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‘ A A Cancer Journal for Clinicians

Cancer Statistics, 2013
Rebecca Siegel, MPH1; Deepa Naishadham, MA, MS2;
Ahmedin Jemal, DVM, PhD3

Overall, cancer death rates have declined 20% from their
peak in 1991 (215.1 per 100,000 population) to 2009 (173.1
per 100,000 population).

Death rates continue to decline for all 4 major cancer sites
(lung, colorectum, breast, and prostate).

The reduction in overall cancer death rates since 1990 in men
and 1991 In women translates to the avoidance of
approximately 1.18 million deaths from cancer, with 152,900
of these deaths averted in 2009 alone.

CACancerJClin2013;63:11-30.VVC 2013AmericanCancerSociety.
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The Evolution of Radiation Therapy
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Effect of underdosage and overdosage
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Characteristics of Proton and Heavy Particle Therapy
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Relative Effects of Particle Therapy

* Proton RBE is similar to photons & there is ample clinical
experience providing reassurance to clinicians re: late
effects

¢ Distribution advantages of heavy ion beams are similar to
those of protons.

+ Tail on Bragg peak due to 1°C break-up
¢ Improved Lateral Penumbra compared to protons

+ Heavy ions are relatively high LET particles and may provide
a biological (RBE) & clinical advantage

+ RBE is dependent upon dose, biological system, dose rate,
endpoints evaluated

+ Higher RBE is only a therapeutic advantage for tumors if
there is a therapeutic ratio with normal tissues

PENN RADIATION ONCOLOGY @ Penn Medicine
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Summary - Rationale for Particles

+ Dose distribution — less normal tissue dose relative to
the dose deposited in tumors. Dose conformality is
key, however. The dose distribution advantage will be
most critical in those clinical situations where toxicities
are of greatest concern

— Pediatrics
— Combined modality setting
— Proximity to critical structures
— Second malignancies
* Biological advantage for some tumors with higher LET

particles. Fractionation, dose, dose rate are key factors.
The LET advantage will be important in

— Hypoxic Tumors (oxygen effect)
— Slowly growing tumors

PENN RADIATION ONCOLOGY @ Penn Medicine :



Summary - Rationale for Particles
¢ Higher Health Care Value

Emanuel and Pearson NYT January 2012
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The Evolution of Conformal Radiotherapy
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Comparison of Carbon lons vs. Protons

C-12 (GSI) Protons (Capetown/SA)

|:> Advantage due to beam scanning and less lateral scattering

0.Jaekel et al. DKFZ
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Proton Therapy in the Future — PBS on a Gantry

PENN RADIATION ONCOLOGY

PBS

47 year old woman with a
desmoid tumor s/p multiple
resections and positive
Margins

IMR
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Past & Current State — Particle Therapy

* There have been many patients treated with particle
therapy

+> 11,000 patients treated with ion beams — Berkley
which closed in 1992 and currently NRIS/Chiba,
CNAO and GSI/HIT

+> 12,000 patients treated with fast neutrons —
Seattle, Detroit, FermiLab, France, Belgium, & S.
Africa

+>1,000 patients treated with pions - Los Alamos,
PSI, TRIUMF

+ > 4,000 patients treated with BNCT — BNL, MIT,
Japan, Netherlands and Finland

+ >90,000 patients treated with protons
PENN RADIATION ONCOLOGY @ Penn Medicine 13
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What are the Data For the Clinical Use of Particle Therapy?

* Pediatric Malignancies — Protons based not on the
existence of Level 1 data but the unarguable
necessity for reducing integral dose

¢ Ocular Melanoma - Protons
+ Skull Base and Spine Tumors - Protons
¢ Salivary Gland Tumors — neutrons

*Emerging proton data in the combined modality
setting

¢ Current randomized trials in protons — locally
advanced NSCLC & low/intermediate risk prostate
cancer

PENN RADIATION ONCOLOGY @ Penn Medicine
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Second Malighancies

* MGH-Harvard Cyclotron Laboratory

+ Matched retrospective cohort study of 1,450 HCL proton
pts and photon cohort in SEER cancer registry.

+ Matched 503 HCL proton patients with 1591 SEER
patients

¢+ Median f/u: 7.7 years (protons) and 6.1 years (photon)
+ Median age 56 (protons) and 59 (photons)

¢+ Second malignancy rates

* 6.4% of proton patients (32 patients)
« 12.8% of photon patients (203 patients)

* Photons are associated with a higher second

malignancy risk
« Hazard Ratio 2.73, 95% CI 1.87 to 3.98, p< 0.0001

Courtesy of H. Shih, MD
Chung et al. ASTRO 2008
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Unanswered Questions

¢ |deal Fractionation with particle therapy and how does this differ
between higher and lower LET therapies?

