study (IRS) group. Chil-
dren with BP RMS have a 5-year overall survival of 82%
in IRS IV study [1] and of 80% in Malignant
Mesenchymal Tumors (MMT) 89 study [2]. The concept
of total burden of therapy with the major problem of late
sequelae is particularly applicable to BP RMS in terms of
local treatment [2]. Local treatment usually performed after
chemotherapy (CT) is represented by surgery completed or
not with radiotherapy.

Bladder preservation is a major goal in BP RMS, and the
number of patients alive with their bladder increased over
successive IRS studies from 23% in IRS I study [3] to 60% in
IRS III study [4] and 83% in IRS IV study [1]. However,
bladder preservation does not mean normal bladder function:
only 40% of the 36 survivors had normal bladder function in
IRS IV study [1]. Moreover, all but 4 patients received
external radiotherapy, and bladder function may be affected
by fibrosis as a late effect of radiotherapy. Total prostatect-
omy associated or not with bladder neck resection conveys a
very high risk of incontinence where performed in very
young children [5], and partial prostatectomy alone has a
very high risk of local relapse [6]. Brachytherapy (BT) has
been used for a long time in France in the multimodal
treatment of BP RMS [7,8] to avoid external radiotherapy in
very young children.

The purpose of this article is to report the results of a
combined local treatment including a conservative surgical
procedure completed with BT, aiming at preserving urinary
and sexual function without jeopardizing survival.

1. Patients and methods

From 1991 to 2007, 26 boys with BP RMS were referred
to our centers (Bicêtre Hospital for surgery and Institut
Gustave Roussy for BT) for a conservative local treatment
(1 patient was treated in 1991 and the others after 1995).
Boys were coming from different hospitals and were treated
according to International Society of Paediatric Oncology
protocols (MMT 89, 95, and 98 protocols) and, more
recently, the current European protocol RMS 2005.

All but 1 patient underwent initial biopsy for a mass
arising from the prostate and/or the bladder (IRS III group).
The other patient was referred for a local relapse after
tumorectomy performed in another hospital. Pathological
material was reviewed by the pathology committee of the
French MMT group. Patients received a standard first line of
CT according to their risk group of treatment : IVA
(Ifosfamide, Vincristine, Actinomycin D) in MMT 89
study [2], IVA or a combination of 6 drugs (Ifosfamide,
Vincristine, Actinomycin D, Carboplatin, Epirubicin, Etopo-
side) in MMT 95 and 98 protocol, and IVA or IVADO (IVA +
Doxorubicine) in RMS 2005 protocol.

Possibility to perform a conservative combined treatment
was assessed by imaging (ultrasound and magnetic resonance
imaging [MRI]) at diagnosis and after CT. Cystoscopy with
biopsies was recommended whenever feasible at diagnosis
and after CT. Patients were not selected at diagnosis but
according to their response to CT: All patients with prostate
tumor (Fig. 1) were good candidates for this procedure
assuming that BT could be performed after tumor resection
even incomplete. As far as BP or bladder-urethra tumors are
concerned (Fig. 2), the exact anatomical localization of the
tumor was determining. One criteria were mandatory to

Fig. 1 The MRI of prostate RMS at diagnosis and after CT at time of local treatment.

191Conservative surgery plus brachytherapy treatment
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decide this procedure: to have no extension in the bladder
above the level of the trigona, assuming that BT could
sterilize any residual tumor of the prostate and/or of the
bladder neck but could not reach tumor cells at a higher level
in the bladder wall. To try to avoid surgical sequelae (mainly
urinary incontinence), the surgical procedure was a partial
prostatectomy with urethra preservation and/or a partial
cystectomy of the bladder neck or trigona associated, if
necessary, with ureteral extravesical reimplantation.

When the tumor response to CTwas estimated insufficient
to perform a conservative procedure, the CT was continued
for 2 to 3 courses, and a new evaluation was done afterward.
Especially for bladder tumors, the parents and the child were
always informed that the conservative procedure might be
not feasible because of unexpected operative findings and/or
results of frozen sections and that a total cystectomy might be
finally decided and immediately performed.

