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Lung cancer: Clinical outcomes

Optimize radiotherapy techniques to improve upon current successes

Local control rates >85% for small peripheral
Stage | NSCLC tumors treated with stereotactic radiotherapy
[Onishi '04]

INT 0139 [Albain '05]
Concurrent chemo-radiotherapy followed by
Stage IIA-N2 surgery not superior to definitive chemo-

NSCLC radiotherapy

EORTC 08941 [van Meerbeeck '05]

Sequential chemo-surgery not superior to /

sequential chemo-radiotherapy ///;
i
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INT 0139: Survival end-points

Endpoint CT+RT+S CT+RT

Median 12.8 months 105 months
5-year (£ 95% Cl) 22.4% (6) 11.1%(5)

Median 23.6 months 22.2 months
5year (£95% Cl) 27.2% (6) 20.3% (6)

*crossing sunvival curves due to treatment-related
deaths, 96 (24.2%) alive/censored (
/

VU medisch centrum

INT 0139: Treatment-related mortality

* During induction  ==) none, either arm

- CT/RTIS total =) 16 (7.9%)
30 days postop. 10 (5.0%)
misc. other 6 (2.9%)

e CT/RT (during or = 4 (2.1%)
after consolidation)

Deaths by type of surgery:
simple pneumonectomies = 22% (5/23)
complex pneumonectomies = 29% (9/31)

lobectomies = 1% (1/98) ({/;.
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INT 0139: Toxicity from CT-RT

E CT/RT/S
(n=202)

B CT/RT
(n=194)

Percent (%)

18 24

Neutropenia Esophagitis* Nausea/ Pneumonia/
emesis  respiratory.

n=0.0006
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Management of stage IlI-N2 disease

Chemo-radiotherapy is the standard of care but
improvements in local tumor control are required

Role of surgery remains investigational as it leads to

* unacceptable mortality after induction CT-RT,

* poor survival if not down-staged, or where lobectomy
is not possible
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Stage IlI-N2: CT-RT approaches

1. Sequential chemotherapy  —» Radiotherapy

. *
2. Concurrent *chemo—radlotherapy often low-dose chemotherapy

3. Induction chemotherapy——» Concurrent *chemo—radiotherapy

4.  Concurrent *chemo-radiotherapy—> Consolidation chemotherapy

(4{;
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Why 2-dimensional RT is unacceptable

Target coverage with 2D radiotherapy

Study Year | Patients g]r?cj)(r);
RTOG 7301 ‘82 316 12%
SWOG 7628 ‘82 140 31%
RTOG 8311 ‘93 832 6 %
CALGB 8433 ‘90 155 23 %
EORTC 8844 ‘91 332 15 %
INT 0139 ‘03 194 19 %

Major errors : when part of tumor was missed by 3 1 beams
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Late radiation-induced bronchial toxicity

* Dose of 70 Gy or higher after platinum-based induction
chemotherapy [Miller '05, Marks '04]

» Late grade 3/4 toxicity in 8/18% respectively
— Stenosis of main bronchus / pleural fistula
—esophageal stricture/ obstruction

— pulmonary artery obstruction
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Radiation-induced bronchial stenosis

Miller '04

‘Pre-and post-treatment CT showing right mainstem
bronchial stenosis with post-obstructive atelectasis
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Radiation-induced cardiac toxicity

Breast cancer : Left ventricular (LV) perfusion defects in 40% of
pts within 2 years of RT; defects correlated with LV volume in RT
field, and persisted for 3 to 5 years after RT [Marks '05]

Hodgkins disease : Ischemic heart disease, including myocardial
infarction, increases after irradiation [Hancock 93]

Hodgkins disease : High prevalence of diastolic dysfunction after
mediastinal irradiation, which was associated with stress-induced
ischemia and a worse survival [Heidenreich 05]
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EORTC recommendations (2004)

Background

® Conformal radiotherapy (CRT) for lung cancer was
not widespread in Europe in 1990’s

® US Patterns of Care study: CT planning used in
49% of radical treatments; only 52% of respondents
used “3D conformal RT” [Movsas '03]

* Radiotherapy can cure lung cancer; ensure
optimal clinical implementation of CRT in trials and

routine care
({/;
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EORTC recommendations (2004)

High-precision radiotherapy is a multi-step process
which is only as good as the weakest component.

® patient positioning

® CT scanning

® tumor mobility

® generating target volumes

° treatment planning

° treatment delivery

® scoring response and toxicity

MRT
((/;
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Patient positioning

Reproducible patient setup can be achieved using T-bar

devices; Customized immobilization devices not mandatory.

Stable arm support preferred if prolonged immobilization

needed, e.g. breath-hold CT scans, or gated treatment delivery.