+ RBE (and potentially normal tissue effects) is dependent upon LET
but also dose, biological system, dose rate, endpoints evaluated

¢+ |t may be important to take advantage of the higher RBE of high
LET radiation for tumor control but the effects on normal tissues
may limit application.

+ |[f hypofrationation is considered, it is probably important to limit
the deposition of high LET radiation in normal tissues because the
repair differences between tumor and normal tissue will likely be
less important

* Therefore, motion management, onboard imaging, advanced
Imaging for tumor and normal tissue delineation become critical
factors

* In the end, for clinicians, it is about the balance between tumor
control and late normal tissue toxicities.
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Unanswered Questions

* What is the role of particle therapy in the treatment of
hypoxic tumors?

+ Patient selection is critical —the role of biomarkers
+ Hypoxia imaging will likely be important
* \WWe need to understand better the role of re-oxygenation

* There are emerging data which relate abnormalities in
the tumor microenvironment to molecular events
(signal transduction pathway activation)

* We will need to understand the molecular signatures of
tumors that are associated with hypoxia

* \We will also need to understand the molecular
signhatures of treatment and how that predicts for
clinical outcome.

PENN RADIATION ONCOLOGY @ Penn Medicine 17



When Should We Use Particles?

*Serious AE with x-rays

¢ Importance of surrounding normal tissue
*Improvements in local control are needed
+|_ate morbidity is an important issue
*Complex geometry

+Target volume large relative to normal
tissue compartment

*Tumor biology factors — hypoxia, repair
— Adapted from Zietman, Goiten, Tepper JCO 2010

PENN RADIATION ONCOLOGY @ Penn Medicine
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Possible Clinical Situations for Particle Therapy

+ Pediatric Malignancies

*+ Combined modality setting — dose avoidance
— NSCLC
— Gl cancers
— cervical cancer

+ Hypofractionation

+ Re-Irradiation

¢ Tumors of the Brain, Spine & CNS

¢ Tumors of the Mediastinum

*|ow grade or benign tumors

* Hypoxic & radio-"unresponsive’ Tumors

PENN RADIATION ONCOLOGY @ Penn Medicine 19



NSCLC - Advanced Disease is Common...

*+ 70% of NSCLC patients present with Stage Ill or IV disease

Chemoradiotherapy is the standard approach in many of these patients

PENN RADIATION ONCOLOGY Penn Medicine 2o



Overall Survival Improved with Concurrent Chemoradiotherapy

Review: Concurrent chemaradiotherapy in non-small cell lung cancer
Comparisan: 2 Concurrentvs Sequential chemaradiotherapy
Outcome: 1 Overall survival

Study or subgroup Concurrent chemaRToequential chemoRTog [Hazard Ratio] Hazard Ratio Weight Hazard Ratio
i N (S0 W, Randam,35% CI V,Random,35% CI
Curran 2003 200 199 -0.24 (0.11) I RS 0.79[0.63, 098]
Fournel 2001 100 101 -0.4 (0.34) —— 7.7 0.67[0.34,1.31]
Zatloukal 2003 52 50 -0.45(0.22) . 5 185% 0.61[0.40,0594]
Total (95% CI) L 100.0 % 0.74 ] 0.62, 0.89 |

Heterageneity: Tau® = 0.0; Chit = 113, df = 2P = 0.57); F =0.0%
Test for overall effect: 2= 3.16 (F = 0.0016)

0.01 01 | 10 100
Favours concurrent Favours sequential

Cochrane Database Syst Rev. 2010 Jun 16
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Serious Toxicities Also Increased

Rewview: Concurrent chemoradiotherapy in non-small cell lung cancer
Comparison: 2 Concurrent ws Sequential chemoradiotherapy

Dutcome: & Toxicity

1
Total events: 25 (Concur nt, 1 (Sequential)
Heterogeneity: Tau® =

Test for owerall effect: Z = 0.11 (P = 0.91)

