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Outcomes

e Stages | and Il
— 1/3 of patients
— Curative results: 60% to 80%
— SPTs: greater risk than recurrence

e Stages lll and IV
— 2/3 of patients
— Multimodal treatment

— 40% to 80% local recurrence
— 10% to 30% distant disease



Treatment of head and neck cancers is influenced by
— fraction size,

— total dose

— overall treatment time

 The total radiation dose has demonstrated a direct
impact to the tumor response as well as to the acute
or late adverse events.

* For H&N cancer, most Authors suggest that

repopulation begins only after a Tk of about 3-5
weeks after the start of radiotherapy



Why Hypofractionation: Accelerated
repopulation

Occurs after 3-4 weeks for squamous carcinomas

Up to 0.6 Gy of each daily dose would be “wasted”
due to increased tumor cell load

Withers et al. report that, a dose increment of
approximately 0.6—0.7 Gy per day is required to
counterbalance tumor repopulation and keep tumor
control rates unchanged for OTTs times up to 55 days

For each extra day, local control would decrease by
1% due to accelerated repopulation



Table 1. Examples of the regimens employed in studies of novel fractionation schedules in head and neck cancer

Dose per n of Total Overall Interfraction Interfraction
Regimen fraction  fractions dose (Gy) time (days) interval (hrs) interval (weeks)
1 2 3 4 5 6 7
Hyperfractionation [2] ~ L.15 70 80.5 47 8 i e e mer o e mnomm
i e e mer o omne m o
Acceleration
a) Pure [10] 2 24-27 48-54 9-11 4 i i
(1111
i i
b) Pure [13] 2 33 66 38 24 BRRRE RRRRER RNl fnnnnn nnnnnn npnnnn oo
Acceleration with
asplit [18, 19] 1.6 40 64 40 4 i mm n m n
i e n m
EORTC [3] 1.6 45 72 33 4 mii 1 i
mim 1 i
mi 1 i
Concomitant 1.8 30 69 40 3-6 i o e e o
boost [22] and and
1.5 10 i
CHART [23] 1.5 36 54 12 6 TRRRRnn
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HYPOFRACTIONATION: RENEWED INTEREST

1) In tissues with o/f similar to late responding tissues e.g. prostate

2) Acceleration is better achieved by hypofractionation than

hyperfractionation since late normal tissue repair is a limiting factor

3) IMRT, tomotherapy & proton therapy result in improved dose

distributions with minimal normal tissue receiving high dose
4) Carbon ion beams — better dose distribution/high LET
Economical

Late normal tissue damage



LINEAR QUaDRATIC MODEL

A lethal event is supposed to be
caused by one hit due to one
particle track (the linear
component aD)
or

Two particle tracks (the quadratic
component D2)

Dual radiation action

First component - cell killing is
proportional to dose

Second component - cell killing is

proportional to dose squared

Fig.3-5: DNA strand break follow L.-Q model
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Linear Quadratic Model of Cell Kill

At low doses, there is less cell kill
for low a/B ratio cell lines than high
a/p cell lines

The high /B ratio curve has
a more linear shape as the [3
component has less impact
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Dose (Gy)

— Low a/p — High o/

Carcinomas of
the head and
neck and lung,
it is higher
Melanomas,
sarcomas,
prostate cancers

etc it's low



Total Dose at 1.5-2.0 Gy/Fx
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Why Hypofractionation: Intrinsic
radiosensitivity

 Tumors can have variable degrees of radiosensitivity.

* Range from highly radioresistant (melanoma, renal
cell carcinoma) to Highly radiosensitive (lymphomas)

* Based on the extent of sub-lethal damage repair



Hypofractionation

Total dose delivered in a few high dose fractions with
longer intervals between fractions

Higher exposure increases tumour response
Acute normal tissue reactions not increased

Late normal tissue reactions increased



EUD

X Standard dose X Equivalent Uniform
constraints assume that Dose (EUD) is that dose,
the whole organ is which had the organ
being uniformly been wholly and
irradiated at 1.8-2Gy/#. uniformly irradiated,

X In IMRT, aside from use would have produced
of higher dose/# (in the same biological
SIB), most OARs are effect.
only partially irradiated.

There is also a steep X Complex voxel-based
dose gradient within a calculation.

given OAR.



