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Background & Objectives : Frameless fractionated stereotactic radiotherapy(FFSRT) is a modi-
fication of stereotactic radiosurgery(SRS) with radiobiologic advantage of fractionation without
losing mechanical accuracy of SRS. Local recurrence of head and neck cancer at or near skull
base benefit from reirradiation. Main barrier to successful palliation is dose limitation secondary
to normal tissue tolerance. We try to evaluate the efficacy and safety of FFSRT as a new
modality of reirradaton in these challenging patients.

Materials & Methods : Seven patients with recurrent head & neck cancer involving at or
near skull base received FESRT from September 1995 to November 1997. Six patients with
nasopharyngeal cancer had received induction chemotherapy and curative radiation therapy.
One patient with maxillary sinus cancer had received total maxillectomy and postoperative
radiation therapy as a initial treatment. Follow-up ranged from 11 to 32 months with median
of 24 months. Three of 7 patients received hyperfractionated radiadon therapy(1.1 -1.2Gy/
fraction, bid, total 19.8 -~ 24Gy) just before FFSRT. All patients received FESRT(3 - 5Gy/
fraction, total 15— 30Gy/5 — 10fractions). Chemotherapy(cis-platin 100mg,/m’) were given
concurrently with FESRT in four patients. Second course of FFSRT were given in 4 patients
with progression or recurrence after initial FFSRT. Because IF(irregularity factor ; ratio of
surface area of target to the surface area of sphere with same volume as a target) is too big to
usc conventional stereotactic RT using multiple arc method for protection of radiation damage
to critical normal tissue, all patients received FFSRT with conformal method using irregular
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static ports.

Results : Five of 7 patients showed complete remission in follow-up CT & /or MRI.

Three of these five padents who developed marginal, in-ficld, and out-field recurrences,
respectively. Another one of complete responders has been dead of G-I bleeding without
evidence of local recurrence. One partial responder who showed progressive disease 15 months
after initial FFSRT has received additional FFSRT, and then he is well-being with symptomatic
improvement. One minmal responder who showed progression of locoregional discase 9
months after 1" FESRT has received 2nd FFSRT, and then he is alive with stable discase.

Five of 7 case had showed direct invasion to skull base and had complaint headache and
various symptoms of cranial nerve involvement. Four of these five case showed improvement of
neurologic symptoms after FFSRT. No significant neurologic complicaltion related to FESRT

was observed during follow-up periods.

Tumor volumes were ranged from 3.9 to 50.7 cc and surface area ranged from 16.1 to 114.9
em’. TF ranged from 1.21 to 1.74. The average ratio of volume of prescription isodose shell to
target volume was 1.02 that indicated the improvement of target coverage and dose
distribution with FFSRT with conformal method compared to target coverage with FESRT

with multiple arc method.

Conclusion @ Our initial experience suggests that FFSRT with conformal method was relatively
effective and safe modality in the treatment of recurrent head and neck cancer involving at or near
skull base. Treatment benefit included good palliadon of symptoms and reasonable radiographic
response. However, more experience and additional follow-up are needed to better assess its

ultimate role in treating these challenging patients.

KEY WORDS : Frameless fractionated stereotactic radiotherapy - Recurrent head and neck

cancers.
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Table 1. Patients characteristics and treatment methods

