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Diagnostic Imaging for Pediatric Radiation Oncology
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—{Abstract————

. e

‘ The therapeutic policy for pediatric cancer is a concept of “total cell kill", and

and surgery.

the staging system.

radiotherapy developed with combined modality therapy such as systemic chemotherapy

} Diagnostic radiologists must realize the treatment principles for pediatric cancer and

are described.

Some cases of pediatric cancer (Wilms tumor, neuroblastoma and rhabdomyosarcoma) |
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Table 1 National Wilms Tumor Study (NWTS) Staging System

Stage I (43% of patients)
The tumor is limited to the kidney and was completely excised, The renal capsule has an intact outer
surface, The tumor was not ruptured or biopsied prior to removal. The vessels of the renal sinus are not
involved, There is no evidence of tumor at or beyond the margins of exsection.
Stage (23% of patients)
The tumor extends beyond the kidney, but was completely resected. There is regional extension of tumor
(i.e., penetration of the renal capsule, or extensive invasion of the renal sinus). The blood vessels
outside the renal parenchyma, including those of the renal sinus, contain tumor, The tumor was biopsied
(except for fine needle aspiration) , or there was spillage of tumor hefore or during surgery that is confined
to the flank, and does not involved the peritoneal surface. There is no evidence of tumor at or beyond the
margins of resection,
Stagell (23% of patients)
Residual non-hematogenous is present, and confined to the abdomen. Any one of the following may occur !
1. Lymph nodes within the abdomen or pelvis are found to be involved by tumor. (renal hilus, para-
aortic chains or beyvond). (Lymph node involvement in the thorax. or other extra-abdominal sites
would be a criterion for stage V),
2. The tumor penetrated through the peritoneal surface,
3. Tumor implants are found on the peritoneal surface,
4. Gross or microscopic tumor remains post-operatively (e.g.. tumor cells are found at the margin of
surgical resection on microscopic examination) .
5. The tumor is not completely resectable because of local infiltration into vital structures.
6. Tumor spill not confined to the flank occurred either before or during surgery.
StagelV (10% of patients)
Hematogenous metastases (lung, liver, bone, brain, etc.), or lvmph node metastases outside the
abdomino-pelvic region are present.
StageV (5% of patients)
Bilateral renal involvement is present at diagnosis,

Table 2 National Wilms Tumor Study - 5 protocol

stage | /favorable — —— surgery —— no RT no CT
less than 24 months, tumor weighing less than 550g.

stage | /favorable —————— surgery —— no RT - EE4A AMDVCR (18 weeks)
more than 24 months,| tumor weighing more than 550g.
| /anaplasia(focal of diffuse) —

——— surgery —— no RT ———— EE4A  AMD-+VCR (18 weeks)
-DD-4A  AMD-+VCR+ADR (24 weeks)

stage Il /favorable

stage lll /favorable ———— surgery —— 1080cGy
stage Il - lll /anaplasia (focal) —

stage IV /favorable ———— - surgery —— 1080cGy —— DD-4A  AMD-+VCR+ADR (24 weeks)
stage [\ /anaplasia (focal) ——

stage | -lll /CCSK ——— surgery —— 1080cGy —— 1 AMD+VCRACPM-+VP-16 (24 weeks)
stage Il -1V /anaplasia (diffuse) — surgery —— 1080cGy —— 1 AMD+VCR+-CPM-+VP-16 (24 weeks)
stage [ -1V /rhabdoid tumor —— surgery —— 1080cGy RTK CBDCA-+VP-16+CPM (24 weeks)

AMD=dactinomycine (actinomycin D), beginning within 5 days post-nephrectomy (during week )

VCR=vincristine, beginning within 7 days post-nephrectomy (during week 1) VP-16=-etoposide

ADR=doxorubicin (Adriamycin) CPM =cyclophosphamide CBDCA=carboplatin

Postoperative Radiotherapy : Treatment is started not later than day 9 (the day of surgery is day 0)
and given in daily 180 cGy doses five days a week.
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Fig.1 Wilms tumor, a 3-year-old girl, stagell
a : Aortography revealed tumor feeded by the right renal artery,
b IVC-graphy revealed tumor emboli in the right renal vein (arrow) .
¢ Enhanced CT scan (at admission) showed beak sign of the kidney.
d ! Simulation film for postoperative radiotherapy.
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|
Fig.2 Wilms tumor, a 2-year and 4-month-old boy, stagelV ,E“erbi
a ! Chest X-ray revealed coin lesions (arrows) . dje
b . EU showed acute urinary tract obstruction and coin lesion in the right lung base.