 Fowler’s formula used to calculate equivalent doses from
various hypofractionated regimens

e RE = (1 + d /a/B) where n is the fraction number; d the
fraction dose and o and B coefficients describe the
contribution to cell killing from linear and quadratic
components, respectively

and
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where REq¢, is the relative effectiveness of 2 Gy per fraction. ‘
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HYPOFRACTIONATION IN HNC: WHAT DO WE DISCUSS

* Hypo# in Palliative setting

* Hypo# in Definitive setting: accelerated
regimes

* Hypo# in Definitive setting: SIB regimes

* Hypo# in Definitive setting: SBRT



Hypofractionation in Palliative setting

phase Il prospective study of 3.7 Gy BID times 4 over 2 days
(the “Quad Shot”) by Corry et al.

This Quad Shot was then repeated at monthly intervals times
3, if patients did not progress or decline clinically.

Median survival was 5.7 months. No grade 3 or more toxicity
noted.

The tumor RR was 53% and 44% of patients had QOL
iImprovements.



Short course palhative radiotherapy of 20 Gy 3 fractions for advanced
and incurable head and neck cancer: AIIMS study
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Overall the RR for
those receiving
palliative radiation
was 37% with 47-
59% palliation of
symptoms.

Outcomes of response adapted therapy

Radiotherapy and oncology, 2004



Kaplan Meier Curve

Study by Das et al, CMC Vellore

All patients had advanced head

and neck cancers (27% IVA, 61%
IVB, 9% IVC, TNM stage and 3%

recurrent disease).

Survival Probability

Grade 3 mucositis and
dermatitis and pain was 18%,
3%, and 24%, respectively. : : S S

Time

Reduction of pain was observed

in 88% patients and 60% Table 3: Quality of life improvement

H H Scale Before treatme After treatment (at completion]  Pwvalue

patients had improvement of ore trestment frEStment (3t complet
performance status. PWB 7.0 0.05
. . SWB 17 4 200 0.036™
Median overall survival of the | zue 18 . e
cohort was 7 months. e 53 o262
FACT G £g.2 b5 0042
FACT HM 251 250 0.538

PWE, Physical well-being; SWE, Socal well-being; EWE, Emotional well-being;
FWE, Functional well-being; FACT G. General scofe (summation of physical. sockal,
ernotional, and functional well-being): FACGT HN, Head and neck-specilic scone




Table 3 Hypofractipnated radiatipn therapy trials in head and neck cancer

Refarsmce
Tiial design # Patients Dossfx  # fx Schaduls Efficacy Tomicity
Chean (50§ &3 3.7 BID 4 Repeated =3 at 2-3weeks Mo difference 2% RTDG Cuad Shot
Retrospective review 77 o 35 Daily regimen vs. 37 %

67 3 10 Daily

&g 2.5 15  Daily

G0 4 5 Daily
Corry [51) 30 3.7 BID 4  Maomthhy =3 53% RR Mo = grade 3 towicity
Single arm 4% improwed GO
Paris [52) ar 3.7 BID 4  Maomthhy =3 7% RR Mo late towicity
Singla arm
Carrascoss (43) THN* 3ATF BID 4 Monthly =3 with paclitexael 85% RBR 10%: grads 3 acuts
Single arm 90% palliation Mo late toxicity
Monnier (53) 78 3Gy g8 Day1&3 54% RR 31% nesded braak
Retrospective review Repeated wesks 1, 3, 5, 7 4% acule grade 3-4

cisplatin 129 late grade 3-4
Das (54) 33 4 10 TwiceSwesk B8% pain ralisf Grade 3 mucositis 18%,
Single arm 80% improved PS dematitis 3%
Kanchera (55) a3 4 5 Reapeated after 2 weaks 789% asymptom relisf 18% gradsa 3 acuts
Retrospective review 72% RR
Mahanti (58) 505 4 5 Addl RT for respondars 37% RR Mot stated for pallistive
Single arm 47-59% symptom relief AT
Porceddu (57) ar i 56 Twice weakhy B0% RR Grade 3 mucositis 26%
Single arm B2% improved OO Grade 3 dysphagia
7% improved pain 11%

Waisshang (58) 64 2 335 Daily Mo differemce babwean Mo differeance betweaen
Randomized BITTS S

d 1012 Daily

*, thia trial included 7 patients with head and neck primares and 13 with pelvic malignancies; RR, response rate, including
complets and partial responss; B, fractions; ATOGE, Rediation Therapy Oncology Group; GOL, quality of life; HN, hesd & neck
cancer patients; Addl, additional; PSS, performance status; BT, mdictherapy; #. numbsr of.




