
Improving the Outcome of Lung 
Cancer with Advanced Technology: 

Photon, Proton and Carbon 



1895 ςA New Kind of Ray

Wilhelm Röntgen



1908 - Stockholm Method of Hypofractionation Using 
Brachytherapy

Gösta Forsell



1914 ςErlanger Method of Hypofractionation 
using Teletherapy

Hermann Wintz



1920 -/ŜǊǾƛȄ /ŀƴŎŜǊ ƛǎ ά/ǳǊŜŘέ ōȅ Hypofractionated
Brachy- and Teletherapy

ÅGynecological specialist congress - a participant 
shouted,

ά/ŀƴŎŜǊ ƛǎ ŘŜŦŜŀǘŜŘ Χέ



Late 1920 s The Sky Fell

LATE radiation toxicity:  ulceration, denervation, devasculization,
stenosis, fibrosis, devitalization



Why did the sky fall?
ÅTechnology problems
ïVery low energy beams (most dose into the skin)

ïCrude guidance

ïPoor understanding of radiation interactions (unable to represent dose



Why did the sky fall?
ÅTechnology problems
ïVery low energy beams (most dose into the skin)

ïCrude guidance

ïPoor understanding of radiation interactions (unable to represent dose

ÅBiology problems
ïAs with tumor, normal tissues poorly tolerant of radiation therapy

ÅClinical problems
ïCrude understanding of tumor location

ïNormal tissues extensively irradiated



Traditional Radiobiology
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US Pioneers Champion
Protracted Fractionation 

Gilbert Fletcher Juan Del Regato

Henry Kaplan Franz Buschke Isodore Lampe



Fletcher, Kaplan, Lampe, Del Regado, and 
.ǳǎŎƘƪŜΩǎ ¢ƻƻƭōƻȄ

ÅMostly 1-D and 2-D teletherapy



Tools that Fletcher 5ƛŘƴΩǘ IŀǾŜ 

ÅStereotactic targeting

Å3-D conformal avoidance

Å IMRT

Å4-D motion assessment

ÅMotion control

Å Image guidance

ïALL FACILITATING STEREOTACTIC ABLATIVE (SABR) AND IMAGE-
GUIDED HYPOFRACTIONATED RADIOTHERAPY



Sexy and Top Advances with Radiation Therapy 
for Lung caner 

Advanced Stage NSCLC: SBRT

Early Stage NSCLC: SBRT

LAStageNSCLC: IGRT

The Advancement of Radiation Therapy 
Technology



Stereotactic Body Radiation Therapy
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Stereotactic Body Radiation Therapy

RTOG 0236: 2000 cGy X 3 
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Patients
at Risk 55 54 47 46 39 34 23

Fail: 1
Total: 55
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RTOG 0236: Local Control

36 month
local control = 98% (CI: 84-100%)

Timmerman: ASTRO 2009, 11/2/2009 Chicago

1 failure within PTV, 0 within 1 cm of PTV



Robert Timmerman, MD;Rebecca Paulus, BS;James Galvin, 
PhD;Jeffrey Michalski, MD;William Straube, PhD;Jeffrey 
Bradley, MD;Achilles Fakiris, MD;Andrea Bezjak, 
MD; Gregory Videtic, MD;DavidJohnstone, MD;Jack Fowler, 
PhD;Elizabeth Gore, MD;Hak Choy, MD

RTOG 0236
Primary (In-field + 
Marginal) Tumor 
Recurrence

60 month
Primary tumor recurrence= 7%



Stereotactic ablative radiotherapy versus lobectomy for 
operable stage I non-small-cell lung cancer: a pooled analysis 

of two randomized trials

The Lancet Oncology
Lancet Oncol2015; 16: 630ς37

Joe Y Chang, et al.



Ç Conventional Therapy

o Standard Care

Ç Proton therapy

o The Recent Technology 

Radiation Oncology ïBeyond Photon 



Number of patients treated with
Protons in the world 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

50,000

Proton

Proton

95,424

(88.2%)



Proton Therapy:

What is it  ?

What s the big deal about it ? 



It s a Big machine !
13 m diameter
190 tons
{!5 җ нΦт Ƴ





How Proton is different than

X-rays/Photon ?

Mostly in the Physical property

Not much difference in Biology!



Dose Distribution Advantage

Discovered by 
Sir William 
Henry Bragg
in 1903



Provide a lethal 
ŘƻǎŜ ǘƻ ǘƘŜ ǘǳƳƻǊΧ 

ΧǿƘƛƭŜ ǎǇŀǊƛƴƎ ǘƘŜ 
surrounding healthy 

tissue 

Effectiveness of Particle 
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ASTRO 9-2013 



General Hypothesis of using Proton 
Beam for Lung Cancer

1. Proton therapy can significantly reduced the 
volume of lung/heart exposed to radiation 
and sparing of normal tissues compared to 
photon therapy:

2. Higher dose conformity of dose distributions 
can be exploited to escalate tumor dose:

Potential reduced Toxicities 
and perhaps better survival.

