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Table 1. Clinical Characteristics of the Patients

M 2 102 IsER

Variables Mean S.D.
Age (year) 57.1 103
Hemoglobin (g/dL) 12.1 18
WBC (/uL) 6,431.1 22400
Platelet (x1,000/uL) 259.2 72.8

Variables Value Number  Percent
Age (years) 20~29 1 0.1

30~39 42 57

40~49 120 16.2

50~59 263 354

60~69 241 324

70~79 72 9.7

80~89 4 0.5

FIGO stage IB 198 26.7
IIA 77 10.4

IIB 364 49.0

I A 7 0.9

Il B 89 12.0

IV A 8 11

Tumor size (cm) <3.0 189 254
3.0~59 449 60.4

>6.0 105 14.1

Tumor shape Exophytic 155 20.9
Endophytic 588 79.1

Tumor histologic ~ Squamous 689 92.7
subtype Adeno 40 54
Adenosquamous 9 12

Others 5 0.7

Pelvic lymph Negative 666 89.6

node Positive 77 10.4
Total 743 100.0
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A Spilit course treatment scheme
Time 1 wk 2 wk 3 wk 4 wk 5wk 6 wk 7 wk 8 wk 9wk
EBRT [N [ VA [ VAN VA (Vv |
Fig. 1. Two standard protocols for
ICR 44 44 44 combination of EBRT and ICR in
Yonsei University Medical center.
B Continuous course treatment scheme | External RT on whole pelvis
18 Gy/d; i External RT mldhne
Time 1 wk 2 wk 3 wk 4 wk 5 wk 6 wk 7 wk 8 wk 9 wk shielding 1.8~2.0 Gy/d; | Exter-
EBRT |\ | Wb | bl \l/\l/‘J_/‘J_/ \l/\l/\l/\l_' \l/\l/VV Y nal RT parametrial boost 2.0 Gy/
d; 7 HDR-ICR 5 Gy to point A/
ICR 4 ol B fr.
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figures are the examples showing
that the distances from R & V-
point to tandem (source) can be
largely different according to
anatomical configuration of an
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MD-BED Gys)Z W3ttt vhg Qg o) &1lgt 4
A digh A7 gprlE 3

A FNSHXEAGY 2oz A dgS 2442z
BED #o 2 $hiteta et A 2w

(Rectal BED Gys, ©]3} R-BED Gyz)& T-3lH 2, W3] ol
& HFAA AFe JA] gpHIE 302 st FHAFTY
A F T B HA S A GG B

BED #o2 #Hikstar st a3 #-Gys (Blad-
der BED Gy, ©|3} V-BED Gy:;)& WwW3t$lth ETD, WPD,
MBD, MTD, ATD, MD-BED Gys, MD-BED Gyio, R-BED
Gys % V-BED Gy; 59 Zt AW WAL A a2
EFHA, B 9 H9S Table 20 FE s

Ban e |
7] $5e] MD-BED Gy; #-& 10 Gy 7HF o 2(<120, 12
0~129, 130~139, 140~149, >150), MD-BED Gy,p &< 5
Gy 7740 2(<85, 85~89, 90~94, 95~99, >100) T3}
%12.™, R-BED Gy;9} V-BED Gy;& 5&94 772 T
Btk Az 7170 e A 10Y HE S 2(<60, 6
0~69, 70~79, 80~89, 90~99, >100%) T-&3}o] Hlu3}
%tk MD-BED Gy; #toll W& 3H& o
st7] st 39A o A 2Y 3] HE A
E}. A WA ZYdA= Oﬂak% =R
FollMe dEH HrE A =
03.‘“'8, 87l %27 4
Gys #toll W& FHF &
%Th R-BED Gy; gtoll @& 2% f}é“%‘% g o] W xpH],
V-BED Gy; #koll W& W3 S Ao watHl =
7], 427 2 A57IE RS T4
238 & o] &3l FA34 . MD-BED Gy #ol e =
WAl o] &S Hlwsly] fste Al gAY R gE JAR
¥ (Cox’s proportional hazard regression models)S T33}%
A WA YoM e dETs BAsden, T WA
Ryoxe A HIE BAHNOH, HF RN =
A%, W7, T2 2 A87IE HASe MD-BED
Gy #ell e AL A AFEE FHAS A 87
ol e ALEE HHNE JARYES o83k, A W
A ZYPAe ARG, F A YN A% W)
g, HF E¥oAe A", ¥, $4=27] ¥ MD-BED
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[
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kv