Bledsoe et al: SCAHRT in HNC for the Elderly or Infirm
ANTICANCER RESEARCH 36: 933-940 (2016)

Patients received two courses of 30 Gy/10 fractions separated by
3-5 weeks to allow for toxicity recovery.

58 out of 65 patients (89%) completed both courses of treatment.

Patients without metastatic or recurrent disease were evaluated
for treatment response and survival (n=39).

Among this group, total tumor response was 91%, and median
locoregional failure-free survival and overall survival were 25.7
and 8.9 months, respectively.

Study concluded that high risk patients unable to tolerate
continuous-course definitive (chemo)radiation can safely be
treated by SCAHRT to achieve durable locoregional disease



Early Glottic Ca . Stage I/ I

(1975-89)
Group | Group Il Group Il
50Gy/ 15fr/ 60-62.5Gy/24- 50-60Gy / 25-30Fr/
3wks 25fr/5wks 5-6wks
(3.3Gy/fr) (2.5Gy/fr) (2-2.5Gy/fr)

o Acceptable local control
o Acceptable late complication

o No difference in either groups

Less protracted schedules can be used

Dinshaw et al IJRO BP 48(3) 723-35, 2000



Hypofractionation
for early glottic cancers

Yamazaki et al (2006)

« N=180

* TINOMO

e 5-year LCR 77% (conv) vs
* 92% (hypo) (p=0.004)

* No significant difference in
survival

* No significant difference in
acute/ late toxicities.

Int. J. Radiation Oncology Biol. Phys.,
Vol. 64, No. 1, pp. 77-82, 2006

KROG-0201 (2013)

N=156; T1-T2NOMO

5-year LFPS 77.8%(conv) vs
88.5%(hypo) (p=NS)

5-year LFPS for T1a 76.7%
(conv) vs 93% (hypo) (p=0.056)
No significant difference in
survival

No significant difference in
acute/ late toxicity

Moon et al. Radiotherapy & Oncology,
2013 (ahead of print)
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Jpn J Clin Oncol 2011;41(1)103-109

The overall survival rate (OAS)
curve. The OAS was 96.8% at 3
years and 90.8% at 5 years.

e B g The local control curve for all patients.

The local control rate was 91.9% at 3
years and 89.8% at 5 years
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Table 2. Other studies of radiotherapy for TIND glottic cancer

Author Total dose (Gy) ~ Numberof fractionation ~ OTT (day) ~ BED,(GY,y)  BED,j(GY,)  Local control (%)
Fein et al. (4) b6 3 49 19.2 603 89

Spector etal. (14) 6.5 3 45 199 b4.6 89

Reddy etal. (2) b6 3 45 19.2 639 36.]

Medmi etal. (3) il 3 56 826 514 923

van der Voetetal. (15) 60 %5 35 144 b8.1 )

Gowda et al. (9) 30 16 21 b3.6 b3.6 93

Yamazaki et al. (§) 36.23 % 35 689 626 92

OTT, overall treatment time; BED, biologically effective dose.
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Accelerated Hypofractionation

Retrospective study from Birmingham UK
 N=81; Stage Il-IV SCCHN

* EBRT 55Gy/20#/4 weeks with concurrent
chemotherapy (MTX/ Carboplatin)

* Impressive disease outcomes:
— 2yr LCR=75.4%; DFS rate=68.6%; OS rate=71.6%

* Acute toxicities were tolerable. No unexpected late
toxicities at 24-month FU

Sanghera et al. Int J Radiat Oncol Biol Phys 2007 67;5:1342-51



SIMULTANEOUS BOOST INTEGRATED
IMRT / VMAT




 RTOG H-0022 trial for oropharyngeal carcinomas SIB-
IMRT in head and neck cancer, the use of 2.0, 2.11 or
2.2 Gy per session is highly effective and safe with
respect to tumor response and tolerance.

* The overall radiation therapy treatment time plays an
important role, since every single one day
prolongation of treatment beyond 30 days leads to
loss of tumor control



SIB-IMRT/SMART vs sequential
IMRT

Dosimetric advantage: Superior PTV conformality & superior
parotid gland sparing. Dogan et al (2003)

Logistical advantage : lesser number of treatment days
required.
Radiobiogical advantage: Due to higher dose/# (to the target)

and lesser duration of treatment, the NTD (Normalised Total
Dose=EQD?2) is actually higher than the Nominal Dose.

