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Key facts concerning Hypoxia

1.Hypoxia is by far the most explored, and most widely cited [10], biological
phenomena in radiotherapy,

2.That hypoxia can cause clinical radioresistance has been known for more than a
century, and since the pivotal work by Gray and colleagues have attempts to overcome
it been explored in controlled clinical trials.

3. Literature strongly supports that there is a biological rationale and a valid
treatment strategy, and when used it may result in improved loco-regional tumour
control and consequently an improved survival probability.

4. However it has yet a limited impact on daily routine practice and it has been
expressed: hypoxia is “adored and ignored”.



Modern terminology of angiogenesis

asculogenesis — Fq 10n of Vascular structures from circulating or tissue-resident
endothelial stem cells(angioblasts roliferate into de novo endothelial cells. This
form particularly relates to the embryonal developm e vascular system.

Vasculogenesis




Modern terminology of angiogenesis

Vasculogenesis — Formation of vascular structures from circulating or tissue-resident
endothelial stem cells(angioblasts), which proliferate into de novo endothelial cells. This
form particularly relates to the embryonal development of the vascular system.

Angiogenesis — For of thin-walled endothelium-lined structures with /without

muscular smooth muscle wall and pert brocytes). This form plays an important
role during the adult life span, also as "repair mechanism aged tissues.

Angiogenesis




Sprouting towards chemotactic gradient: VEGF
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Neoplastic vessels are morphologically and
functionally deficient

e Highly irregular and tortuous
* Dependent on cell survival factors (VEGF)
. Hyperpermeable

deficient pericyte coverage
— absence of a basement membrane
— deficient intercellular junctions
— presence of cellular lacunae
— vascular mimicry



Chaotic organization of
tumor-associated vasculature
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Resulting in abnormal microenvironment:

hypoxia, low pH, interstitial hypertension
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Tumor vessel is only partially
defects overlaid by pericytes and SMC




Chaotic organization of
tumor-associated vasculature

\Resistance to conventional treatments
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This abnormal migl;f@nvironment results in
hypoxia, low pHyinterstitial hypertension
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Tumor Hypoxia

e There are two types of hypoxia

— Transient Hypoxia
e Intermittent in nature
e Can be quite severe
— Permanent Hypoxia

e Unrelieved hypoxia
e Severe to the point of causing cell death



Tumor Hypoxia

e Intermittent Hypoxia
— Caused by vascular spasm
— Spasm usually at the arteriole level
— Due to lack or neurologic control of vessels

— May be mediated by vasopressors secreted by
the tumor

—| Increases radiation resistance

— Increase resistance to some drugs



Tumor Hypoxia

 Permanent Hypoxia
— Occurs when tumor growth outstrips vascular
supply
— Hypoxic cells are physically displaced from
vessels.

— Tumor pressure on surrounding tissues may
further impede blood supply.

— Increases radiation resistance

— Increase resistance to some drugs



Tumor Hypoxia

 Permanent Hypoxia and radiation resistance
— Must be relatively profound.

e O, tension below 3mmHg

e Present during main phase
of repair

Oxygen diffusion
distance varies with
metabolism but
beyond 100 microns
hypoxia is probably
profound.




Consequences of pH changes
induced by hypoxia

To potentiate survival in hypoxic conditions, tumour -cells
adapt by increasing glycolysis causing external acidosis via

secretion of lactic acid and protons to preserve intracellular
pH.

Alkaline pHi :-

eInhibits activity of endonucleases, acid sphingomyelinase, and
caspases.

Inhibits apoptosis.

Acidic pHe :-

eActivates extracellular proteases (MMP-2 and 9) allowing
degradation of ECM and basement membrane.

eIncreases cell migration, invasion and metastasis.



Clinical implications of hypoxia



Radio-genomics: Perfusion Surrogate
Markers in MRI



ORIGINAL
RESEARCH

R. Jain

L. Poisson

J. Narang

L. Scarpace
M.L. Rosenblum
S. Rempel

T. Mikkelsen

Correlation of Perfusion Parameters with Genes
Related to Angiogenesis Regulation in
Glioblastoma: A Feasibility Study

BACKGROUND AND PURPOSE: Integration of imaging and genomic data is critical for a better under-
standing of gliomas, particularly considering the increasing focus on the use of imaging biomarkers for
patient survival and treatment response. The purpose of this study was to correlate CBV and PS
measured by using PCT with the genes requlating angiogenesis in GBM.