=
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ol AN ZEHEE

Table 2. Distribution of Radiation Dose in Al Patients

Variables Median SD.
ETD (Gy) 4,500.0 494.8
WPD (Gy) 4,500.0 207.8
MBD (Gy) 3,600.0 689.1
MTD (Gy) 7,168.4 895.5
ATD (Gy) 7,905.0 581.0
MD-BED Gy, 139.6 13.7
MD-BED Gyuo 91.9 9.9
R-BED Gys 118.7 275
V-BED Gys 126.1 31.2

Variables Value Number  Percent
ETDG (Gy) <50 474 63.8

>50 269 36.2
WPDG (Gy) <50 682 91.8
> 50 61 8.2
MBD (Gy) < 27 24 32
27~29 51 6.9
30~33 84 11.3
34~37 287 38.6
38~44 49 6.6
None 248 334
MTDG (Gy) <60 58 7.8
60~69 280 37.7
70~79 257 34.6
80~89 130 17.5
>90 18 24
ATDG (Gy) <60 2 0.3
60~69 21 2.8
70~79 382 51.4
80~89 310 41.7
>90 28 3.8
MD-BED Gys <120 36 49
120~129 140 18.8
130~139 260 35.0
140~149 89 12.0
> 150 218 29.3
MD-BED Gy1o <85 149 20.1
85~89 189 254
90~94 154 20.7
95~99 109 14.7
>100 142 19.1
R-BED Gys 40~95 151 20.3
96~110 138 18.6
111~124 153 20.6
125~140 154 20.7
141~265 147 19.8
V-BED Gys 55~100 148 19.9
101~116 148 19.9
117~135 147 19.8
136~152 148 19.9
153~268 152 20.5
Total 743 100.0




Gy; & BA3 5 X577 & Ay 40 =
g FAsdt AUIHAE 2SAF] A7) e A
E R, S uy R A JRE ¥ AL 0§43}
of Blwstgdet. ol wE AEZAY FHIHIE &
G A7) mE AEFHY FA o= Kaplan-Meier
WS o] 83t SAEAS A4 SAS 8.12% &~Z
EgolZ o]g3lgon, RE HAAL 9 FF 0059 &
= A8s A&
74 J__II.

AA g sd AEE 92 FubAlojse 7
81.3% % 83.0%% wi-¢- Hold A8 4& Btk W7
59 AEELS Z+7} Stage IB 94.2%, 1IA 82.5%, 1IB 81.1%,
A 47.6%, 1IIB 59.1%, IVA 37.5% %3 th(Fig. 3). ThHH 24
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e A=
WA g §o03 BAV ATk AR wpey=
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Fig. 4A°A RoFa 3t oF
A7), A87It & A3

Falge o
bol o137 24
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Fig. 3. Actuarial overall survival according to FIGO stage.

Table 3. Relative Risk of having Complication by MD-BED Gys (Logistic Regression)

Adjusted for age

Adjusted for age and stage

Adjusted for age, stage,
tumor size, and RT days

MD-BED Gys
RR (95% CI) p RR (95% CI) p RR (95% CI) )