Prescribed Actual
Nomnunal
equivalent Equivalent
Nominal dose 1n Nonunal dose/fx uniform dose uniform
Treatment Anatomic NTD 30 fractions (Gy) for 30 m 30 fractions NTD
Strategy structure (Gy) (Gy) fractions (Gy) (Gy)
SIB-IMRT1

GTV 65.9 2.20 67.3
Elective 50.0 54.0 1.80 51.4



Retrospective matched cohort SI B VS S EQ_ B

analysis on patients with LAHNC
treated with definitive
chemoradiotherapy to 69.3 Gy in 33
fractions. Treatment was delivered
via sequential boost (n = 68) or SIB
(n = 141)

Table 4 Onerall perormance of patients treated with ssquentia

At 4 years, the OS was 69.3% in the

boast and integrated boost at 4 years

sequential boost cohortand 76.8% comentid boost

Megraed Doos]

in the SIB cohort (p = 0.13). Disease- ;

werall suviva 9.3 (56.5-79)
free survival was 63 and 69% o _ o
e s e T ale S B ||
r ivel =0.27).
espectively (p =0.27) Local mourence-free susniva B2 (76.7-947)
gate;Of aCUte/grade 3/0r 4d egional repurenre-fee sundval 911% E1-947)
sphagia (82% vs 55%) an .
ysphagia (82% 0) Distant diseae-fme wnviva AL (7RA-95.4)

/8% (686-83.)
9% (604-78.1)
A59% (722-91)
91 6% B48-954)

ey e ey e
e Gn A= g ]

dermatitis (78% vs 58%) were

significantly higher in the SIB group
(p <0.001 and p =0.012
respectively).

Vlacich et al. Radiation Oncology (2017) 12:13
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SIB-IMRT vs Concomitant Boost RT (CBRT)
(MSKCC, 2006)

X Study period Sep 1998- Jun 2004
X N=293

X All were patients of Ca oropharynx (112 were stage
1H1/1V).

X 41 received SIB-IMRT with concurrent chemotherapy

X 71 received conventional 2DRT with late concomitant
boost (CBRT) along with concurrent chemotherapy

X RT dose was 70 Gy. Parotid dose constraint for IMRT was
mean dose <=26 Gy.

X Significant advantage in terms of PEG-dependancy &
severe xerostomia at 2 years, in favour of IMRT.

Nancy Lee, et Int J. Radiation Oncology Biol. Phys., Vol. 66, No. 4, pp. 966974, 2006
al



Patients characienistics and regimens of STH-IMBT in selecied nasopharynx series.

Author N of pis Climical stage Chematherapy, Prescribed dose and fractionation OTT (weeks)
(% pts -1V} I of pis

Elective volume Intermediate volume Bosst volume
Leeetal. [T4) 7 1-IV (0% 50 5060 Gy in 28-31fr (1. 8-20Gy) - 65 Gy in 31 fr (2.1 Gy)or 62
69.75 Gy in 31 fr
(225 Gy)

Kam et al. [75] 63 -1V (57%:) 19 6 Gy in 33 fr (1.82 Gy) - b6 Gy in 33 (2 Gy P b

Kwong el al. [T4] A0 M-IV (100 TGy in 353 fr {2 Gy) T10yin35fr (2060 TaGyin 356 (2.17) 7

Wolden et al. [77] T4(SUIMBT-CB; IV (T7%) B MGyin30fr(18Gy - .20y in 302340y 6ifor SIH)

15 SIB-IMET)

Lee et al. [T8) mn -1V (1004 I3 50y in23fr 2 Gy) By in 306 (2Gy)  T2Gyin 306 (2.4 Gy) b

Wu etal [T9] 75 -1V (36%:) S Gyin28ir 2 Gy) - T0Cy in 28fr (2.5GyF 5.6 (for SIB)

BTOC 0225 Trial [87) - -IVh Stage =T2hor N+ 394Gy 3 {180y - T0Gy in 33fri2.12 Gy A

* T1-T2a: additional brachitherapy boost; 36% of T2b-T4 cases: additional 3DCRT boost
B 7% of cases (T4 of poor responders): additional boost of 10Gy.
Putsenis charscteristics and regimens of SIB-IMBT in selected oropharyny series.
Author Total N pis Clinical stage Chemotherspy,  Prescribed dose and fractionaion OTT (weeks)
(definitive) % e M-IV Nef — ;
Vg P Eleciive volume Intermediate volume Boost volume
Chaoetal. 1§ Tl IV (0% 1) SOynBE6G) - NoyinBE2Gy) 7
DeAmudactal [B0]  SOC48) 1VIMBT-CR,  HIViehed) (6% 4 MOynBR(IMG) 040y 308Gy T00yin33r(1I20y) &b (for SIR)
10 SIB-IMRT

RIOG O Tra 17 - TIINH NoCTaowed  S4CyinMR(SGY  &Crin¥EQCy)  GCyMEQGY 6
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Patsents charactenistics and regimens of SIB-IMBT in selected miscellaneous siles series.