- MRI showed huge high and low intensity mass on T2WI.
: Enhanced CT scan showed huge abdominal mass (at admission) .
. After 4 weeks chemotherapy, CT scan revealed the tumor decreased in size,

[ =" ]
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[ After 9 weeks' chemotherapy. CT scan revealed the tumor more decreased in size and these
images indicated radical-operability.

& Whole abdominal simulation film (started at day 9 (1050cGy /13 fx/10 days)).

h: Whole lung simulation film (started at day 52 (1200cGy/16 fx/17days) ).

Table 3 International Neuroblastoma Staging System (INSS)

Stage 1 : localized tumor with complete gross excision, with or without microscopic residual disease ;
representative ipsilateral lvmph nodes negative for tumor microscopically (nodes attached to and removed

with the primary tumor may be positive) .

Stage 2A ! localized tumor with incomplete gross excision | representative ipsilateral nonadherent lymph
nodes negative for tumor microscopically.

Stage 2B ! localized tumor with incomplete gross excision ; representative ipsilateral nonadherent lymph
nodes negative for tumor microscopically,

Stage 3 . unresectable unilateral tumor infiltrating across the midline, with or without regional lvmph node
involvement : or localized unilateral tumor with contralateral regional lymph node involvement : or midline
tumor with bilateral extension by infiltration (unresectable) or by lymph node involvement. The midline
is defined as the vertebral column. Tumors originating on one side and crossing the midline must infiltrate
to or beyvond the opposite side of the vertebral column.

Stage 4 © any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin,
and/or other organs (except as deflined for stage 4S) .

Stage 4S . localized primary tumor (as defined for stage 1, 2A, or 2B), with dissemination limited to skin,
liver. and/or bone marrow (limited to infants less than 1 year of age). Marrow involvement should be
minimal (i.e., <10% of total nucleated cells identified as malignant by bone biopsy or by bone marrow
aspirate), More extensive bone marrow involvement would be considered to be stage 4 disease. The
results of the meta- iodobenzylguanidine (MIBG) scan (if performed) should be negative for disease in
the bone marrow,

17
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Table 4 Protocol for Neuroblastoma in National Children’s Hospital

stagel—— 'S (GR) ——————— no RT no CT or mild CT
stage [l ’ S (CR) no RT—— mild CT
—————— S (no CR or unfavorable type) — RT - mild CT
stage lll T S 7 RT* —— intensive CT+/-ABMT
intensive CT —— S (delayed primary) - —
stage [V-A —— intensive CT —— S (delayed primary) —— RT* - intensive CT-+/-ABMT

stagelV-B —
stage [V-S

(CT or RT#**)

S — no RT no CT or mild CT

S=surgery
CR=complete resection
CT=chemotherapy

mild : JAMES method (vineristin 1.5mg/ i, cyclophosphamide 300ng/ " on alternate weeks)
intensive : multiagent chemotherapy-doxorubicine, DTIC, cisplatinum, etc.
RT=radiotherapy
RT*  intraoperative radiotherapy for elder children
CTor RT** ! emergency therapy to avoid liver rupture or impediment of circulation

IV's
-

%

bt 04

o
N
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Fig.3 Neuroblastoma, a 3-year-old boy, stagell (N-myc : 70 copies)
a . Enhanced CT scan revealed huge calcified left adrenal mass with paraaortic lymphnode
metastases,
b * After 4 cycle chemotherapy, CT scan revealed the tumor decreased in size and these images
indicated radical-operablity.
¢ : Simulation film for postoperative radiotherapy.
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Fig.4 Neuroblastoma, an 11-month-old girl, stageVA
a. Enhanced CT scan revealed left adrenal mass with calcification and paraaortic lymphnode

d:

melastases,

: Head CT scan showed bilateral temporal bone metastases.