<120 1.00 1.00 1.00

120~129 1.50 (0.58~3.93) 0.405 1.56 (0.59~4.09) 0.367 1.58 (0.60~4.14) 0.355
130~139 2.60 (1.04~6.48) 0.041 2.67 (1.07~6.69) 0.036 2.70 (1.08~6.76) 0.034
140~149 410 (1.55~10.83) 0.005 4.05 (1.53~10.76) 0.005 418 (1.57~11.10) 0.004
>150 291 (1.16~7.30) 0.023 2.70 (1.07~6.82) 0.036 2.88 (1.13~7.34) 0.026
Trend test 0.001 0.005 0.003
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Fig. 4. Complication rate by MD-BED Gys (A), R-BED Gys (B),
and V-BED Gys; (C), respectively. Unit (%) means No. of
patients with complications/No. of patients at each interval.
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Table 4. Relative Risk of having Rectal & Bladder Compli-
catons by R-BED Gys & V-BED Gys Respectively (Logis-
tic Regression)

Value Adjusted RR* (95% CI) p

R-BED Gys 40~95 1.00
96~110 1.86 (1.02~3.38) 0.0422
111~124 230 (1.29~4.09) 0.0048
125~140 3.02 (1.71~5.33) <0.0001
141 ~265 3.09 (1.74~5.48) <0.0001
Trend test <0.0001
V-BED Gys 55~100 1.00
101~116 0.73 (0.16~3.32) 0.6794
117~135 2,67 (0.81~8.79) 0.1059
136~152 3.30 (1.03~10.62) 0.0449
153 ~268 2.59 (0.79~8.55) 0.1177

Trend test 0.0298

*Adjusted for age, stage, tumor size, and RT days
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Table 5. Relative Risk of Loco-regional Recurrence MD-BED Gyio (Cox’s Proportional Hazard Regression)

Adjusted for age

Adjusted for age and stage

Adjusted for age, stage,
tumor size, and RT days

MD-BED Gy1o
RR (95% CI) p RR (95% CI) p RR (95% CI) )

<85 1.00 1.00 1.00

85~89 1.32 (0.68~2.55) 0411 1.62 (0.81~3.04) 0.186 1.70 (0.87~3.31) 0.120
90~94 1.66 (0.86~3.19) 0.132 1.64 (0.85~3.15) 0.141 1.52 (0.78~2.94) 0.215
95~99 224 (1.15~4.39) 0.018 1.54 (0.79~3.03) 0.207 1.39 (0.71~2.74) 0.338

>100 3.15 (1.70~5.85) <.001 2.15 (1.16~4.01) 0.016 1.46 (0.77~2.77) 0.247
Trend test <.001 0.025 0.485

Table 6. Comparison between Schedule 1* and o
Schedule 1, No. (%) Schedule 2, No. (%)
Stage
Total Death Recurrence Total Death Recurrence

Ib 80 2 (2.5) (5.0) 77 3 (3.9 3 (3.9)
1la, IIb 108 11 (10.2) (16.7) 149 27 (18.1) 27 (18.1)
1lla, IIb 13 4 (30.8) (46.2) 5 1 (20.0) 1 (20.0)
Total 201 17 (8.5) 28 (13.9) 231 31 (13.4) 31 (13.4)

forls * .
split course, = continuous course
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Table 7. Locoregional Recurrence (LRR) by Duration

o .
RT duration Number (%) of patients

(days) Total LRR absent LRR present
<60 122 113 (92.6) 9 (74)
60~69 191 167 (87.4) 24 (12.6)
70~79 239 192 (80.3) 47 (19.7)
80~89 100 77 (77.0) 23 (23.0)
90~99 48 39 (81.3) 9 (18.8)
>100 43 29 (67.4) 14 (32.6)
All 743 617 (83.0) 153 (17.0)
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Table 8. Relative Risk of Recurrence by RT Duration (Cox’s Proportional Hazard Regression)

Adjusted for age, stage
Duration (days)