Author Total N pis Clinical stage Chemotherspy, Prescribed dose and fractionation T (weeks)
(deinive) (i pis 1-1¥) Vo pis Elective volume Intermediate voleme — Boodt volume
Butler et al. [17] 1020 [V (4th ed ) (80%) - $Gy in 252Gy} - B0 Gy in25fr (24Cy) 5
Lawve atal. [1] M0 [V (8% - MOyin30fr(18Cy)  &DCyin30f2Gy) 681Gy in Mfr (227 Gy b
08 Gy in 306r (236 Gy)
138Gy in 30fr (246 Gy)
Yaoetal [21] 150 (003 IMRT-SEQ;,  IN-IV (B3.4%) b MOyin30f(180y)  &0Cym30f2Gy)  IMRTSEQ boost 10-14Cy 6 (for SIH)
SIB-IMRT-SEC
Studer et al. [§3] 115 (R 626 THTdar TI-INIc-N3 B9 MOyin30fr (180w - b Gy in W06 (22 Gy) b
MGyin 33 {164 Gy) 69 Cyin B3 (211 Gy) hh
Gy in 356 (1.6Cy) M0y in 352Gy ]
Schwartz et al. [14] 49(40) -V (1000 i $Gy in 252Gy} B0 Gy in25fr (24Cy) 5
Cuerrero Urbano et al. (B3] 30030) TI-4, K1-N3 L] SLAGyin 28 fr (LES Gy) 3Gy in 286 (225Cy) 5h
360Gy in 28fr 20y} 672Gy in 284r (24 Gy)
Leeetal. [R4] G IMRT-CE,  [HY 3l MOy 3fr(ledCy)  H4Cyin 3 i (18Cy) T0Cyin {2120y hh
27 SIB-IMET)

Abbreviations for Tables JA-C: pte: patients; La: larvx, NP: nasopharyay; CT: chemotherapy; FS(CyVNFPINGy): fraction size/mumber of fraction/prescabed dose (Cy); ICE: intracavitary brachiterapy;
IMBT-CB: IMET with accelerated fractionation with concomitant boost: STH-IMET: simultaneous infegraied boost [MBT IMBT-SEQ: sequential IMBT, MCT N pts: number of patients receiving chemotherapy;

CT N patients definitive FT: number of patients receiving definitive IMRT and chemotherapy.
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Comparing Sequential and SIB doses for EQD2,
Early and Late tissue doses for nasopharyngeal

cancers

Author FS(Gy NMEPTINGy) Tumaor
BED (Gy) NTDh gy Gy)
Coaventional 715 Ta

Lee et al. [74]

Eowong et al. [76]
Wolden et al. [T7]
Loe et al. [TR]

RO [ET]

G2
741

T
TB.3
TRO

710

T3 7

Tid
749

1.3

714
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Comparing Sequential and SIB doses for EQD2,
Early and Late tissue doses for nasopharyngeal
cancers

Author FS(GYNNEPTIN Acute responding tisswes Late reacting tissues
BED iGv) BED (Gy)
Coaventional 251 563 116.9

Lee et al. [74]

Eowong et al. [76]
Wolden et al. [T7]
Loe et al. [TR]

RO [ET]

213165 |
235/31/60.75
217435076

2 34/30070.2
2ABNT2

1 1233760 96

338
b5
Bd.7
f3.7
.4

384

112.4
122.9

130.1
126.0
130.6
120.4
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Comparing Sequential and SIB doses for EQD2, Early
and Late tissue doses for oropharyngeal cancers

Author

F3(GyUNFFTIN Gy)

Tomor

BEDNGy)

NTL2Gy(Gy)

Acute responding tissues

BEIMGy)

Lale reacting tissues

BEDXCy)

Comventional

Concomitant boost
RTOGC 003 [19]
Butler et al. [17]

