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• Part I: The Basics
• Epidemiology, Screening, and Staging

• Part II: Non-Small Cell Lung Cancer
• Stage I

• Stage II/III – Resectable and Unresectable

• Stage IV

• Oligometastases

• Part III: Small Cell Lung Cancer

Lung Cancer: A Public Health Problem

Alberg, CHEST 2013;143(5)(Suppl):e1S–e29S

Lung cancer is the leading
cause of cancer death in
the world.
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A Public Health Problem

A Public Health Problem

Risk Factors

• Active Cigarette Smoking
• Other causal agents: Secondhand smoke, ionizing

radiation (including radon), occupational exposures
(arsenic, chromium, nickel, asbestos), indoor and
outdoor pollution

• Additional risk indicators: Age, male sex, family
history, acquired lung disease (e.g. IPF)

Alberg, CHEST 2013;
143(5)(Suppl):e1S–e29S 
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Screening

• At least 6 large RCTs evaluated lung cancer
screening with CXR, and none showed a mortality
benefit to screening

• Refinements in low-dose CT technology led to the
NLST
• Average dose 2 mSv.

• Eligible patients:
• 55-74 years
• 30 pack years of smoking; if quit, then within 15 years
• 53,454 randomized to 3 annual LDCTs vs. 3 annual CXRs

NEJM Aug 2011:365(5)

Screening

NEJM Aug 2011:365(5)

Screening

• 20% relative reduction in lung cancer mortality
• 6.7% relative reduction in all-cause mortality
• Subsequent NEJM publication: ICER= $81,000 per QALY

NEJM Aug 2011: 365(5)
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Staging Investigations

• History, Physical, Appropriate Labs, PFTs
• CXR, CE-CT chest/upper abdomen
• Whole body PET/CT

• 2 RCTS show that use of PET (or PET/CT) avoids
unnecessary surgery in ~10-20%

• MRI head for stage III/IV

Getting Tissue from the Thorax

• Sputum cytology

• Bronchoscopy
• Endobronchial ultrasound

• Esophageal ultrasound

• Transthoracic biopsy

• Mediastinoscopy

• Electromagnetic navigation

• VATS

• Notes:

• When nodes are positive on imaging, nodal biopsy is preferred
first attempt at tissue as it provides diagnosis and stage

• Histopathology preferred over cytology

Addressing the Mediastinum
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Needle or Surgical Approach?

Surgical Approaches
Cervical: 1, 2, 3, 4, 7, +/- 10
Anterior: predominantly 5, 6

Needle vs. Surgical

Annemaet al , JAMA 2010

• 241 patients with resectable NSCLC in whom mediastinal
staging was indicated

• Randomized to surgical staging vs. combined EUS-FNA and
EBUS-TBNA followed by surgical staging if negative

Needle vs. Surgical

Annemaet al , JAMA 2010

• 47% in EUS/EBUS
arm avoided
surgical staging
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Staging System

www.utdol.com

Staging System

Detterbeck,Chest2010

Management: Stage I NSCLC
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Types of Surgical Resections

segmentectomy
www.cts.esc.edu

pneumonectomy

lobectomy

sleeve lobectomy wedge resection

1. Ginsberg RJ, Rubinstein LV. Randomized trial of lobectomy versus limited resection for T1 N0 non-

small cell lung cancer. Lung Cancer Study Group. Ann Thorac Surg 1995;60(3):615–623

2. Christopher Cao et al.Meta-analysis of intentional sublobar resections versus lobectomy for  early 

stage non-small cell lung cancer : CORE group STUDY, Ann cardiothoracic surgery, 2014

3. Amgad El-Sherif,Outcomes of Sublobar Resection Versus Lobectomy for Stage I Non–Small Cell Lung 

Cancer: A 13-Year

Analysis, Ann Thorac Surg 2006; 82:408 –16

4.Okada M et al. Radical sublobar resection for small-sized NSCLC: a multicenter study. J Thorac 

Cardiovasc Surg 2006;132:769-75

5. Watanabe A et al. Feasibility of VATS segmentectomy for selected peripheral lung carcinomas. Eur J 

Cardiothorac Surg 2009;35:775-80

� Lobectomy is the standard surgery for operable NSCLC.

� Various randomized /non randomized studies has shown survival 

advantage over limited resection (1)

� however several recent studies and metanalysis  have compared 

sub lobar resection with lobectomy  in appropriately selected 

early-stage NSCLC with mixed results (2-5)

Types of Surgical Resections

Stage I: Surgery Preferred

Annals of ThoracicSurgery 1995

• 247 patients with T1N0 NSCLC
analyzed
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Modern Sublobar Resection Outcomes

JCO 2014

LR was defined as recurrence within the
primary tumor lobe at the staple line (local
progression),
recurrence within the primary tumor lobe
away from the staple line (involved lobe
failure), or recurrence within hilar lymph
nodes.