MATERIALS AND METHODS: Eighteen patients with WHO grade IV gliomas underwent pretreatmant
PCT and measurement of CBV and PS values from enhancing tumor. Tumor specimens were analyzed
by TCGA by using Human Gene Expression Microarrays and were interrogated for correlation between
CBV and PS estimates across the genome. We used the GO blologic process pathways for angio-
genesis reguiation 1o select genes of interest

RESULTS: We observed expression levels for 92 anglogenesis-associated genes (332 probes),
19 of which had significant correlation with PS and 9 of which had significant correlation with CBV
(P < .05). Proangiogenic genes such as TNFASFIA (PS = 053, P = .024), HIFIA (PS = 0862,
P = 0065), KDRICBV = 060, P= 0084, PS =059, P= 0097), TIET(CBV =054, P= 022, PS =
049, P = 039), and TIEZ/TEK (CBV = 058, P = .012) showed a significant positive correiation;
whereas antiangiogenic genes such as VASH2 (PS = —-0.72, P = .00011) showed 2 significant inverse
correlation,

CONCLUSIONS: Our findings are provocative, with some of the proangiogenic genes showing a
positive correlation and some of the antiangiogenic genes showing an inverse correlation with tumor
perfusion parameters, suggesting a3 molecular basis for these imaging biomarkers; however, this
should be confirmed in 2 larger patient population,

Jain, R. et al. Am J Neuroradiology Published March 15, 2012 as 10.3174/ajnr.A2956.



Pro-angiogenic Genes

KDR VEGFR-2
(CBV r=0.60, p=0.0084; PS 0.59, p=0.0097)

HIF 1a (Hypoxia inducible factor 1-
alpha) (CBV 0.29, p=0.29; PS r=0.66, p=0.008)

TNFRSF-1A (Tumor necrosis factor
receptor superfamily, member 1A)
(CBV 0.23, p=0.3673; PS r=0.53, p=0.0239)

TIE1

(CBV r=0.54, P=0.0217; PS r=0.49, P =0.0389)

TIE2/TEK

(CBV r=0.58, P =0.0119; PS 0.46, P = 0.0550 )
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Anti-angiogenic Genes

VASH 2 Vasohibin 2

(CBY correlation co-efficient -0.35, P = 0.1568,
PS r=-0.71, P=0.0011)

CX3CR1
(CBV r=-0.66, P = 0.0028; PS -0.49, P = 0.0375)

WNTSA
(CBV r=-0.10, P = 0.6833; PS -0.52, P = 0.0284)

C3
(CBV r=-0.63, P=0.0051; PS -0.41, P = 0.0953)
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Correlation of Perfusion Parameters with Genes
Related to Angiogenesis Regulation in GBM

= CBY and PS estimates in GBMs can correlate positively with
pro-angiogenic genes

= and inversely with anti-angiogenic genes.

* The results of this preliminary analysis can help establish a
genomic/molecular basis for these commonly used imaging
biomarkers and potentially add to our knowledge of their
immuno-histological bases.

Jain, R. et al. Am J Neuroradiology Published March 15, 2012 as 10.3174/ajnr.A2956.




Angiogenic targets for therapeutic
intervention



Radiation-Induced Vascular damage

Apoptosis

*  Activation: increased expression of cell
adhesion molecules and cytokine secretion

*  Recruitment of inflammatory cells

*  Pro-coagulant and pro-thrombotic
phenotype

* Increased permeability

*  ROS production

= Microvessel collapse: rupture and
dilatation of capillaries

*  Thickening of the basal membranc
Thrombosis

*  Chronic pro-inflammatory phenotype

*  Chronic production of ROS

®  Seénescence

=  Ischemia

=  Necrosis

* Tissue fibrosis

Isabelle Corre et al Int. J. Mol. Sci. 2013, 14,22678-22696

Oxidative stress

Activation of NF-kB
4 N
Inflammatory cytokines Adhesion molecules

N "4

Inflammatory cell recruitment, foam
cell formation

Figure Legend:

Proposed Mechanism of Involvement of NF-#B in
Radiation-Induced Vascular DiseaseNF-xB = nuclear factor-kappa B.