Implantation of the plastic tubes for BT was always done
during the surgical procedure (Fig. 3). The BT technique
would depend on the tumor location. For bladder and
prostate tumors, plastic tubes were implanted through a
perineal approach consisting of 2 loops encompassing the
prostate and the bladder neck. If necessary, plastic tubes were
maintained by a suture at the level of the loop bridge to avoid
plastic tube geographical modification. For bladder tumors,
the technique consisted of 2 loops encompassing the partial
cystectomy scar. After 5 to 7 days following the surgical
procedure, children were transferred to the BT department of
the IGR. X-rays were performed with dummy sources to
decide upon radioactive source length, according to
histopathological findings and application geometry. Iridium
wires were manually loaded with dosimetry. Paris system
rules were respected, and a total dose of 60 Gy was delivered
with a dose rate of 10 Gy per day. Systematic x-rays were

Fig. 3 Intraoperative insertion of BT tubes and x-ray of the pelvis showing the tubes.

Fig. 2 The MRI of a bladder neck RMS before and after CT at time of local treatment.

192 H. Martelli et al.

decide this procedure: to have no extension in the bladder
above the level of the trigona, assuming that BT could
sterilize any residual tumor of the prostate and/or of the
bladder neck but could not reach tumor cells at a higher level
in the bladder wall. To try to avoid surgical sequelae (mainly
urinary incontinence), the surgical procedure was a partial
prostatectomy with urethra preservation and/or a partial
cystectomy of the bladder neck or trigona associated, if
necessary, with ureteral extravesical reimplantation.

When the tumor response to CTwas estimated insufficient
to perform a conservative procedure, the CT was continued
for 2 to 3 courses, and a new evaluation was done afterward.
Especially for bladder tumors, the parents and the child were
always informed that the conservative procedure might be
not feasible because of unexpected operative findings and/or
results of frozen sections and that a total cystectomy might be
finally decided and immediately performed.

Implantation of the plastic tubes for BT was always done
during the surgical procedure (Fig. 3). The BT technique
would depend on the tumor location. For bladder and
prostate tumors, plastic tubes were implanted through a
perineal approach consisting of 2 loops encompassing the
prostate and the bladder neck. If necessary, plastic tubes were
maintained by a suture at the level of the loop bridge to avoid
plastic tube geographical modification. For bladder tumors,
the technique consisted of 2 loops encompassing the partial
cystectomy scar. After 5 to 7 days following the surgical
procedure, children were transferred to the BT department of
the IGR. X-rays were performed with dummy sources to
decide upon radioactive source length, according to
histopathological findings and application geometry. Iridium
wires were manually loaded with dosimetry. Paris system
rules were respected, and a total dose of 60 Gy was delivered
with a dose rate of 10 Gy per day. Systematic x-rays were

Fig. 3 Intraoperative insertion of BT tubes and x-ray of the pelvis showing the tubes.

Fig. 2 The MRI of a bladder neck RMS before and after CT at time of local treatment.

192 H. Martelli et al.

decide this procedure: to have no extension in the bladder
above the level of the trigona, assuming that BT could
sterilize any residual tumor of the prostate and/or of the
bladder neck but could not reach tumor cells at a higher level
in the bladder wall. To try to avoid surgical sequelae (mainly
urinary incontinence), the surgical procedure was a partial
prostatectomy with urethra preservation and/or a partial
cystectomy of the bladder neck or trigona associated, if
necessary, with ureteral extravesical reimplantation.

When the tumor response to CTwas estimated insufficient
to perform a conservative procedure, the CT was continued
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not feasible because of unexpected operative findings and/or
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finally decided and immediately performed.