Primary site Age / Sex Stage* HPF** 1% FFSRT(fraction)® 2™ FFSRT Chemotherapy”
1. Nasopharynx 40/M TANO 240 16.25(3.25 X 5) - +
2. Nasopharynx 62/F T4NO - 22.50(4.50 X 5) - -
3. Nasopharynx 51/M T4NO - 22.50(4.50 X 5) 15.0(3.0%5) -
4. Maxillary sinus 38/M T4NO 24.0 25.0(5.0%5) - +
5. Nasopharynx 63/M T4N2 19.8 22.5(4.5 X5) 15.0(3.0x5) +
6. Nasopharynx 54/M T2NO - 30.0(5.0X6) 36.03.0x12) +
7. Nasopharynx 33/F TINO - 30.0(3.0xX10) 36.0(3.0x12) -
*Stage at that time of recurrence
**HPF . Hyperfractionated radiation therapy(1.1 - 1.2 Gy/fractionation, bid)
@ FFSRT dose(Gy)
# Concurrent Chemotherapy(cis-platin 100mg/m? X 2 cycle
Table 2. Biologically effective dose(BED)* ,
patient Previous RT Hyperfractionated RT 1" FFSRT 2™ FFSRT Cummulative dose
T N** T N N T N T N
1. 7111 96.42 26.88 33.60 21.53 33.85 - - 119.52 163.87
2. 78.69 106.70 - - 32.63 56.25 - - 111.32 162.95
3. 77.87 105.58 - - 32.63 56.25 19.50 30.00 129.50 218.43
4, 64.48 87.44 26.88 33.60 37.50 66.67 - 128.86 187.71
5. 77.04 104.46 22.18 27.72 32.63 56.25 19.50 30.00 131.85 188.43
6. 78.12 108.50 - - 45.00 80.00 46.80° 72.00°  123.12 188.50
7. 77.04 104.46 - - 39.00 30.00 46.80 72.00 154.84 206.46

# BED=total radiation dose X realtive effectiveness
@ 2nd FFSRT for new lesion(out-field recurrence)

A FLE 3~5GyR 5~128]o] AH F 15~
36Gy7F ZAEA 1, o) F FAFAVE Ao] o}
Akol] o) 4|94 15~36Gy2] 23+ FFSRT/| 57}
2 APEUTHTable 1). 55 347} ol @ o] B42u
AR ARE W2 7S] JYAn, Add Tl A
Age] YF-EA FEDEAAARE T2 FH7I0,
FFSRT doseE E§3t vhabak £83A o] AR
&2 A8 5 ZHBED, Biologically Effective
Dose)® $13196& o], Fde] BEDE 111.32~154.
84Gy, B33 249 BEDE 162.95~218.43Gy,
HrHTable 2).
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g & Je Wgoz B A7 AE "Ponit Reference
System (Northwest Medical Physics Center, Seat-
tle, USA)3)& AM&8l] FFSRTE Al3slded, 1
A5y 2 WEE b 2ok 7189 WA &

*T ; BED for tumor(Gyio)
**N ; BED for late responding normal tissue(Gys,)
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Fig. 1. Point Reference System ; 3 navigational markers are
used for reference point for localization.
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A (Fig. 2). o1& A Eﬂv‘:— 23]
whof] ARl ¥1Q17HE%0] 4% 5 (sphenoid sinus)#
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2, AN s2A AEAEAAE 24Gy(1.2Gy/frac~
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Fig. 2. A ; 38 years old male pattient with recurrent maxillary sinus cancer involving skull base. B ; complete response after
FFSRT.
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Table 3. Response, clinical course and outcome of patients

Response* Clinical course & outcome of patients Overall survival**
1 CR Marginal recurrence(12 months) --- Dead with disease 26
2 CR Dead without disease(due to G-l bleeding) 6
3. PR Progression(15 months) - Stable disease after 2™ FFSRT 30
4. CR Alive with NED 30
5 MR Progression(9months) —--Stable disease after 2™ FFSRT 24
6 CR Out-field recurrence(13 months) — CR after 2™ FFSRT 17
7. CR In-field recurrence(11 months) — CR after 2" FFSRT 1
*Radiologic response, CR ; complete remission, PR ; partial remission, MR ; minimal response
**Qverall survival after recurrence(months)
AAA SR debse] AR ¥ o g Aielts Table 4. lrregularity factors(iF)®
AEE% 59.4Gye] WAMIXEE W3 Tidte| patients /et Surface area I Number
EAZIARR Adete] 24Gy(1.2Gy/fraction. bid)<] volumetcd _ (cm) of ports
ARPPIAL ¥ 26Cyel FRSRTF gz 0 0 O e :
SUEA AEFeIH. HRlA A sxal skt 3 18971060 S1IAE 1SS 67
2% 870Gy} SAARAIN EF 2470 kel A 4. 39 16.1 135 6
g v)Ql7te] HPMEdo 2 FFSRT 30GyF ¢ 5 5.2/28.5% 20.7/71.6% 1.43/1.6*  6/6*
A7t HAR ot 1370 gt 2444 sho] w7z A 6.  18.1/50.7% 41.6/1149% 1.26/1.74*  7/6*
dhglo] | A 29 Wi thsl FFSRT 36Gy:§: A2} A 7 23.7/18* 48.0/46.0* 1.21/1.39* 6/7*