Adjusted for age, stage

Adjusted for age, stage,

tuomr size tumor size, MD-BED Gy

RR (95% CI) p RR (95% CI) p RR (95% CI) p

<60 1.00 1.00 1.00

60~69 143 (0.66~3.09) 0.362 1.19 (0.55~2.57) 0.666 117 (0.54~2.54) 0.698
70~79 1.84 (0.90~3.79) 0.097 1.71 (0.83~3.53) 0.144 1.66 (0.80~3.45) 0172
80~89 2.20 (1.01~4.80) 0.048 2.00 (0.92~4.36) 0.082 1.94 (0.88~4.26) 0.099
90~99 1.43 (0.56~3.65) 0453 1.14 (0.44~2.93) 0.787 1.09 (0.42~2.43) 0.868
>100 345 (1.49~8.01) 0.004 261 (1.11~6.13) 0.028 250 (1.05~0.039

Trend test 0.004 0.022 0.034
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Table 9. Number of Patients according to Different HDR-ICBT Fractionation Schemes

Number of ICR fractionation

AT 7AELY 1AFE %PIH ‘1394
'%‘

CERRRIENTE

=2
>
D)
o{l
o,

Fraction
ize (Gy) All
size (Gy 4 5 6 7 8 9 10 11 12 13 15 16
3 1 2 1 4 13 2 23 3 1 264 1 21 336
4 2 5 1 1 9
5 3 3 368 2 396
3x5+5 1 1
5x1+3x5 1 1
All 4 5 373 9 36 3 23 3 1 264 1 21 743
Table 10. Survival and Complication by Different HDR-ICBT ATk, iAo g A A= ofA wreulA] Kta
Fraction Size QTSN e ow mesol & 2ad ¥ FAvig
Dose EAAQ MAIX F o et T wEolth T4 H
7l 3& =37 ZoF Aojo] Q3 vl MFo
3Gy 5Gy (P test) | lo et Fd ﬂﬂla - dEFe] o
£ T lon, o MY, &L T4 A7 25E AT
Number of patients 178 249 Bao Egx sEe X8 AHLS A S5 9 1
Death 8 (101%) 29 (11.6%) 0.618 e 1 }0" e A ]“O I = ’{E} !
Overall complication 4 (135%) 34 (13.7%)  0.959 g 22 W] 5 279 s /A Y st e
Loco-regional recurrence 20 (11.2%) 22 (8.8%) 0.412 ANEANE A3 A7A JRUAIA R Bl e Eoko
Ui &5, 5 T o] it b2 A YEE 4 A
Oe A% AR A A 2 A8 2AE 234 o
59 AHZHAE ] B A9 vl A g vpirbA] A - Fag 842 A& Atk F FEY 271
36 Gy o|de TUAE 7 AldE SAERS tfF o= H 27F - =AY whgo] gle AS YA A7 H
watHh B&AFe] 3 Gyl A= 178%, 5 Gyl A} 2 "Fojd F JAY, AA AEFwAL|T TR
T 2499 02 FlolAlE AA A AEE, IHAoE, © £ A X8 &= Utk 7‘—3_?%*4941?—_ BHIHAE AF
Be YA E EFdA FAZCE or] e Aol AU AHE HZ wFojxo} atH, FYAHAE 7] XFo
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Fig. 5. An example of HDR-ICBT dose plan. When a 5.07 Gy
of fractional dose is prescribed to point A, 20.5 Gy, 109 Gy
and 7. 1 Gy are delivered to tumors which are located at 0.5
cm, 1.0 cm and 1.5 cm apart respectively from the channel
source, which represents high dose gradient of brachytherapy.
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Abstract

Optimum Radiotherapy Schedule for Uterine Cervical Cancer based-on the
Detailed Information of Dose Fractionation and Radiotherapy Technique

Jae Ho Cho*, Hyun Chang Kim' Chang Ok Suh*, Chang Geol Lee*, Ki Chang Keum*,
Nam Hoon Cho', Ik Jae Lee*, Su Jung Shim*, Yang Kwon Suh*, Jinsil Seong* and Gwi Eon Kim*

Departments of *Radiation Oncology, " Preventive Medicine and Public Health,
and * Pathology, Yonsei University Medical School, Seoul, Korea

Background: The best dose-fractionation regimen of the definitive radiotherapy for cervix cancer remains to be
clearly determined. It seems to be partially attributed to the complexity of the affecting factors and the lack of
detailed information on external and intra-cavitary fractionation. To find optimal practice guidelines, our experi-
ences of the combination of external beam radiotherapy (EBRT) and high-dose-rate intracavitary brachytherapy
(HDR-ICBT) were reviewed with detailed information of the various treatment parameters obtained from a large
cohort of women treated homogeneously at a single institute.