Conclusion: sublobectomy (including wedge resection and 

segmentectomy) causes lower OS in stage IA (T1a) NSCLC patients. 

Hence lobectomy is the best optimal choice
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VATS vs open thoracic surgery meta analysis
• 21 studies; 2641 patients
• Two randomized trials 
• 1391 VATS resections
• 1250 open resections

All cause mortality

Improved 5-year mortality rate of VATS (P = .04).

CONCLUSION:
Both randomized and nonrandomized trials suggest that VATS 
lobectomy is an appropriate procedure for selected patients with 
early-stage NSCLC when compared with open surgery
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Conclusion

• There was no statistically significant difference in 
overall survival, local recurrence, and distant 
metastasis between MLND and MLNS in early stage 
NSCLC patients. 

• Furthermore, no evidence was found that MLND 
increased complications compared with MLNS. 

• However, due to significant staging heterogeneity 
between RCTs, whether or not MLND is superior to 
MLNS remains to be determined.

Non-Surgical Patients: Older XRT

Qiao et al, Lung Cancer 2003

SBRT
Stereotactic Body
Radiation Therapy

Stereotactic Radiation

SABR
Stereotactic

Ablative Radiation
Therapy
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Accounting for Motion

•4D Planning

Many Beam Directions

•7-11 Beams / Arc Therapy

Small tumour volumes
• Small margins

Steep dose gradients

• Inhomogeneous target dose

AccurateTargeting

• CBCT pre-RT

High dose per fraction

• Short total treatment duration

Features of Lung SABR

60 Gy in a Different Way

60 Gy (80%) 60 Gy (60%)

PTV
X
60
Gy

Older RT

PTV
X
75
Gy

PTV
X

100
Gy

SABR

57 Gy

Senan, Palma, Lagerwaard, J Thorac Dis 2011

RTOG 0236
JAMA 2010

• Multicenter phase II trial

• Equivalent of 54 Gy in 3 fractions

• Primary tumor control 98%

• Lobar control 91%

• 2014 ASTRO update -- 5-year outcomes: primary tumor
recurrence 7%, involved lobar recurrence 20%, regional
recurrence 38% and distant recurrence 31%.
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SABR Outcomes: VUMC Amsterdam

Senthi et al Lancet Oncology 2012

5 yr LC 89.5% 5 yr RC 87.3% 5 yr DC 80.1%

Dose*: How much and where?

48/4
60/8

Central Tumors

Timmerman et al JCO 2006
Haasbeek et al JTO 2011

60/8

60/3

•Meta-analysis (Senthi 2012):
• BED10 ≥ 100 to maximize local control
• BED3 ≤ 240 to keep risk of fatal toxicity to 1%.
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Still need to be cautious

Corradeeti, Haas, Rengan NEJM 2012

Still need to be cautious

• Awaiting RTOG 0813

• Be aware of ‘central’ vs. ‘ultra-central’ locations
(ASTRO 2014)

Overall, the SABR Evidence Looks Exciting!

We have
excellent
outcomes!

Let’s
SABR!
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The Naysayers

Is SABR really better
than older

techniques?

How good is your
evidence?

Is SABR better than older techniques?

Timmerman J Clin Oncol 32:2847-2854

� Using the Amsterdam Cancer Registry, elderly
patients divided into 3 time periods after the
routine introduction of FDG-PET:

• Period A (1999-2001): pre-SABR

• Period B (2002-2004): some SABR availability

• Period C (2005-2007): SABR fully available

Palma et al JCO 2010

t al JC

SABR Implementation: Population Data
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p<0.01

SABR implementation

Palma et al JCO 2010

Palma et al JCO 2010

SABR implementation

SABR vs. older techniques

• At least two other population-based studies with
similar results

• Haasbeek, Netherlands, Annals of Oncology 2011
• Shirvani, SEER-Medicare, IJROBP 2012

• At least 3 RCTs launched comparing SABR with
standard or less-hypofractionated regimens
• SPACE (Sweden) - completed
• CHISEL (Australia)
• LUSTRE (Canada)
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RCT #1: SPACE

Comparison
66 Gy in 3 fractions (0.5 – 1 cm margin)
vs. 70 Gy in 35 fractions (2 cm margin)