1 1-123 MIBG scintigram (at admission) showed positive findings at multiple skeletal regions and
primary lesion. Bilateral temporal lesions were bone metastases, but other lesions were bone
marrow metastases.

After 3 cycle chemotherapy, [-123 MIBG scintigram showed positive finding at right temporal

lesion and other lesions were negative.

: After 5 cycle chemotherapy and temporal irradiation, all skeletal findings had disappeared.
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Table 5 Intergroup Rhabdomyosarcoma Studies (IRS) clinical grouping system

Group I (13% of all patients) : localized discase that is completely resected with no regional nodal
involvement.

Group I (20% of all patients)
Group Il A @ grossly resected tumor with microscopic residual disease, but no regional nodal invelvement,
Group I B : regional disease with involved nodes, with complete resection and no residual disease,
Group Il C © regional discase with involved nodes, grossly resected. but with evidence of microscopic
residual and/or histologic invalvement of the most distal regional node (from the primary site).
Approximately are in this group.

GroupIll (48% of all patients) : incomplete resection (or biopsy only) of the primary site and therefore has
gross residual disease,

GrouplV (18% of all patients) : distant melastatic disease present at the time of diagnosis.
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Fig.5 Rhabdomyosarcoma (retroperitoneal origin),
a 6-year-old girl, stagell
a . Ga-67-citrate scintigram showed positive finding of
primary lesion, but metastasis was not detected.
b After 2 cycles chemotherapy, Ga-67-citrate
scintigram showed positive finding of primary
lesion decreased in size.
¢ ! After 5 cycles chemotherapy, Ga-G7-citrate
scintigram showed negative finding in the pelvis.
d : MRI showed huge high intensity mass on T2WI,
:Enhanced CT revealed huge pelvic mass with
high and low density region at presacral retro-
penitoneum,

o

21



144 HA/NREOH B S HEE

ARAER R E

OHHENIFIE 12 Ga-67-citrate &

AR O
FII71ERVEZ EIZS TN,
FEEIZ LD GabTH R E R 5
I T-201-chloride & & %
EhTna,
SR O, BRGNS i
Jiﬁﬁ)vhbillly Dzl £ T1-201-chloride > » F

757 4 AN ST 46,100

M&AW"dﬂU%MmQ//f "5 7 4 Bk
PR & fRM gz nw s h T a0
fER) 6. GERUHAME (RUMAEESE), 5m 318

BB, stagell

SRPH - PEIERIE G TR ABE, CTA F v
(Fig.6a), MRI (Fig.6b) {Z CUli#sE A Wi#E L |
Il TS U - G0 GRS A iR,

=HTHhDy,
757 4 BHFHE

22

Fig.5
f © After 5 cycles chemotherapy, CT scan revealed

Zhid{kZ

WA O B At i I T R 50 A i

the tumor decreased in size and these images
indicated radical-operability.

: Simulation film for postoperative radiotherapy

revealed markers of the left ovary which was re-
located oulside the radiation field (arrows).
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Fig.6 Rhabdomyosarcoma (nasopharyngeal origin),
a 5-year and 3-month-old boy, stagell

a . Enhanced CT revealed huge nasopharyngeal mass with bone destruction of skull base,

b - MRI showed huge nasopharyngeal mass adjacented to the brain on T1WI,

¢ ! After radiation therapy (5000cGy/25 fractions/33 days) , MRI showed residual mass with Gd
enhancement on TIWI,

d: One year later, MRI showed no mass at the nasopharynx on T1WTI.

e . SPECT of Ga-67-citrate (sagittal view) at first admission showed positive finding in the nasopharynx
(arrow) .

[ © After radiation therapy (5000cGy/25 fractions/33 days) , SPECT of TI-201-chloride (sagittal view)
showed negative finding in the nasopharynx (arrow)

23
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Fig.6
g+ Linacgraphy showed huge nasopharyngeal
mass in the radiation field.
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