Effects of RT on neovascular permeability
measured with DCE-MRI

rhEPO prevents radiotherapy-induced reduction in
neovascular permeability

Post RT

PS x 1000/min

&

Control rhEPO

Ceelen et al. Br J Cancer 2007



The concept of vessel normalisation by anti-
angiogenic therapy

e Return to ‘normal’ phenotype by vascular pruning

e Results in more efficient drug delivery bg lowering
IFP and restoring microvessel function = paradoxical
synergism of anti-angiogenesis agents and cytostatic
drugs >

Normal _DPay 0 - Abnormal

Normalized Inadequate

Tong et al. (2003)
Jain, Nature Medicine (2001) Day 1 and 2 — Normalized Day S - Inadequate



Hypoxia Modifiers, quality of evidence and
strength of recommendations

TRIP Database
searches these
simultaneously

Qualita degli studi primari e revisioni
sistematiche: rating del livello delle
evidenze

Systematic
Reviews

la |Metaanalisi o review sistematiche basate su
piu studi di livelli Ib

Critically-Appraised FILTERED
Topics INFORMATION

(.}\e. [Evidence Syntheses] Ib Trial diagnostici or studi di esito di buona
N Critically-Appraised Individual qualita

' Articles [Article Synopses] . . L. Lo . . .

A ! Trial diagnostici or studi di esito di media
Randomizezi %ont)roued Trials \ qualita, numero insufficiente di pazienti, o
RCTs . . . . .
. ——— altri trials (case-control, altri designi)
Cohort Studies INFORMATION
Case-Controlled Studi : : :
T \ . Il Studi descrittivi, case report ed altri studi
N

Background Information / Expert Opinion \ IV Indicazioni di comitati, opinioni di esperti, e

cosi di seguito (reviews non sistematiche
etc.)

Rating della forza delle evidenze a supporto delle raccomandazioni nelle linee guida

A

Supportati da almeno due studi di livello Ib o da una review di livelli la (“E’ stato dimostrato”)

B

Supportate da almeno due studi indipendenti di livello Il o estrapolazioni da studi di livelli | (“E’
plausibile”)

Non supportati da adeguati studi di livello | o Il (“indicazioni”)

Indicazioni di esperti (“non ci sono prove”)
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ABSTRACT

Background: The importance of tumour hypoxia for the outcome of radiotherapy has been under investi-
gation for decades. Numerous clinical trials modifying the hypoxic radioresistance in squamous cell car-
anoma of the head and neck (HNSCC) have been conducted. but most have been inconclusive, partly due
to a small number of patients in the individual trial. The present meta-analysis was, therefore, performed
utilising the results from all dinical trals addressing the specific question of hypoxic modification in
HNSCC undergoing curative intended primary radiotherapy alone, Methods: A systematic review of pub-
lished and unpublished data identified 4806 patients with HNSCC treated in 32 randomized chinical trials.
applying, normobaric axygen or carbogen breathing (5 trials), hyperbarsc oxygen (HBO) (9 tnals); hyp-
oxic radiosensitizers{ 17 tnals) and HBO and radiosensitizer (1 trial ). The trials were analysed wath regard
to the following endpoints: loco-regional control (32 trials), disease specific survival (30 mals), overall
survival (29 tals), distant metastases {12 trials) and complications to radiotherapy (23 trials). Resulrs:
Overall hypoxic modification of radiotherapy in head and neck cancer did result in a significant improved
therapeutic benefit. This was most dominantly observed when using the direct endpoint of loco-regional



Meta-analysis of hypoxia in HNSCC

S8 Hypoxic modification of radiotherapy in squamous cell carcinoma of the head
" and neck - A systematic review and meta-analysis

Jens Overgaard "

Department of Pxperiseniel (hnked Oncodogy, Aarfs Usiversity Hopied, Aorfs, Demmork

Inclusion criteria

1. Radiation treatment with curative intended
2. Radiotherapy alone with randomization to a hypoxic modifier which should be known only to

influence hypoxic radioresistance
3. No other cytotoxic effect.