Implantation of the plastic tubes for BT was always done
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BRACHYTHERAPY TECHNIQUE

• Function preserving surgery 
• Plastic tubes inserted via perineal approach
• 2 loops encompassing prostate & bladder neck
• Orthogonal X Rays for Dosimetry on day 5-7
• Manual afterloading Iridium wires used
• Dose: 60Gy @ 10Gy/ day
• Ext RT added for pts with nodal involvement

EBRT Dose: 45Gy/ 25# @ 1.8Gy/ #

Brachy Dose: 20Gy LDR
• CTh continued as per protocol
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RESULTS

• Follow-up:  Oncology team, Surgeon, Brachytherapist 
• Tools: ultrasound, MRI, and cystoscopy for bladder tumors. 
• Functional results assessed by clinical examination until 6 years of age. 
• After 6 years, children with abnormal symptoms (diurnal incontinence, dribbling, etc) underwent urodynamic studies 
• Parents and/or children were questioned about erection and for the older boys about sexual function. 

Disease Control (Median FU - 4 years):
OS: 24/26 (92%)
Local Failure: 1/26 (4%)
Bladder Dysfunction: 1/22 (4.5%). 4 Pts very young for functional assessment
Boys > 6Yrs: 9/11 (82%) were normally continent
Urinary dribbling could be treated with bladder education

Complications:
Mild Rectal bleeding post brachytherapy
Urethral stenosis (1 pt) 

Erectile Function (2 Boys 17 & 18Yrs): Normal

Conclusion: Even if very long-term sequelae of brachytherapy cannot be evaluated, this conservative combined 

treatment may allow normal continence in nearly all patients, even after temporary diurnal incontinence and 

should be discussed as an alternative to external radiotherapy or radical surgery.
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ERMS Urinary Bladder (3 1/2 Yrs M)
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Tata Memorial Hospital (TMH) Technique for ERMS Urinary Bladder

Dose: 28Gy/ 7# @ 4Gy/ # HDR (One # per day)
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D9602 (n=25), Loc Recc (5Yr): 26% 

ARST0331 (n=16), Loc Recc (2Yr): 43% 

Increased risk of Recc if RT avoided & Cyclo dose < 4.8g/m2
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ERMS Vulva (Post Op Gr III)
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CLINICAL INVESTIGATION Sarcoma

VULVAL AND VAGINAL RHABDOMYOSARCOMA IN CHILDREN: UPDATE AND
REAPPRAISAL OF INSTITUT GUSTAVE ROUSSY BRACHYTHERAPY EXPERIENCE

NICOLAS MAGNÉ, M.D., PH.D.,* ODILE OBERLIN, M.D.,y HÉLÈNE MARTELLI, M.D.,z

ALAIN GERBAULET, M.D.,* DANIEL CHASSAGNE, M.D.,* AND CHRISTINE HAIE-MEDER, M.D.*

*Department of Radiotherapy, Brachytherapy Unit, and yDepartment of Pediatric Medical Oncology, Institut Gustave Roussy,
Villejuif, France; and zDepartment of Pediatric Surgery, Hôpital du Kremlin-Bicêtre, Bicêtre, France

Purpose: To report the Institut Gustave Roussy brachytherapy (BT) experience in the management of vulval and
vaginal rhabdomyosarcoma with special emphasis on long-term outcome.
Patients and Methods: Between 1971 and 2005, the data concerning 39 girls who had undergone BT as a part of
their treatment were retrospectively analyzed. Of the 39 girls, 20 had been treated before 1990, when the BT vol-
ume encompassed the initial tumor extension. After 1990, only residual disease was included in the BT volume.
Side effects were classified using the Common Terminology Criteria for Adverse Events, version 3.0.
Results: The median age was 16.3 months at diagnosis. Vaginal or vulvar rhabdomyosarcoma was diagnosed in 26
and 6 patients, respectively. The median follow-up was 8.4 years. The 5-year overall survival rate was 91%. Of the
39 patients, 6 developed a relapse. Of the 20 patients treated before 1990, 6 experienced Grade 1-2 renal/genito-
urinary function symptoms and 75% developed sequelae, in the form of vaginal or urethral sclerosis or stenosis.
Four patients received follow-up treatment for psychological disorders. Of the 19 patients treated after 1990, 2 de-
veloped acute side effects, with maximal Grade 1-2 renal/genitourinary function symptoms, and 20% developed
vaginal or urethral sclerosis or stenosis. Two cases of psychological disturbances were also documented.
Conclusion: Reducing the BT volume coverage, better indications for surgery, and more efficient chemotherapy,
all combined within a multidisciplinary approach, tended to improve results in terms of both survival and long-
term sequelae. ! 2008 Elsevier Inc.