Materials and Methods: The subjects were 743 cervical cancer patients (Stage IB 198, IlA 77, IIB 364, llIA 7,
1B 89 and IVA 8) treated by radiotherapy alone, between 1990 and 1996. A total external beam radiotherapy
(EBRT) dose of 23.4~59.4 Gy (Median 45.0) was delivered to the whole pelvis. High-dose-rate intracavitary
brachytherapy (HDR-ICBT) was also performed using various fractionation schemes. A Midline block (MLB) was
initiated after the delivery of 14.4~43.2 Gy (Median 36.0) of EBRT in 495 patients, while in the other 248
patients EBRT could not be used due to slow tumor regression or the huge initial bulk of tumor. The point A,
actual bladder & rectal doses were individually assessed in all patients. The biologically effective dose (BED) to
the tumor (a/p=10) and late-responding tissues (a/p=3) for both EBRT and HDR-ICBT were calculated. The
total BED values to point A, the actual bladder and rectal reference points were the summation of the EBRT
and HDR-ICBT. In addition to all the details on dose-fractionation, the other factors (i.e. the overall treatment
time, physicians preference) that can affect the schedule of the definitive radiotherapy were also thoroughly
analyzed. The association between MD-BED Gys; and the risk of complication was assessed using serial
multiple logistic regression models. The associations between R-BED Gys; and rectal complications and
between V-BED Gy; and bladder complications were assessed using multiple logistic regression models after
adjustment for age, stage, tumor size and treatment duration. Serial Coxs proportional hazard regression mo-
dels were used to estimate the relative risks of recurrence due to MD-BED Gyio, and the treatment duration.
Results: The overall complication rate for RTOG Grades 1~4 toxicities was 33.1%. The 5-year actuarial pelvic
control rate for all 743 patients was 83%. The midline cumulative BED dose, which is the sum of external
midline BED and HDR-ICBT point A BED, ranged from 62.0 to 121.9 Gy (median 93.0) for tumors and from
93.6 to 187.3 Gys (median 137.6) for late responding tissues. The median cumulative values of actual rectal
(R-BED Gys) and bladder point BED (V-BED Gys) were 118.7 Gys (range 48.8 ~265.2) and 126.1 Gy; (range:
54.9~267.5), respectively. MD-BED Gys; showed a good correlation with rectal (p=0.003), but not with bladder
complications (p=0.095). R-BED Gys had a very strong association (p= <0.0001), and was more predictive of
rectal complications than A-BED Gy;. B-BED Gys also showed significance in the prediction of bladder
complications in a trend test (p=0.0298). No statistically significant dose-response relationship for pelvic control
was observed. The Sandwich and Continuous techniques, which differ according to when the ICR was in-
serted during the EBRT and due to the physicians preference, showed no differences in the local control and
complication rates; there were also no differences in the 3 vs. 5 Gy fraction size of HDR-ICBT.
Conclusion: The main reasons optimal dose-fractionation guidelines are not easily established is due to the
absence of a dose-response relationship for tumor control as a result of the high-dose gradient of HDR-ICBT,
individual differences in tumor responses to radiation therapy and the complexity of affecting factors. Therefore,
in our opinion, there is a necessity for individualized tailored therapy, along with general guidelines, in the
definitive radiation treatment for cervix cancer. This study also demonstrated the strong predictive value of
actual rectal and bladder reference dosing therefore, vaginal gauze packing might be very important. To main-
tain the BED dose to less than the threshold resulting in complication, early midline shielding, the HDR-ICBT
total dose and fractional dose reduction should be considered.
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