Exclusion criteria

1. Chemoradiotherapy
2. Chemotherapy treatment with hypoxic activity (e.g. mitomycin C)
3. Patients with metastatic disease included since the analysis was focused on the effect of

curatively intended radiotherapy.

Hypoxic modifiers used

The hypoxic modification in the trials were :
1. Oxygen breathing under normobaric or hyperbaric pressure
2. Nitroimidazoles.

The few studies with haemoglobin modification by either transfusion or the use of EPO are not included
because there have been some uncertainty about their interpretation, and especially the EPO-related
studies are not available in sufficient detail, but are currently under intense scrutinisation.
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Dapartmeent of Experémentel (hnked Oncodogy, Aarfus Usiversity Houpiel, Aorfus, Denmork

Table 1

Randomized dinscal trials with hypoxic modfication of mdiotherapy in HNSCC.
References Toad acromym  Year  Na pis  fx* RT schedule Hypoxic modificatson  Endpoimt™ Obs. time
[21] van den Brenk 1968 30 HH  7.75Gy x4vs725 Gy x4 with HBO HBO 4 atm L DS 2 * years
[22) Evans 1 1970 40 1L Gy/30fx Normobaric 02 L b S 2+ years
[23) Tobin 1971 17 n 60 Cy/30fx HBO 3 atm L D S 2.3 years
|24) Chang 1973 51 HHL 6Gy x6+ HBO vs 6 Gy x7 or 60 Gy/30fx HBO 3 am L D S M C Syers
[25) shigamats u 1973 31 HH  60-79Cy/10 fx vs. 40-50 Gy/8-10 fx + HBO  HBO L D S 2+ years
[26] Evans 2 1975 44 18 G0 Cy/30 Ix Normobaric 02 L D S M C 2+syears
127] MRC 1 1nad 1977 276 HH  35-45Gy x10 HBO 3 st L D S M ¢ 4syers
[26] MRC 3, trial 1979 24 HL 45-50/15 ¢l 48 5-55/20 air vs, 0-45/10 HBO  HBOD L0 8 ¢ Syecas
[29] RTOG 70-02 1979 254 18 G0-70Cy30 Carbegen L D S M ¢ 2+ycan
|30] Sause 1979 44 HL 48 Cy/ 12 fx + HBO v 62 Gy/25 x HBO 3 aim | %1 HET ] C 2syears
[31] Glaux 1962 56 n 50 Gyl 16 1x MISO L DS 34 momths
[32] Sealy 1 1962 97 HH 36 Gy/6 ix/17 days MISO L > year
[33] B rum in 1963 101 L 72Cy36f6k MISO TR - PO 2 years
[34] MRC 10 1964 162 HH  ®-45Gy/101x MISO L DS ¢ 3syears
|34] MRC 20 Ix 1964 89 L 50-57 Gy/201x MISO L:D 'S 3 * years
[35] Panis 1964 52 MM Splst-course 1.1 Gy x6 daily/ 5 days - MISO L :D -8 € 2+years

4 weeks split-repeat
[3637) EORTC 225111 1966 330 MM L6EGy x3/10days - 3 woeks split » MISO L b S ¢ Seyears
same to total of 67-72 Gy