Rhabdomyosarcoma of genital tract, Vulval cancer, Vaginal cancer, Quality of life, Long-term sequelae, Brachy-
therapy, Childhood cancer.

INTRODUCTION

Rhabdomyosarcoma (RMS) arising in the vulva or vagina in

children is rare and accounts for only 3.6% of all pediatric

RMS (1, 2). Moreover, RMS of the female genital tract is

one of the most curable forms of RMS. A multidisciplinary

approach, including more efficient chemotherapy, conserva-

tive surgery, and limited radiotherapy (RT) such as brachy-

therapy (BT), have led to improved success rates (3, 4).
An important issue in this population is the incidence of

complications. Careful long-term follow-up is essential to

prospectively record all long-term therapy-related adverse

effects. It is often difficult to determine the cause of late com-

plications because of the heterogeneity of the treatments ini-

tially used to manage this disease (5–9). In the case of genital

tract RMS, major long-term complications can potentially

impair genitourinary function and adversely affect fertility.

More recently, have studies some reported on psychological

effects occurring in patients treated during childhood for
cancer, and on effect of such treatments on their quality of
life (10, 11).

Few institutional studies have reported their experience in
the management of this rare disease (12–24). The Institut
Gustave Roussy experience is the most extensive ever re-
ported. Gerbaulet et al. (18) described their first experience
with conservative treatment in 14 gynecologic RMS patients,
with special emphasis on the role of BT. Flamant et al. (14–
16) reported on the long-term sequelae in 17 girls with vulval
or vaginal RMS treated with low-dose-rate BT. More
recently, Martelli et al. (21) reported the overall results for
38 patients with genital tract RMS (vulval, vaginal, cervical,
and uterine lesions) treated with two different International
Society of Paediatric Oncology protocols (21).

The aim of the present study was to report, update, and
reappraise the Institut Gustave Roussy BT experience in
the management of vulval and vaginal RMS in terms of
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• 39 Girls from 1971 - 2005 
• Before 1990 (20): Target volume included pre treatment disease 
• After 1990 (19): Target volume included residual disease only 
• Dose: 50 - 60Gy @ 10Gy/ day 
• Median Age: 16.3 mths 
• Median Follow up: 8.4Yrs 
• OS: 91% at 5 Yrs 
• Local Relapse: 6/36 (17%) 
• Complications: 

• Vaginal or Urethral Stenosis: Pts treated before 1990 - 75%  

                                                      Pts treated after 1990 - 20%
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Clinical Investigation

20-Year Experience With Intraoperative
High-Dose-Rate Brachytherapy for Pediatric
Sarcoma: Outcomes, Toxicity, and Practice
Recommendations
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Summary

Intraoperative radiation ther-
apy (IORT) for pediatric
sarcoma may improve local
control while permitting
external beam dose reduc-
tion. In this retrospective
study, we examined the out-
comes and acute and chronic
toxicity for all pediatric pa-
tients treated over the past
20 years with IORT at our
institution, representing the
largest study of its kind with
the longest follow-up. This