9: Chi* =1.72, df=1 (P =0.19); I =42%

Study or subgroup Concurrent Sequential Risk Ratio Risk Ratio
n n/HM M-H.Random 95% CI M-H.Random, 95% CI
1 Treatment-related deaths
Curran 2003 57201 47201 —— 1.50 [0.43, 5.24 ]
Fournel 2001 10793 37100 —— 3.58[1.02, 12.62]
Feinfuss 2005 Z/e4 2/83 L 1.06[0.15, 7.235]
Wu 20086 os40 os40 0.0[0.0, 0.0]
Zatloukal 2003 orsz oss0 0.0[0.0, 0.0]
Subtotal (95% CI) 470 480 e 202 [ 0.90, 4.52 ]
Total ewents: 18 (Conc ntl. 9 (Sequential)
Heterogeneity: Tau® = 0.0; Chi* = 1. .45, df = 2 iP = 0.48); 12 =0.0%
Test for overall effect: Z = 1.71 (F = 0.088)
2 Acute prneumonitis
Curran 2003 /201 147201 —— 0.57 [0.25.1.33]
Fournel 2001 5F93 117100 —— 049 [0.18.1.35]
Feinfuss 20035 Sfe4 2489 e —— 2.63[0.52,13.281
Wu 2006 13040 8/40 —— 1.62[0.76. 2491
Zatloukal 2003 2F51 1748 = 1.86[0.18, 20.09]
Subtotal (95% CI) 469 4758 e 0.99% [ 0.51, 1L.91 ]
Total ewents: 22 (Conc ent), 26 (Sequential)
Heterogeneity: Tau® = 0.22; Chi* = 6.81, df =4 (P = 0.15); I* =41%
Test for owverall effect: £ = 0.02 (P = 0.98)
3 Acute oesophagitis
Curran 20032 50/201 /201 —— 6.25[3.04, 12.84]
Fournel Z001 =0s9z= /100 —— 10.75 [ 240, 24.05]
Feinfuss 2005 Fieg ose9 = 15.68[0.92, 2F73.841]
Wu 2006 19040 10/40 —— 1.0 [1.01. 2561
Zatloukal 20032 ar51 2/48 —— 4.24 [0.96, 18.621]
Subtotal (95% CI) 469 4r 8 e .96 [ 2.1F, 11L.37 ]
Total events: 115 (Concurrent), 22 (Sequential)
Heterogeneity: Tau® = 0.52; Chi* = 11.81, df =4 (P = 0.02); I =66%
Test for overall effect: Z = 3.79 (F = 0.0001 5)
4 Meutropenia
Curran 2003 1177201 11=/201 [ | 1.04 [0.8F. 1.23]
Fournel 2001 72193 BE/100 || 0.BE[0.77.1.00]1
Feinfuss 2005 4784 1/83 4.24[0.48, 37.151
Wu 2006 2E/40 17740 —.— 1.52[1.00, 2.24]
Zatloukal 20032 232r51 19/48 —_— 1.62[1.09 2.45]
subtotal (95% CI) 469 Ery:] - 1.18 [ 0.90, 1.55 ]
Total events: 252 (Concurrent), 228 (Sequential)
Heterogeneity: Tau® = 0.06; Chi* = 17.59, df =4 (F = 0.001): I =F7%
Test for owverall effect: £ =1.19 (P = 0.23)
5 Aniaemia
Fournel 2001 19793 z8/100 - 0.73 [0.44, 1.21 1
Zatloukal 2003 6/51 /48 — 1.88 [0.50. 7.11 1]
Subtotal (95% CI) 148 i 0.95 [ 041, 2.21 ]
1

0.0z

Favours concurrent
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RTOG 0617

A Randomized Phase 111 Comparison of
Standard-Dose (60 Gy) Versus High-Dose (74 Gy)
Conformal Radiotherapy with Concurrent and
Consolidation Carboplatin/Paclitaxel +/-

Cetuximab In Patients with Stage IH11A/I11B Non-
Small Cell Lung Cancer

Intergroup Participation:
RTOG, NCCTG, CALGB

Presented at the ASTRO Annual Meeting Plenary Session 2011

PENN RADIATION ONCOLOGY
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Schema

<TM—=4>04HW0

RT Technique

1. 3D-CRT
2. IMRT

Zubrod
0
1

PET Staqging
1. No
2. Yes

Histology

1. Squamous

2. Non-
Squamous

MmMN—-—ZQ0022>»730

Concurrent Treatment

Consolidation Treatment

Arm A
Concurrent chemotherapy*
RT to 60 Gy, 5 x per wk for 6 wks

Arm A
Consolidation chemotherapy*

Arm B
Concurrent chemotherapy*
RT to 74 Gy, 5 x per wk for 7.5 wks

Arm B
Consolidation chemotherapy*

Arm C

Concurrent chemotherapy* and
Cetuximab

RT to 60 Gy, 5 x per wk for 6 wks

Arm C
Consolidation chemotherapy*
and Cetuximab

Arm D

Concurrent chemotherapy* and
Cetuximab

RT to 74 Gy, 5 x per wk for 7.5 wks

Arm D
Consolidation chemotherapy*
and Cetuximab

*Carboplatin and paclitaxel

PeENN RADIATION ONCOLOGY
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Overall Survival 0617

100 —

R

R‘“—‘—-—-&\\—i

\l
il

Dead Total

— oGy 58 213
— 774Gy 70 204

ol HR=1.45 (1.02, 2.05) 0*=0.02

Overall Survival (%)
a1
o

N
a1

0 3 6 9 12
Patients at Risk Months since Randomization
60 Gy 213 190 149 124 104
74 Gy 204 175 137 116 93

*One-sided p-value, left tail

I Shid ourtLgs O?IT J flf\l (B:glg(l%’Y MD-and the RTOG @ I .