Chao et al. [ 18]
Lamve et al. [2]]

De Armada et al. [80]
Stnder et al. [E3]

Schwarty et al. [B4]

Cimerrero Urbano et al. [83)

Lee et al. [26]
RTOG 0022 [12]

A FaE
A

| 53054+ 1.5/ 12718

242560
2510

2 27/5NeS. |
2 36/3NT0 8
2 46/NNTIE
2 12/353/60.96

5 F3E I
i 1P L

2. 11/35/e8

2 2566
247560

2 25(28/63
1418612
2.12/33/60.96
2 2566

715

769
Bd.2
715

-

P14

T71

Bl3
L
715
125
711
bi.2
bE.7
143
729

1

[EX
[l

T3
[AN]
9.6
14
10
606
613
LT
4
06

56.3

Bl.5
364
6.3
58.6
bd.
B,
384
36.3
i

1.6
56.4
35.7
blg
384
1.6

1168

1134
108

1168
120.6
1775
135.3
1204
1176
119.6
1154
108

110.6
1713
1204
1154
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Common SIB Dose schedules

X (1) 70 Gy/35# to PTV (GTV)
63 Gy/35# to PTV (CTV1:high risk microscopic ds)
54 Gy/35# to PTV (CTV2: low risk microscopic ds)

X (2) 66 Gy/30# to PTV (GTV)
60 Gy/30# to PTV (CTV1:high risk microscopic ds)
54 Gy/30# to PTV (CTV2: low risk microscopic ds)



Highest Early and Late toxicities for
nasopharyngeal cancers

Author Waorst acute fonicily Worsl late tovicity
Typesgrade () Frequency (%)  Type/erade (G) Frequency (%)
Leg etal. [14] Mucositis 3 4 Soft tissues necrosis (13 1.3
(4 1.5 Hearing loss G4 13
Pharyngiisidysphagin G~ 204 Chronic dysfagia G4 1.3
(4 |5
Kwong etal 78] Mucositis G3 T8 Soft tissues fibeosis G203 14
Hearing loss G203 {2
Pseudoancurysm intemal carotid artery in the skull base 4
Asintometic lemporal lobe necrosks 4
Wodenetal [77] - Hearing loss G2 |3
Lee etal. [T8] Mucositis (3 15

Pharynpiisidysphagia G3 ~ 43/53
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Highest Early and Late toxicities for oropharyngeal

cancers

Amibor

Wiorst acuile ioascily

Waorst late toxicity

Typedgrads (3]

Frequency (| Typa/grade (G)

Frequency (%)

Butler et al. [17]

Chao et al. [1E]

Lauve ed al. [E1]
Dhose lewel | CTID=5881 Gyl

Dhose level X CTTR=TDLE Gy

Dhose level 3 CTID=T38 Gy

e Aurmuda et al. [80]

Studer et al. [B3]

Schavans et al. [84)

Guermmero Ulrbano et al. [85]
Dose level 1 (TRD=4620Gy)

Dose level Z0TRD=467.20Gy)

Lae et al. [8B6]

Mucositis (63

Pharyngitis/dysphagia 33

Mucositis (63
G4

MMuacositis (33
[ysphagia (63
Mucositis (53
[ysphagia 53
Dy=phagia 54
Mucositis (33
[Dy=phagia (533

Muacositis (63

Pharyngitis/dysphagia 33

Blmcositis (53
Dysphagia (53

Muwcositis (33
[ysphagia 53

MMuacositis (33
Dy=phagia (63
MMuacositis (33
[ysphagia (63
Mucositis (53
Pharymgitis G35

B
50

TR

E13
& 7T

ae. T

41.7

B3
L0 1)
L)

38
&

15
Al

55
. i

Yucositis G4
Mucositis G4

Drysphagia G3
Trismus G304

Cervical esophageal stricture

Mucositis GIAG4
Dhysphagia G3

Drysphagia G4

anditle radicnecrosiz 53
Laryngeal fibrosis G4

Drvsphagia G3
Slanditle radicnecrosiz G3

Drysphagia G3

Esophageal stricture (G3

Dhysphagia G3

Percutanemss endoscopic gastrostomy-dependency
die to pharyngoesophageal stricture

Laryngeal cedema G4

313
16.7

B3
B4

104

0o
0o
0.0

o

f pis

1 pis




[sease outcoms following definitive SIE-IMET in nasopharyngeal senes.