Purpose: To assess outcomes and toxicity of high-dose-rate intraoperative radiation
therapy (HDR-IORT) in the management of pediatric sarcoma.
Methods and Materials: Seventy-five pediatric patients underwent HDR-IORT for
sarcoma fromMay 1993 to November 2013. Themedian agewas 9 years old (36 patients
were !6 years old). HDR-IORTwas part of initial therapy in 37 patients (49%) and for
recurrent disease in 38 patients (51%). Forty-one patients (55%) received HDR-IORT
and postoperative external beam RT (PORT), and 22 patients (29%) were previously
treated with external beam radiation therapy to the IORT site. Local control (LC), overall
survival (OS) and event-free survival (EFS)were estimated usingKaplan-Meiermethods.
Results: At amedian follow-up of 7.8 years for surviving patients, 5-year projected rates
of LC, EFS, and OS were 63% (95% confidence interval [CI] 50%-76%), 33% (95% CI
21%-45%), and 43% (95%CI 30%-55%), with amedian survival of 3.1 years. The 5-year
LC, EFS, andOS rates for patients with recurrent diseasewere 46% (95%CI, 28%-64%),
30% (95% CI, 13%-46%), and 36% (95% CI, 18%-54%). Acute toxicity "grade 3
occurred in 2 (2.5%) treatments; late toxicity "grade 3 occurred in 4 (5.3%) patients
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treatment details are provided in Table 2. GTRwas possible in
76 (94%) of procedures; the remaining 5 procedures (6%)
were subtotal resections. Final pathologic margins were
negative in 25 procedures (31%), close (!1 mm) in 10 pro-
cedures (12%) and positive in 45 procedures (56%); in one
procedure (1.2%), the margin status could not be determined
from the submitted samples. HDR-IORT and postoperative
external beam RT (PORT) were used to treat 41 patients
(55%); 22 patients (29%) were previously treated with
external beam radiation therapy to the site receiving
HDR-IORT. The median HDR-IORT dose was 12 Gy (range
4-17.5 Gy); for patients who previously received external
beam radiation to the site (24 treated sites), the median HDR-
IORT dose was also 12 Gy (range 8-17.5 Gy). For patients
!6 years of age the median HDR-IORT dose was 12 Gy
(range 4-15Gy).Whenused,median dose of PORTwas 36Gy
(range 15-53.4 Gy), accounting for HDR-IORT dose to allow
for dose reduction. Of the previously irradiated lesions
(nZ24), 6 received HDR-IORT and PORT, with median
PORT dose of 38.7 Gy (range 30.6-50.4 Gy), which was not
significantly different from that in patients without prior RT.

Toxicity

In the acute setting (<90 days of HDR-IORT), 1 case of
acute encephalitis was observed, felt to be unrelated to
HDR-IORT treatment. In the late setting (>90 days of
HDR-IORT), 1 case of grade 3 dermatitis was observed
distant to the treated site and felt to be related to chemo-
therapy, and 2 cases of grade 3 neuropathy were noted in
the setting of full-thickness nerve resection at time of sur-
gery, unrelated to HDR-IORT treatment. Growth abnor-
malities were common in treated patients, but were not
likely secondary to HDR-IORT, and more likely due to
external beam radiation therapy.

Acute toxicities "grade 3, possibly related to HDR-
IORT, occurred following 2 treatments (2.5%), consisting
of 1 delayed wound healing in an abdominal incision and 1
veno-occlusive disease in the liver. The patient with
delayed wound healing was a 3 year-old male with no prior
radiation treatment who received 12 Gy HDR-IORT at the
time of surgery and PORT to 36 Gy, as well as a total of 4
courses of chemotherapy. The tumor involved the anterior
abdominal wall and was close to the skin; therefore, it was
not possible to completely shield the skin during HDR-
IORT. He recovered well without long-term sequelae. The
patient with veno-occlusive disease of the liver was a 3
year-old male with no prior radiation treatment but multiple
courses of prior hepatotoxic chemotherapy who received
9 Gy HDR-IORT to the porta hepatis at the time of surgery;
following recovery from surgery he was treated with whole
abdominal and pelvis radiation therapy to 24 Gy and
developed hepatic veno-occlusive disease at the end of
EBRT. He recovered with no long-term liver dysfunction,
and is alive and well 11 years later.