Futy 4 P e 1ER AEFo|th oA
A FAbe vl HR A Ege s fEsle e
2 70.2Gye SAA PAIXEF AR o) A
shol AR NPRe AT N E 15785 H)
A Aoz FaAwEle 30Gye] FFSRTS ¢
el A4S Hgoy 1dwe] 144 A
8lod 36Gye] FFSRTE ANt Al3itar =4 de)) Ael
2 AYEFolth

FFSRT ¥ ¥-E#818 9l 18« vk vl
Ao g 70.2GyY] 22 A HAMR BE AP (clivus)
% AEE AHeHE FTAALE 22.5Gy9] FFSRT
F 150 Eel] ML dBlE Task] AlQE
A7\ gt dn FAAYPLTS Be) 156Gy
FFSRTE AAF AT 2749 34 Bja Buds
(stable disease) Bl E 3070 AEZo|t},

A0 vhe-g BYW 18l w172 B e E
oz 3aE FEsistey 9 70.2Gye 23F WA
AN S 1RETe] FAZIAR 2 w1 o s Ahd
3lo] 19.8Gye] FHETAAAE 2 225Gye] FFS-
RTE Aldworont o7l gho] 4735 15Gy9
FESRTE AAF Al s B2 Je 2 2471 YA

@ IF=surface area/(10.6 X target volume)0.66
ratio of surface area of target to the surface area of
sphere with same volume as a target
1-1.20 ; Conventional arc technique
1.21-1.30 ; Think about conformal technque
>1.31 ; Conformal technique

*2™ FFSRT
AZ&ZoltHTable 3).
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W HqAE S o] St A4S #EEA] gk A8
AE oA DA Fo R FhF Aud FEoled,
FFSRT} ##8 HAAEY L FA70ET 23y
2] skt 221 FRSRTA Hl7 A% 2 ure] 4571 A
SR AR 1llellM Mg
Al HEYE shsg ot 24 A
Rom Hut falge] AAL HEEHA Wk

Zokol 232 3.9~50.Tcc, EHAL 16.1~114.9
cm?, BFEAE 1.21~1.74% 78 25 confor-
mal method”} 2 &=1tH(Table 4).
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Fig. 3. A case of nasopharyngeal caner who had recurrent
lesion close to left optic nerve. A ; The high pres-
cription dose shell strictly covered the exact shape
of irregular target. B ; The left optic nerve was ef-
fectively spared by FFSRT using conformal method.
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ol AF7HE7)E o &3 SRSE single dose 125Gy
& Al 3 dle AsF 1d FH7RR FHd
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AR28PE FE M FRF (gpherical dose distribu-
tion)ol] 98 FAFH FF2A 9] FFFE] D&
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AR 2 2 AR TaAER NS
o gt A549 FALHLe=2A, conformal method
Z 0|83t FFSRTVF vlwa &3fFo|HA% sk
AL ¢ Jde AKX AR E PHES Ao g
AT & U FF ALY g TH U B
< ZH9 8 € AE AR Bl AN
Aas Fo P Hoteta, ofge] FaA &S
FAIA717] 93t Azl T (dose escalation study)
ol 288 Ao = AlgHArt.
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