References: Samson ‘99; Halperin ‘99; DeBoer ‘01

'/
VU medisch centrum ( '

CT scanning

Spiral CT scans are superior to single-slice CT scans

Define treatment isocentre at the time of CT scan.

l.v. contrast is not mandatory for contouring mediastinal nodes
but may improve contouring of central tumours.

Thin CT slices (2-3 mm) enable use of high-resolution DRR s,

thereby removing the need for a separate simulation step.
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Tumour mobility

* Fluoroscopy is not a reliable for 3D treatment planning **

* ‘Slow’ CT scans can capture reproducible target volumes for

peripheral lung cancers.

* Add 5 mm margin to mediastinal nodes for mobility **

* Adding ‘standard’ margins to GTV derived from a single rapid CT

scan leads to inappropriately large CTV'’s (or inadequate coverage)
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Mediastinal nodal mobility

Piet A, Lagerwaard FJ et al, submitted

ADCT analysis of mobility of 47 mediastinal
nodes at different thoracic stations

Lymph node location
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Tumour mobility

Investigational procedures **

Breath-hold reduces tumour mobility but is poorly tolerated by
patients with lung cancer.

External breathing signals may not reflect the tumor position;
breath-hold or gating should take place with on-line monitoring.

4DCT and respiration-gated treatment delivery (4-D radiotherapy)

appears promising **
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ADCT acquisition (cine scan)
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Image sorting (GE Advantage4D)

16 slice CT & Varian RPM systems

End-inspiration (Full respiratory cygle

N N"T

End-expiration

GE Image Sorting Program ‘
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Image sorting (GE Advantage4D)

End-inspiration Full respiratory cygle

10 respiratory
‘bins’ usually
obtained

End-inhale
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Mid-exhale End-exhale Mid-inhale
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Generating target volumes

* Specify nodal stations using the Mountain/Dresler modifications from
Naruke/ATS-LCSG map (1997).
* Include nodes with a short-axis diameter of 3 1cm in the GTV.

* FDG-PET scans superior to CT for mediastinal nodal metastases.

* Elective nodal irradiation does not confer survival benefit **
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Defining nodal GTV’s

Senan, Sem Rad Onc 14; 308-314, 2004

Table 1 Scheme for Defining the Mediastinal GTV for NSCLC

and PETt

Nodal Diameter*

Action

Comment/Rationale

<1 em PET +ve
<1 em PET —ve
>1 cm PET +ve

=1 cm PET —ve
and where no
cytology is
available

Include in GTV

Exclude from GTV

Include in GTV unless repeated cytology of the
node is negative

Include in GTV if primary tumor is PET
negative

If primary tumor shows PET uptake, exclude
node from GTV unless cytologically positive

High positive predictive value of PET scan

Only if a dedicated PET scan was used

EUS-FNA has sensitivity of 88% and
accuracy of 91%

*Diameter In short-axis.
tUsing a dedicated PET scanner.

74
W
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Treatment planning

3D margins added to achieve specified tumour coverage probability.

Pneumonitis risk estimated from V,, or mean lung dose**

The volume of esophagus irradiated & full-circumference receiving
doses of 45-50 Gy correlates with toxicity.

3D dose-toxicity correlations for cardiac-pericardial toxicity unclear **
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V,, predicts acute radiation pneumonitis

Induction chemotherapy
(Graham 1999)

Concurrent chemo-RT
(Tsujino 2003)

V Incidence 3 G2 vV Incidence 3 G2
20 pneumonitis 20 pneumonitis
<22% 0% <20% 8.7%
22-31 % 7% 21-25% 18 %
32-40 % 13 % | 26-30 % 51 %
> 40 % 36 % > 31 % 85 %

V,0: % volume of non-tumor bearing lung receiving 20 Gy

VU medisch centrum

14



Pre-operative CT-RT - V,, or VS5 ?

Wang SL, in press [JROBP 2006

* 110 patients with esophagus cancer treated with pre-op 3DCRT to
doses of 41.4 — 50.4 Gy (1.8 —2.0 Gy per fraction)

* Volume of lung spared from doses >5 Gy the only significant
independent factor associated with 30-day post-op pulmonary
complications (p< 0.005)

* Minimise volume of lung unexposed to radiation reduces incidence of

post-op pulmonary complications.
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Radiation pneumonitis in NSCLC treated with concurrent

chemotherapy and 3D-CRT

Wang S, in press [JROBP

Dosimetric parameters of relative and absolute volumes of lung receiving more than a
threshold dose D of radiation (rvVD and aVD)

rV5 most significant factor associated with treatment-related pneumonitis; the 1-year

actuarial incidences of G 3 pneumonitis in group V5 42% and V5 >42% were 3%
and 38%, respectively (p = 0.001).
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Prevalence of Myocardial Ischemia After Concurrent

Chemo-radiation in esophageal Cancer

Gayed IW, J Nucl Med 2006

* 51 patients (26 RT and 25 non-RT)
* Gated myocardial perfusion imaging (GMPI)

* Mean and median interval between RT and GMPI
was 7.5 and 3.0 mo, respectively.