RTOG 0617

— Definitely, Probably, or Possibly Related to Treatment

(Using CTCAE Version 3.0)

Standard Dose: 60 Gy

High Dose: 74 Gy

(n=192) (n=183)
September 2011
P Grade Grade
3 4 5 3 4 5
Worst non-hematologic 79 14 4 85 17 8
g (41.1%) (7.3%) (2.1%) (46.4%) (9.3%) (4.4%)
Worst overall 84 45 4 78 52 8
(43.8%) (23.4%) (2.1%) (42.6%) (28.4%) (4.4%)

Grade 5 Events

As scored by institution

No significant difference

=2)

(n=8)

2 Pulmonary
1 Thrombosis
1 Death NOS

2 Pulmonary
1 Thrombosis
1 Upper Gl Hemorrhage
1 Pulmonary Hemorrhage
1 Pneumonia NOS
1 Esophageal
1 Death NOS

Slide courtesy of Jeff Bradley, MD and the RTOG

PeNN RADIATION ONCOLOGY
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Lung Cancer

*Serious AE are a problem

+Sparing surrounding normal tissues Is an
Important goal

*Improvements in local control are needed
*Complex geometry

*There appears to be a reasonable
rationale for protons in lung cancer &
some preliminary data suggesting a
benefit

Adapted from Zeitman, Tepper, Goiten JCO

PENN RADIATION ONCOLOGY @ Penn Medicine 27
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Lung Cancer and Proton Therapy

+Consecutive patients enrolled in two IRB
approved protocols at MDA Cancer Center
5/06-6/08

*44 pts with Stage 111 NSCLC treated with 74
cGy, weekly carbo/paclitaxel

*Median F/U 19.7 mos; Median OS 29.4 mos
*Grade 3 esophagitis 5 pts (11%)

*Grade 3 pneumonitis 1 pt (2%o)

*|_ocal disease recurrence 4 pts (9%o)

Chang JY et al Cancer Mar 22 2011
PENN RADIATION ONCOLOGY @ Penn Medicine
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RTOG 1308

RTOG 1308

Phase Ill Randomized Trial Comparing Overall Survival
after Photon versus Proton Radiochemotherapy for
Inoperable Stage IlI-llIB NSCLC

Stage
1. |
2. A
3. B

GTV Volume

1. <£130cc
2. >130cc

Histology

1.  Squamous

2.  Non-
Squamous

<TM==>A-®

Neoadjuvant
Chemo

1. No

2. Yes

PeENN RADIATION ONCOLOGY
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SCHEMA

Arm 1: Photon
dose—Higher
achievable dose
between 60-70 Gy,
once daily plus
platinum-based
doublet
chemotherapy*

Arm 2: Proton
dose—Higher
achievable dose
between 60-70 Gy
(RBE), once daily
plus platinum-
based doublet
chemotherapy*

Both Arms:
Consolidation
chemotherapy
X2is
allowed*

@ Penn Medicine
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Conclusions

* There has been a substantial increase in the technological
complexity of radiotherapy driven by advances in computing
power, imaging and more efficient methods for delivering
radiation

+ Particle therapies provide a potential benefit over
conventional radiotherapy with respect to dose distribution
and biological effectiveness — does this translate into clinical
benefit?

* The dose distribution advantage will be most critical in those
clinical situations where toxicities are of greatest concern:
Pediatrics, Combined modality, Proximity to critical
structures, second malignancies

+ Biological advantage with higher LET particles: Hypoxic
Tumors (oxygen effect), Slowly growing tumors

PENN RADIATION ONCOLOGY & PennMedicine 3
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The Value of Cancer Care Expenditures in the US

*Philipson and colleagues University of
Chicago
+Study to assess the value of cancer care

expenditures in the US compared to the
European Union

+Standard health services metrics were
evaluated — value of additional years of
life In dollar terms

Philipson, T. et al Health Affairs, April 2012
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Cost of Cancer Care Higher in the US

United States
® Eurcpean Union

- 11
983-A5 1986-88 1983-91 1952-594

Philipson, T. et al Health Affairs, April 2012
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The Value of Cancer Care Expenditures in the US

¢ Cancer patients in US lived — 11.1 years vs. 9.3 years
after diagnosis

+ Extra years of life worth $598 Billion or $61,000 per
cancer patient

+ VValue highest in prostate cancer & breast cancer
patients

+ US cancer care was more expensive but achieved
better outcomes & therefore, the additional costs
may be justified

Philipson, T. et al Health Affairs, April 2012
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