[38,39] MRC 2, trial 1966 103 HL 64 Cy/30 fx vs. 41-44 Gy /10fx +HBO HBO 3 aim L D S M ¢ 4syears
[40] Sealy 2 1966 124 HL 63 Gy/30 Ix (air); 36 Gy/6 Ix (HBO) HBO/MISO L DS M ¢ I1-2yer
[41.42) IAEA study 1967 36 1" 70 Gy/35 fx On ids 20 ¢ R T ¢ 2+yeas
[43.44) RTOG 79-15 1967 297 L G6-74/33-37fx MISO L D S M ¢ 2+ycars
[45] Galedki 1969 35 1N 70 Gy/35 fx vs. 66 Gy/30 fx vs, 805 Gyx 70fx  Metronidazole L-:D S ¢ 3eyears
[46] Dahanca 2 1969 622 L 68-72/34-36 Ix eller 61/229.5 weeks MISO L D S M ¢ Seycrs
[47] RTOG 7904 196% 40 HH 4Gy 11-131x MISO L D -5 € 2eycars
[48] RTOG 85.27 1995 504 18 66-74Cy33-37Ix Eranidazole L D S M ¢ Seycrs
[49] Huslgal 1996 18 1 54 Gy/45 Ixj22 days AK-2123 L.iD 8 2+ yoars
[50] European tnial 1997 374 n G6-74 Gy33-37x Barnidazole L :Pp>S ¢ S+years
[5152) Dahanca 5 1998 414 18 G65-68/33-34 Nirnorazole L DS M S years
|53] Hallty 1999 48 HH 12.65 Gy x2 v 11L.50 Gy x2 + HBO HBO4 atm L D M ¢ Seyears
[54] Mendenhall 2006 1) MM %Gy I12GyIx BID R Carbogen L D.:s ‘M 5+ years
[55] Uttal 2006 46 w Cy/30 fx AK-2123 L 3+ months
|56] ARCON 20010 345 1 8 6468 Cy/32-34 Ix accelerated fx Nicotinamide LD, s 2years

* H: Hypofract; L. conventional tract; M; hyperfract (multiple fxjday).
* L Laco-regional filure; D: disease speafic death: S: overall death; M: distant metastasis; C: complications
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FI SEVIER Dapartmwent of Experimentel (hinked Oncology, Aarhus Usiversity Hopieel, Acrtus, Demmark
Endpoint: Loco-regional failure
Trial Modification Events / Total Odds ratio and 95% C1
Hypoxic
modification Control

Normobarie 1970 Fvans ! o2 7115 11/25 = -
oxygen 1975 Evans 2 o2 13/20 19/24 - .

1878 RTOG 70-02 Carbogen 53/121 63/133 R

2008 Mendenhall Carbogen 6/50 9/51 - ;

2010 ARCON CarbeNic 32/171 477174 -

Subtolal (Nermobaric axygen)  111/377 149/ 407 Q OR: 0.73 (0.53-1.00) p=0.05
Hyperbaric 1968 van den BronkHBO 517 10/13 “w |
oxygen 1971 Totin 1971 HBO 5/0 6/8 € .

1973 Chang 1973 HBO 8/26 13/2% ® T

1973 Shigamatsu HBO 8/15 1M/16 -t

1977 MAC a8l HBO 51/126 877151 — .

19780 MAC 3.wad HBO 3/0 8/15 < - 1

1978 Sause HBO 8/n 10/23 g

1986 MAC 2@ HBO 21/53% 29/5 e

1900 Halty HBO 13/23 21/25 < - T

Subtotal (Hyperbase sxygen)  122/298 195/326 - | OR: 0.46 (0.33-0.864) p<0.001
Hypoxic 1882 Sealy 1 MISO 1M/50 11/47 T
sensitizer 1982 Brunn MISO 15/51 18/50 —— s

1984 MRC 101 MISO 51/82 53/80 et

1984 MRC20fx MISO 25/43 30/46 e e

1884 Panis MISO 14/26 16/28 i

1986 Sealy 2 HBOMISO 34/60 46/64 ——rT

1986 EORTC 229011 MISO 103/167 114/1863 21T

1987 Ewocpean trial ETA 04/187 027187 O

1987 IAEA stdy Omidazole 13/18 14/18 t

1987 RTOG 79-15 MISO M37147 104/ 150 T

1988 Dahanca2 MISO 182/328 187/294 |

1988 RTOG 7904 MISO 16/21  17/19 “« l

1989 Galecki Meotro 3/18 5/17 « 1

1962 Giaux MISO 28/30 23/28 x >

1968 ATOG 85-27 ETA 154 /252 159/ 252 —r .

1986 Huilgol AK-2123  2/9 7/9 € !

1208 Dahancas NIM 104 /210 125/195 —

2006 Ullal AK-2123  8/23  18/23 :

Subtotal (Mypexic sensitizer) 970 /1731 1039/ 1666 @ OR: 0.76 (0.66-0.88) p<0.001
All trials with hypoxic modification 1203 /2406 1383 2399 ® OR: 0.71 (0.63-0.80) P<0.001