Major Inclusion Criteria
•  T1-2 N0 M0
•Medically Inoperable or Refusing Surgery
•WHO 0-2
•Biopsy proven or growing on CT with positive PET

Nyman et al, ESTRO 2014, OC-0565

SPACE

Nyman et al, ESTRO 2014, OC-0565

Variable SABR N=49 Conventional
N=53

Median Age 72.7 75.3

Male 45% 36%

COPD 71% 64%

T2 47% 25%

SCC 18% 28%

Adenocarcinoma 45% 36%

SPACE

• No differences in local control or survival outcomes

Nyman et al, ESTRO 2014, OC-0565

• SABR appears to improve the therapeutic ratio compared to
older techniques

Variable SABR
N=49

Conventional
N=53

Pneumonitis (any) 16% 34%

Esophagitis (any) 9% 32%

Any toxicity G3-5 18% 16%
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Stage I Inoperable: Summary

• SABR has been widely adopted as standard
treatment for inoperable patients
• Non-randomized comparisons suggest better local

control, better survival than with conventional
treatments

• Convenience of SABR probably improves access to
care

• Preliminary randomized data (SPACE) suggests that
long-course treatments can also achieve good local
control

• More randomized data is coming

Operable Patients

Onishi et al IJROBP 2011

SEER-Medicare: SABR vs. other techniques 

t al JC

• 10,923 patients aged 66+ with stage I NSCLC, 2001-
2007
• Five treatment strategies: lobectomy (59%), sublobar

(12%), conventional radiation (15%), observation (13%),
SABR (1%).
• Propensity matched

• Individual-level PET and co-morbidity data
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What is a Propensity Score?

• A number assigned to an individual patient that takes
into account numerous baseline confounders

• ‘Fitness Score’: 0 is poor, 100 is very good
• Two patients may have same score but very different

baseline characteristics

• Logistic model where the dependent variable is
treatment allocation

ln[PS/(1-PS)] = β0 + β1(ECOG) + β2(T-stage) + β3(FEV1) +…

t al JC

SEER-Medicare: SABR vs. other techniques 

SABR vs. VATS lobectomy

Annals of Oncology Mar 2013
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SABR vs. Wedge Resection

� 124 patients with stage I NSCLC not fit for anatomic lobectomy

� 69 wedge, 55 SABR
� SABR patients significantly older, higher Charlson scores

� SABR patients had better local control

� No differences in other types of recurrence
or DSS

� SABR worse OS due to non-cancer deaths

“[SABR] may be
equivalent, if not superior to,
wedge resection for
recurrence and CSS.”

SABR vs. Wedge Resection

� Systematic Review of the Literature

• Only 4 papers reported with subgroups of patients with severe/very
severe COPD or ppo-FEV1<40%

• All reported local control of ≥89%

• 30 day mortality: all SABR studies = 0%, surgical average = 10%
Overall Survival (VUMC) [n=176] Overall Survival (Review)

Severe
(FEV1 30-50%)

Very severe
(FEV1<30%)

Log-rank p=0.01

Palma et al IJROBP 2011

High Risk Patients: Severe COPD
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In Search of Level 1 Evidence…In Search of Level 1 Evidence…In Search of Level 1 Evidence…In Search of Level 1 Evidence…

Randomized Trials
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Summary: Stage I treatment

• Surgery remains standard of care, but non-
randomized data suggests that SABR can achieve
comparable outcomes

• Some randomized data expected in 2015. Trials
being launched through VA system and in China

• SABR beats 3D-CRT on convenience and toxicity,
but early RCT data suggests that good local control
can also be achieved with very prolonged
fractionation schedules

Management: Stage III NSCLC

Unresectable: RT alone

• Perez et al RTOG RCT (IJROBP 1986) established
60 Gy in 30 fractions based on highest rates of local
control (no survival differences vs. 40 or 50 Gy).

• Altered fractionation provides a 2.5% benefit in 5-
year survival (meta-analysis JCO 2012) at the
expense of increased esophagitis
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Chemo + RT vs. RT alone

JNCI 1995 and 1996
Chest 2000

Chemo + RT RT (OD

and HFX arms)

Chemo: Concurrent vs. Sequential

Auperin, JCO 2012

Meta-analysis of 8 trials (778 patients) using cisplatin-
based chemotherapy[1]

–Absolute improvement in survival of 10% at 

1 yr[1]

–Median survival, BSC vs chemo: 4 vs 8+ mos, 

respectively
• Median survival now 12+ mos in more recent trials

–VEGF-targeted therapy plus platinum 

doublet[2]

• Quality-of-life benefit from chemotherapy[3]