* Myocardial perfusion defects seen in 54% of RT
group and 16% of non-RT group.

* Most perfusion defects encompassed within 45 Gy
isodose line

Treatment delivery

Off-line setup correction protocols using an EPID (and DRR s)
allows for use of reduced CTV-PTV margins **

EPID landmarks for patient setup are thoracic wall and trachea
(AP), and vertebrae and sternum (lateral).

Photon energies >10 MV may be inappropriate as a result of the
increased range of secondary electrons in lung tissue, which

leads to increased penumbra broadening.
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Evaluating response & toxicity

A complete response, or controlled local disease, following

radiotherapy is defined according to the criteria of Green et al.
(controlled local disease - complete disappearance of all evidence of malignant disease or
residual radiographic abnormalities assessed by chest CT-scan at 3 and 6 months after

completion of radiotherapy, which then remains stable for an additional 6 months or more)
Response to chemotherapy evaluated using RECIST criteria.

All treatment-related toxicity scored using CTC v3.0
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Post-EORTC guidelines: Update

« Treatment selection based on V,,

 Randomised trial of involved-field

(IFRT) vs elective nodal RT (ENI)

« Advances in image guided (4D) RT

Toxicity & survival in SWOG 0023

Gaspar ASTRO 2006

SWOG 0023: Phase lll trial of concurrent chemoRT

followed by consolidation docetaxel and

Iressa/placebo maintenance in patients with

inoperable stage Il non-small cell lung cancer
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Toxicity & survival in SWOG 0023

Gaspar ASTRO 2006

SWOG 0023: Toxicity & survival

Gaspar ASTRO 2006

V,, <35% V,, >35%
Radiation
pneumonitis 4 % 10 %
Grade 3
Med_lan 24 mo 12 mo
survival
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Randomised trial of IFRT vs ENI
Yuan, Proc ASCO 2006

200 patients treated with concurrent CT-RT

2 cycles of CT before RT; 2-3 cycles after RT by
same or changed regime (response to initial CT)

3DRT to 68-74 Gy (for IFRT) and 60-64 Gy (for ENI)

Involved-fields based on pre-CT (or greatest) tumor
volume to +ve mediastinal nodes or nodes with a
short-axis diameter of >1 cm

Randomized Phase Ill Trial ENI vs IF

Yuan , ASCO 2006, Abstract # 7044

ENI IF
Tumor = a&® Tumor =
50 Gy = @ 50 Gy = 4
60-64Gy= 68-74Gy=
2yrLF  1yr OS 2yr OS 3yr OS
ENI 49 59.7 25.6 19.2
IFRT 41 67.2 38.7 27.3
p=0.048
More radiation pneumonitis with ENI' ~ (29% vs.17%, P = 0.044).




IGRT for mobile target volumes

IGRT: Image-guided radiotherapy

[ IGRT for mobile targets ’

| 1
4D imaging [Treatment Planning & delivery] [ 4D verification J
I —
Intervention No intervention Interve_ne
(remember (adaptive

es/no, ? threshold : -
v ) time-trends) radiotherapy)

Multi-slice 4ADCT
Gated PET-CT scans
Fluoroscopy

Reproducibility of

intervention
or respiratory pattern

Guidelines for treatment planning and

radiotherapy delivery in lung cancer

« Potentially toxic treatments now ‘standard’ in lung cancer
* New tools and interventions may not translate to improved

outcomes (e.g. gating or IMRT without 4D planning tools)
« Acute toxicities with IMRT [Allan 2006; Halloway 2004)

 Critically formulate ‘guidelines’ : - ... strongly recommend that modern
radiation techniques such as IMRT or respiratory-gated RT should be used for mediastinal

tumor masses [Girinsky Radioth Oncol 2006].




Will lessons be learnt ?

Halloway 2004

* Phase I study of chemotherapy followed dose escalation using
IMRT. Start dose = 84 Gy in 35 fractions (2.4 Gy/fraction)

e PTV1=GTV plus a minimum margin of 15 mm. No ENI.

e PTV2 = by post-chemotherapy CT PET imaging.

e IMRT 8-15 static beams with no dose inhomogeneity correction
factor. Normal tissue constraints as in RTOG 9311

+ Closure after 5t patient due to 1 grade 5 pneumonitis

(deterioration 3 months after start radiotherapy & autopsy showed bilateral
diffuse idiopathic pulmonary fibrosis with recent diffuse alveolar damage. No

evidence of metastatic disease).
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