0.1 0.2 0.5 1 2 Y 10

i
Test for PRRT Hypoxic modification better  Control better
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t I N ‘\ I i l{ Dapartmsent of Experimentel (hnked Oncodogy, Asrhs Usiversity Hopiel, Acrfsis, Denmark

Endpoint: Disease specific death

Trial Moditication Events / Total Odds ratio and 95% Cl
Hypoxic
modification Control '
Normobaric 1970 Evans 1 o2 12/16 22725 € t
oxygen 1975 Evans 2 o2 13/20 19724 }
1079 RTOG 7002 Carbogen 78/121 84/133 -
2005 Mendennzll  Carbogen 11/50  14/51
2010 ARCON CarbeNic 22/171 207174 —‘——
Subtotal (Normebaric sxygen) 136/ 377 168 /407 e OR: 0.83 (0.59-1.17) pw0.29
Hyperbaric 1968 van den BrenkHBO 3/15 4/13 « '
oxygen 1971 Tobn 1971 HEO 59 6/8 - ~—i
1973 Chang 1073 HBO 20/26 20/25 -
1073 Shgamatsy  HBO 10/18  10/16 -
1977 MAC 1thal  HBO 65/125 96/151 —h—
1679 MRC 3tial  HBO 0/9 7118 € +
1979 Sause HBO 9/21 11/23 t.
1089 MRC 24fal  HBO 21/53 29/%0 et
1090 Hamy HBO 13723  19/25 a
SubLotal (Hyperberie sxygen) 146 /200 202/ 326 e OR: 0.58 (0.42-0.81) p=0.001
Hypoxic 1982 Giaux MISO 28/30 23/26 ' -
sensitizer 1983 Brunin MISO 18/51  22/50 —
1984 MAC 105 MISO 41/8 47/%0 ——t
1984 MRC 201  MISO 22/44 23148 —_—l
1984 Panis MISO 18/26 17/28 .
1585 Sealy 2 HBOMISO 33/60 46/84 —_—
1985 EORTC 220111 MISO 103/167 1147163 —_——t
1987 European Iral ETA 124/ 187 122/ 187 R
1987 IAEA study  Ormidazole 12/18 13718 "
1987 RTOG 79-15 MISO 87/147 97/150 i—
1980 Dahanca 2 MISO  147/328 151 /204 -
1989 HTOG 79.04 MISO 12/21 14719 ]
1989 Galeckd Motro /18 8/17 - '
1995 ATOG 8527 ETA 148/252 158/252 —-
1098 Huilgol AK-2123  3/9 719 - '
1968 Dahanca5 NIM 96/219 117/195
Subtotal (Mypexic senstioer) 893 / 1659 977/ 1596 OR: 0.74 (0.64-0.86) p<0.001
All trials with hypoxic modification 1175 /2335 1347/ 2329 OR: 0.73 (0.64-0.82) p<0.001

0.1 02 0s 2 5 10
Hypoxic modification better  Control better

-

Test for heterogeneity: p = 0.83
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t I N ‘\ H l{ Departmwent of Experémentel (hnked Oncology, Asrhus Usiversity Hopiel, Acrfus, Demmark
Endpoint: Overall death
Trisd Modification Events / Total Odds ratio and 95% CI
Hypoxie
modification Control
Normobaric 1970 Evans 1 o2 14715 23725 3| >
oxygen 1975 Evans 2 02 14/20 20/24 - .

1979 RTOG 70-02 Carbogen 78/121 84/133
2005 Merdenhall  Carbogen 21/50  24/51

2010 ARCON Cab+Nic 64/171 ©5/174

Subtotal (wormebaric sxygen)  191/377 216/407 OR: 0.96 (0.71-1.29) p=0.80
Myperbaric 1968 van don Srenk HSO 3/1% arn € - |
oxygen 1971 Tobin 1971  HBO 5/9 6/8 € v :I