At a median 7.8-year follow-up for surviving patients,
late toxicities "grade 3 possibly related to HDR-IORT
occurred in 4 (5.3%) patients at a median of 4.8 years
(range 0.3-9.9 years) after HDR-IORT, including periph-
eral neuropathy (1.3%), small bowel infarct (1.3%),
bronchoesophageal fistula (1.3%), and aortic stenosis
(1.3%). The patient who developed peripheral neuropathy
8.8 years after HDR-IORT was a 6 year-old male with no
prior radiation treatment who received 15 Gy HDR-IORT
at the time of surgery and PORT to 45 Gy, as well as 2
courses of chemotherapy; the affected nerve was also
extensively manipulated (neurolysis) at the time of sur-
gery. The patient who developed bronchoesophageal fis-
tula 4 months after HDR-IORT was a 3 year-old female
with no prior radiation treatment who received 15 Gy
HDR-IORT at the time of surgery; the fistula developed in
the setting of an acute fungal infection while receiving
subsequent chemotherapy at an outside institution, and
was located >5 cm from the treated site on the pleura. The
patient who developed a small bowel infarct 11 months
after HDR-IORT was a 6 year-old male with no prior
radiation treatment but 3 prior abdominal surgeries, who
received 12 Gy HDR-IORT at the time of surgery and
PORT to 45 Gy, as well as 2 courses of chemotherapy. The
case of aortic stenosis 9.8 years after HDR-IORT occurred
in a 5 year-old female with no prior radiation who un-
derwent extensive surgical manipulation and aorta repair at
time of surgery, and received 12 Gy HDR-IORT 12 Gy and
PORT to 30.6 Gy, with prior and subsequent chemo-
therapy. The incidence of toxicity grade "3 was not
associated with HDR-IORT applicator size (PZ.81),
HDR-IORT dose (PZ.76), prior RT (PZ.46) or PORT
(PZ.49), or prior or postoperative chemotherapy (PZ.54
and .81, respectively), and all but 1 toxicity grade "3
occurred in patients !6 years treated with HDR-IORT
doses "12 Gy. Only 1 toxicity grade "3 was observed
in the relapsed/recurrent setting.

Table 2 HDR-IORT characteristics by treatment

Characteristic

No. of
patients
(NZ81) %

Location
Pelvis 26 25.5
Retroperitoneal 16 15.7
Thoracic 19 18.6
Extremity 8 7.8
Abdominal 5 4.9
Head and Neck 5 4.9
Other/Mixed 2 2.0

Median channels used (range) 6 (2-12)
Median treated area (cm2) (range, cm2) 30 (4-345)
Shields used 68 66.7
Median IORT overall dose (range [Gy]) 12 (4-17.5)
Median IORT dose for previously

irradiated patients (range [Gy])
12 (8-17.5)

Abbreviation: HDR-IORT Z high-dose-rate intraoperative radiation
therapy.
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• Paediatric Sarcomas
• 1993 - 2013
• 75 Children treated at MSKCC with HDR IORT
• Surgery + IORT (45%) +/- EBRT (55%)
• HDR IORT Dose: Median 12Gy (Range 4-17.5Gy)
• Median FU: 7.8Yrs
• LC: 63%
• EFS: 33%
• OS: 43%
• Acute Toxicity (> Gr III): 2.5%
• Late Toxicity (>Gr III): 5.4%
• Toxicity reduced with reduction in HDR IORT Applicator size
• HDR IORT Dose <12Gy result in reduced complications
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Results: 
 Optimal disease control 

 Reduced toxicity 

Advantages over Ext. Radiotherapy: 
 Shorter overall treatment time (4-6 days vs. 5-6 wks) 

 Post-op RT can be started sooner 

 Smaller irradiated volume 

 Reduced toxicity, Better functional outcome 

 Less Expensive 

   

Disadvantages: 
 Restricted target coverage 

 Difficult for lesions close to neurovascular bundle 

 Learning Curve & Expertise
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