Treatment outcomes

Authiog Median follow Local controf % Regional Loco-regional Chverall survival Time point
up {months) of ps contral % of pis cantral % of pts % of pis [ years)

e et al. [74] il 07 - 08 &l J
Kwoag e al. [T6] 1 - - 03.7 oLl .
Wolden et al. [77] 35 0] 03 - &3 3
e et al. [7H] 21 - - ] - ]
Author Median follow up Local contred % Regional Loco-regional Overall survival  Time podni

[ months) of pis contrd % of pis  conbrod % of pis % of pis [ years)
Butler et al [17] 152 - - 050 CRE - -

3% PR"

Chao et al. [18] 13 - - Ti - }
Lawve et al. [§1] 10 6.3 BT - - 2
D Arroda et al. [8] 18 08 - B8 08 2
Stoder et al. [83] |8 { meam) [t - - - .
Schwartz et al. [84) 15 - B3 Bi) 2
Cuemero Urbanoed al. [85] 87 weeks (dase level 1) #3% CRE

A weeks idose level 2) 17% PR

Lee et al. [R6] A Bh 04 B4 B3 2




Chemo: BED

HOW MUCH RADIATION IS THE CHEMOTHERAPY WORTH
IN ADVANCED HEAD AND NECK CANCER?

Monit KasiBHATLA, M.D.. JouN P. KirkpaTrRICK, M.D., PH.D.. AND Davip M. Brizer, M.D.

Dt,p'mnu,m of Rﬂdnuon {}ncolngy DI.]J{L Unwu'-:uy MDdlC"ll LLer Durh'ml NC

= - - - T L GO T

lnm:lusmna' [llEII]DlllEI"lp\ Increases ISI'D by approximate in shnthrcl 1|1d modified fractionated
radiotherapy, equivalent to a dose escalation of 12 Gy in 2 Gy dailvor 1.2 Gy twice daily. Such an escalation could

not be safely achieved by increasing radiation dose alone. © 2007 Elsevier Inc.

Methods: The biologic equivalent dose ( BED) of radiotherapy in nine trials of standard and five trials of modified
it

fractionated radiotherapy with or without chemotherapy was calculated using the linear-quadratic formulation,
Data from Radiation Therapy Oncology Group (RTOG) study 90-03 were used to calculate the relationship (S)
hetween increase in locoregional control (LRC) and increase in BED with modified vs. standard fractionated ra-
diotherapy. The increase in LRC with chemoradiotherapy vs. radiotherapy alone, the BED of the radiotherapy-
alone arms, and the “S™ value were used to calculate the BED contribution from chemotherapy and the total

BED of chemoradiotherapy from each study.,

Int. J. Radiation Oncology Biol. Phys., Vol. 68, No. 5, pp. 1491-1495, 2007



RTOG 00-22 (2010)

*X N=69 (14 institutions)
X All patients of Ca oropharynx, stage T1-T2,NO-N1,MO

X No chemo was permitted

X RT dose was 66Gy/30# to PTV(gross disease) and 54-
60Gy/304# to PTV (subclinical)

X Median FU=2.8 years
X 2-yr LRF was only 9%.

X Very low rate of severe (>grade 2) late toxicities: skin
(12%), mucosa(24%). Xerostomia (grade 2) was seen in 55%
patients at 6 months but reduced to 16% at 2 years

X Moderately hypofractionated IMRT without chemotherapy
in early oropharyngeal carcinomas, is safe & well-tolerated.

Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 5, pp. 13331338, 2010



SIB-IMRT with conc chemotherapy is well-
tolerated and effective for all common head-
neck sites.

Trials included mostly locally advanced cases.
Locoregional failure rates are around 5-20%.
Overall survival rates are around 60-85%.

2-yr severe xerostomia rates are around O-
30%.



EXTREME HYPOFRACTIONATION: SBRT

* Fractionated SBRT allows for delivery of highly
conformal treatment of targets that are in close

proximity to critical structures.
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Radiobiologically, the higher dose per fraction with SBRT- based
treatments has been shown to provide improved local control
over standard fractionation.

According to QUANTEC guidelines, spinal SBRT partial cord
irradiation max dose constraint is reported at 13 Gy for single
fraction treatment and 20 Gy for three fractions treatment is
thought to be associated with <1% risk for myelopathy.

Typical re-irradiation dose constraints derived from the Pittsburgh
and Georgetown series prescribe spinal max point <8Gy in one
fraction and < 12Gy in two fractions but these are based on re-
irradiation SBRT.