1973 Chang 1973 HBO 20/26 20/25 -

1973 Shigamatsu  HBO 0/18 10716 -l

1977 MAC 1tral  HBO 927128 1077181 —;-h—

1070 MRC 3tral  HBO 3/9 12715 < :

1879 Sause HBO 9/21 11723 -

1686 MAC 2iral  HBO 24753 U/ ——

Sublotal (Hypersaric oxyges) 166 /276 204 /299 e OR: 0.73 (0.51-1.05) p=0.09
Hypoxic 1082 Giaux MISO 28/30 23728 -+ >
sensitizer 1683 Brunin MISO 19/51 2/% —_—

1084 MAC 10 MISO 41/82 47/%3 —

1084 MRC 20k MISO 22/44 23148 —_—

1884 Panis MISO 24/28 25/28 < :

1686 Sealy 2 HBOMISO 39/60 49/82 e——

1086 EORTC 22111 MISO 1207167 128/163 B B

1887 European ra’ ETA 124 /187 122 /187

1987 1AEA study Omdazole 12/18 13/18
1887 RTOG 79-15 MISO 122/147 1198/150
1080 Dahanca2 MISO 197 /328 173/204

1688 RTOG 7904 MISO Wwir 16/19

1089 Galock Motro 3/18 §/17

1095 RTOG 8527 ETA 164 /262 176/282

1596 Huilgol AK-2123  4/9 719 <
1998 Daharca 5 N 1577219 150/188

Sublotal (Hyperic sersnoe) 1093 /1659 1099 / 1599
All trials with hypoxic modification 1450/23121519/230%

OR: 0.87 (0.75-1.02) p=0.08
OR: 0.87 (0.77-0.98) p=0.03

nLLa,—ﬁ

01 02 1 B 10
Test for heterogeneity: p = 0.78 Hypoxic modification better  Control better

a
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Hypoxic modification of radiotherapy in squamous cell carcinoma of the head
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Table 2
Effect of hypoxac modification of radiotherapy of HNSCC given with different dase per fraction schedules,
Fractionation pattern Endpaint and Odds Ratio (95% C1)
Loco-regonal failure Disease speafic death Late radiation related morbidity
Hypo-fractonation® 056 (0.40-0.77) 052 (0.44-0.96) 183 (1.05-3.18)
p> 0001 p> 0001 p>003
Conventional fractionation® 0.77 (067-089) 0.78 (067-0.90 090 (0.71-1,14)
p> 0001 p> 0001 p>039

* The same fractionation pattern has been applied in hypoxic modification and control arms.



Meta-analysis of hypoxia in HNSCC

Hypoxic modification of radiotherapy in squamous cell carcinoma of the head
and neck - A systematic review and meta-analysis

Jens Overgaard *

| ) [ ' Dapartmsent of Experémentel (hnted Oncodogy, Asrfus Usiversity Hoipiel, Acrfsis, Demmork

Endpoint: Distant metastasis

Trial Modification  Events / Total Odds ratio and 95% CI
m«:m
Nomobaric 1975 Evans2  O2 s 2/ — e -
oxygen 1979 RTOG 7002 Carbogen 267131 22/120 +
2005 Menderhal Carbogen 7/50 9/861
Subtotal (Nomecbark cxygen) 35194 337188 + OR: 1.01(0.60-1.71) p=0.97
Myperbaric 1973 Chang 1973 HBO 2126 8128 - - -
oxygen 1977 MRC Liril HBO 271128 /181 —l-t—
1988 MRC 2.trinl  HBO 7153  6/%0 ~
1999 Haffty HBO a1 6/28 -
Subtotal Myperbaric oxyger) 40 /227 49251 <+ OR: 0.91 (0.57-1.46) p=0.71
Mypoxic 1986 Sealy2  HBOMISO 4/60 2/64 - ~
sensitizer 1987 RTOG 79.15 MISO 200147 21150 —_——
1989 Dahanca 2 MISO 16128 210294 —a
1995 RTOG 85:27 ETA 201252 345282 —a—
1998 Dahanca § NIM 15/219 19/198 —
Subtotal (Hypesic sensiiznr) 8411006 07/ 985 : OR: 0.82 (0.60-1.11) p=0.20
Al trials with hypoxic modification 159 / 1427 179 1 1391 OR: 0.87 (0.69-1.09) p=0.22
04 02 o5 1 2 5 10