Possible better tumor control.



Long-term outcomes after proton therapy, with concurrent
chemotherapy, for stage IIςIII inoperable non-small cell lung cancer

Q.-N. Nguyen et al. / Radiotherapy and Oncology 115 (2015) 367ς372

1. Proton therapy can significantly reduced the volume 
of lung/heart exposed to radiation and  sparing of 
normal tissues compared to photon therapy: 
Potential reduced ToxicitiesĄ improve survival ?έ



Long-term outcomes after proton therapy, with 
concurrent chemotherapy, for stage IIςIII inoperable 

non-small cell lung cancer 

Q.-N. Nguyen et al. / Radiotherapy 

and Oncology 115 (2015) 367ς372

RTOG 0617: 60Gy (Photon)
OS 2 yr: 57.6%
LF 2 yr: 30%
DM 2 yr: 46%



No

66 CGE proton & photon 
plans achievable

4-

4D simulation;

Delineation of targets and 
normal tissues

Eligible Stage II

-

IIIB NSCLC 
patients;

Informed consent

74 CGE proton & photon

*

plans achievable

Random Phase II  trial comparing 
Proton vs Photon in stage III 
NSCLC with chemo: PI. Liao
MD Anderson/MGH Joint Trial

Photons (Group 1)
Modality that allows 
higher dose (Group 

3)

During treatment

ωWeekly CT images
ωRe-planning if indicated

ωMDASI - Lung (optional)

ωBlood samples (optional)

Follow -up (see table)

ωMonthly tox. Assessment
ωTests on each follow -up 
visit

Randomize at achieved 
dose level

Protons (Group 2)

Yes

Yes

ProtonsPhotons

No

*IMRT or 3D CRT

Insurance

Photons @ highest 
dose achievable 

(Group 4)

OK

Denied



IMRT vs. PSPT - Latest Results
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Personal Communication  From DrLiao 2015



How can we demonstrate the Proton 

Radiotherapy is Superior to Intensity 

Modulated Radiotherapy (IMRT) ?

1. Understanding the impact on biologically-

effective proton dose distributions delivered to 

the patient

2. linear energy transfer (LET) guided plan 

optimization  with  intensity modulated proton 

therapy (IMPT)

3. Minimize the uncertainties: Range uncertainty, 

intra-fractional motion, inter-fractional anatomic 

changes

4. Randomized Phase III trials in certain Tumor



RTOG 1308 

 
Phase III Randomized Trial Comparing Overall Survival 

after Photon versus Proton Radiochemotherapy for 
Inoperable Stage II-IIIB NSCLC 
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1. II 
2. IIIA 
3. IIIB 

 
GTV Volume 

1. Ò 130 cc 
2. > 130 cc 
 

Histo logy 
1. Squamous 

2. Non-
Squamous 

 

Neoadjuvant 
Chemo  

1. No 
2. Yes 
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Arm 1: Photon 

doseðHigher 
achievable dose 

between 60-70 Gy, 
once daily plus 
platinum-based 

doublet 
chemotherapy* 

 
Arm 2: Proton 
doseðHigher 

achievable dose 
between 60-70 Gy 

(RBE), once daily 
plus platinum-
based doublet 

chemotherapy* 

Both Arms: 
Consolidation 

chemotherapy 
x 2 is 
allowed* 

 

Target Accrual: 560,  Accrual as of 1/15: 48



Ç Conventional Therapy

o Standard Care

Ç Proton therapy

o The Recent Technology 

Ç Heavy Ion Therapy

o The Most Advanced Technology

Radiation Oncology ïBeyound Photon and Proton



Number of patients treated with
Protons and C-ions in the world 
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Operational (11)
Austria MedAustron, Wiener Neustadt

China Fudan Univ CC, Shanghai 

China IMP-CAS, Lanzhou 

Germany HIT, Heidelberg 

Germany MIT, Marburg

Italy CNAO, Pavia 

Japan HIMAC, Chiba 

Japan HIBMC,Hyogo

Japan GHMC, Gunma 

Japan SAGA-HIMAT, Tosu

Japan i-ROCK, Kanagawa 

Under Construction(5) 
China HITFiL, Lanzhou 

China Another Center, Lanzhou 

Japan, Osaka

Japan, Yamagata

South Korea KHIMA, Busan 

Advanced Planning(4) 
Japan Okinawa

Taiwan, CMU 

Taiwan, Taichung Univ

South Korea, Yonsei University

World Wide Heavy Ion Therapy Centers

AP End of 2015 

Total : 20



LǘΩǎ ǘƘŜ .ƛƎƎŜǎǘ wŀŘƛŀǘƛƻƴ ¢ƘŜǊŀǇȅ aŀŎƘƛƴŜ



Perhaps, we can do better with

Heavy Ion Therapy (Carbon) !