SBRT is effective for recurrent head and neck patients previously
irradiated, but for patients with tumors encompassing the carotid
artery, SBRT hypofractionation should be considered cautiously.
IMRT or VMAT may be better options.



Single-fraction treatment

Brain 5-10 122 Necrosis {<20%}
Optic pathway <0.2 8 10 Neuritis
12 Neuritis {<10%}
Cochlea 12 Hearing loss
<142 Hearing loss {<25%}
Brainstem <1 10 15 Cranial neuropathy
<12.52 Cranial neuropathy {<5%}
Spinal cord <0.25 10 14 Myelitis
<1.2 7 137 Myelitis {<1%}
Three-fraction treatment
Optic pathway <0.2 15 (5 Gy/fx) 19.5 (6.5 Gy/fx) Neuritis
Cochlea 20 (6.67 Gy/fx) ~ Hearing loss
Brainstem <1 18 (6 Gy/fx) 23(7.67 Gy/fx)  Cranial neuropathy
Spinal cord <0.25 18 (6 Gy/fx) 23 (7.67 Gy/fx)  Myelitis
<1.2 11.1 (3.7 Gy/fx)

Five-fraction treatment

Optic pathway <0.2 20 (4 Gy/fx) 25 (5 Gy/fx) Neuritis

Cochlea 27.5 (5.5 Gy/fx) Hearing loss
Brainstem <1 26 (5.2 Gy/fx) 31 (6.2 Gy/fx) Cranial neuropathy
Spinal cord <0.25 22.5 (4.5 Gy/fx) 30 (6 Gy/fx) Myelitis

=12 13.5 (2.7 Gy/fx)

Emami Organ Tolerances 2017, Tolerances for SBRT
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University of Pittsburgh Medical Center (UPMC) conducted a Phase |
dose escalation study to determine the maximum tolerated dose
(MTD) for SBRT in recurrent, unresectable SCCHN.

Doses of 15 — 44 Gy (median dose of 35 Gy) were delivered with
fraction sizes of 4-18 Gy. The median follow up for all patients was six
months (1.3 — 39 months).

1 and 2-year local control rates were 51.2% and 30.7%, respectively;
and 1 and 2-year overall survival rates were 48.5% and 16.1 %,
respectively.

Those patients who received SBRT < 35 Gy had significantly lower
local control than those with 235 Gy at 6 months median follow-up
time.

Benign Tumors Malignant Tumors

Dose (GY) # of fractions Dose (Gy) # of fractions
14-16 1 8-12 1

18-21 3 12-18 3

25-45 5 34-45 5




Table 2 | Review of SBRT for head and neck cancers.

fraction sizes of 4-18Gy

Authors (reference] Prospective/  Number of First-line or Radiation course Concument  Madian PFS Madian 05
retrospective patients  recurrent therapy
study therapy
Heron et al. (13) Prospective 75 Recurrent  26-44 Gy totalin & N/fa dmo Bmo
fractions over 2weeks
Roh et al. (131 Retrospective 36 Recurent  168-40Gyin3-5 Nfa 61% &t 12mo 16.2mo
fractions
Siddiquietal. (200 Retrospective 44 Baoth Range of single fraction N/fa 83.3% at12mo  28.7mo (pnmaryl,
13-18 Gy or 3648 Gy In (pnmaryl, 60.6% at 6.7 mo [recurrent),
B8 fractions 12mo (recurentl  5.6mo (metastatic)
Kawaguchi et al. (23] Retrospectve 14 15t ling 342Gy in3ork 51lanoral  714%&t36mo  7BE%at 36mo
fractions B-fluorouracill
Rwigemaetal (26]  Retrospectve 85 Recurent  Median dose 35Gy in Nfa B.5mo 11.5mao
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TAKE HOME MESSAGE



 Hypofractionation has emerged as a viable

alternative in breast, prostate & lung cancers

It may be better tolerated & even more effective

Aside from tumor DNA damage, the extra
effectiveness of hypofractionation may be due to its
anti-angiogenic  effect on microenvironment
vasculature



IMRT allows parotid gland sparing and less
xerostomia ? Better QoL

IGRT allows margin reduction > less normal tissue
irradiation? Better QoL

Advanced imaging techniques and delineation
protocols also mean more accurate targeting

With these advances SIB-IMRT can improve upon
treatment responses and OTT.

SBRT can help especially in reirradiation or even
primary irradiation of very small volumes.