Hypoxic modification better  Control better
Test for heterogeneity: p = 0.92
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Endpoint: Radiotherapy related late complications

| ) [ ' Dapartmsent of Experémentel (hnted Oncodogy, Asrfus Usiversity Hoipiel, Acrfsis, Demmork

Trial Modification Events |/ Total
Hypoxic
modification
Normobaric 1975 Evans 2 02 3/13 2114
oxygen 1979 RTOG 70«02 Carbogen 106/ 178 115/168
2005 Mendenhal Carbogen  5/50 551
Subtotal (Nermotaric cxygen) 1147241 1221203
Hyperbaric 1573 Chang 1973 HBO 3/26 2125
oxygen 1877 MRC 1.tral m 24/128 12113
1879 MRC A.tnal 2/9 1718
16979 Sause HBO s 4/23
1585 MRC 2ral  HBO 2/5 1/5
1869 Haffty HBO 12/23 1128
Subtotal pt cxygen) 48287 271289
Hypoxic 1984 MRC 10 fx MISO 2156 2/48
sensitizer 1984 MRC 20f6x  MISO 2/33 2/30
1984 Panis MISO 2/26 1/26
1585 Sealy 2 HBOMISO 1/17 1118
1586 EORTC zzs11a MISO 13/104 17/84
1587 Ewocpean trial ETA 127187 18/ 187
1567 IAEA study 7iie 9/18
1587 RTOG ™15 MISO 13/147 13/15%0
1589 Dahanca 2 MISO 357328 30/294
1589 RTOG 7804 MISO a1 8/18
18485 Galedk Metro as18 1M1
1968 RTOG 8827 ETA assase 29)282
1996 AK2123 1/9% 1/9
1568 Dahanca 8 Nin 9/1%0 6/138
Subtotal (Hypauic semasticer) 145/ 1366 148/ 1300
All trials with hypoxic modification 307 /1864 297 J 1822

Test for heterogeneity: p = 0.41

Odds ratio and 95% C1

v

OR: 0.74 (0.49-1.11) p=0.14

v

OR: 243 (1.434.12) peg 001

v ¥

»

——

——
—_

+

L 3

—_—r

A

=

01 0.2 05 1 2 5
Hypoxic modification better  Control better

v

OR: 0.92 (0.72:1.19) p=0.53
OR: 1.00 (0.82.1.23) p=0.96
10
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Head and neck cancer - meta analysis - summary

Endpoint Events / Total Odds ratio and 95% ClI
Hypoxic Odds Risk NNT**
modification Control ratio Reduction
Loco-regional control 1203 /2406 1383 / 2399 B 0.71 (0.63-0.80)* | 8% (5-10%)* 13
Disease specific survival 1175/2335 1347 /2329 . 3 0.73 (0.64-0.82) | 7% (5-10%) 14
Overall survival 1450 / 2312 1519/ 2305 R B 0.87 (0.77-0.98) | 3% (0-6%) 31
Distant metastasis 159/1427 17971391 0.87 (0.69-1.09) | 2% (-1-4%) 57
Radiotherapy complications 307 /1864 297/ 1822 1.00 (0.82-1.23) | 0% (-3-2%) >>
0.5 1 2

Hypoxic modification better Control better

Meta Analysis - Hypoxic modification of radiotherapy in HNSCC * 95% Cl.
e o ** Numbers of patients Needed to Treat

to achieve benelit in one patients.



Concluding remarks

Magnitude and cost of hypoxic modification

1. The magnitude of hypoxic modification resulted in a risk reduction of approximately 8% for
loco-regional failure and disease specific death.

2. This magnitude was the same as that achieved by accelerated fractionation, but slightly less
than that obtained by simultaneous chemoradiotherapy or hyperfractionated radiotherapy.

3. This benefit is, however, achieved without any detectable enhancement of radiation related
morbidity and as such, it represents a pure long-term gain

4. For the primary cancer related endpoints of loco-regional control and disease related survival
it was estimated that every time approximately 13 patients were treated did on average one
patient benefit from the use of hypoxic modification.

5. Since it does not cause any persistent or serious side effects, does it in full justify the use of
hypoxic modification, also because the other (economical) related costs are small, especially
when compared to the treatment with, e.g. biological modifiers or chemotherapy.