NSCLC| Chemotherapy: Meta-analysis

1. NSCLC Collaborative Group, et al. BMJ. 1995;311:899-909. 

2. Herbst R, et al. Clin Lung Cancer. 2009;10:20-27 

3. Klastersky J, et al. Lung Cancer. 2001;34(suppl 4):S95-S101.

4. Chambers et al. BMC Cancer. 2012; 12: 184
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Optimal Chemotherapy Unknown

• Most common options in U.S. are
carboplatin/paclitaxel and cisplatin/etoposide

• No phase III data to compare these
• Pneumonitis rates appear higher with carbo/paclitaxel
• Phase II survival data favors cisplatin/etoposide

• Cis-Vinca alkaloid also reasonable

Meta-analysis: 65 trials (N = 13,601) between 1980-2001
–Compared efficacy of

•Doublet vs single-agent regimens

•Triplet vs doublet regimens

Delbaldo C, et al. JAMA. 2004;292:470-484.

Survival Outcome Doublet vs Single-Agent 
Regimens

Triplet vs Doublet
Regimens

1-yr OS

Doublet > single-agent
� OR: 0.80; 95% CI: 0.70-0.91;
P < .001
� 5% absolute benefit

Triplet = doublet
� OR: 1.01; 95% CI: 0.85-1.21;
P = .88

Median OS

Doublet > single-agent
� MR: 0.83; 95% CI: 0.79-0.89;
P < .001

Triplet = doublet
� MR: 1.00; 95% CI: 0.94-1.06;
P = .97

NSCLC| Initial Systemic Therapy: Doublets

STRIPE Pneumonitis Meta-analysis

IJROBP 2011
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Cis/Etoposide or Carbo/Paclitaxel?

Lung Cancer 2012

Cis/Etoposide or Carbo/Paclitaxel?

NSCLC| Bevacizumab

E4599
• Advanced NSCLC (stage IIIB or IV)- non- squamous 

–Randomised to paclitaxel/ carboplatin or paclitaxel/carboplatin + bevacizumab

–Excluded brain mets and haemoptysis

Sandler A, et al. N Engl J Med. 2006;355:2542-2550.

AVAiL

• Advanced NSCLC (stage IIIB or IV)- non- squamous 

– Randomised to cisplatin/gemcitabine + placebo/low dose bevacizumab/ high 

dose bevacizumab

– Excluded brain mets and haemoptysis

– Confirmed outcome with less spectacular results

Reck M, et al. J Clin Oncol. 2009;27:1227-1234..
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Optimal RT Dose –––– RTOG 0617

Optimal Dose –––– RTOG 0617

� Factors predictive of OS: Radiation dose
(60 Gy), maximum esophagitis grade, PTV
size, heart V5 and V30

Unresectable Stage III - Summary

• Concurrent chemoradiotherapy is preferred
• Optimal chemotherapy is an open question

• Randomized evidence best supports a total dose of
60 Gy in 2 Gy daily fractions with chemotherapy

• Sequential chemoradiation, and radiation alone are
options in less-fit patients
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Resectable Stage III NSCLC

• Options for curative-intent treatment:

Surgery Chemo±RT

Chemo Surgery ± RT

ChemoRT Surgery

Concurrent ChemoRT

Others: sequential chemoRT
RT alone

Sobering quote:
“W h i le t h e r e a r e m a n y
potential treatment options,
none yields a high probability of
cure.”
– Schild et al, utdol.com

Option 1: Surgery first

• In carefully selected patients with limited stage IIIA
disease that can be completely resected, initial
surgery is often the treatment of choice
• Examples include T3N1 disease, or T4 disease due to

multiple tumor nodules in one lung.

• Superior sulcus (Pancoast) tumors are a special case
• SWOG 9416 evaluated neoadjuvant chemoRT for T3-T4

N0/1 superior sulcus tumors (45 Gy with concurrent cis/eto
then resection)

• 2-year survival 55%

Surgery first? Then what…?Surgery first? Then what…?Surgery first? Then what…?Surgery first? Then what…?

JCO 2008
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INDICATIONS – Post OP Radiotherapy

• Completely resected R0
• Stage I & II –no role.
• Stage IIIA- may benefit

• Other indications
• Stage I & II – close/positive margins.
• Stage IIIA
• Close margin (<5mm),
• Positive margin, 
• N2 disease,
• Nodal ECE

Post-Operative Radiotherapy: PORT

Lancet1998

PORT =
Pretty Old

Radiotherapy

Lancet1998

Post-Operative Radiotherapy: PORT
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PORT meta-analysis Trialist Group

• 2128 patients. 
• 9 randomised trials of S +PORT vs Surgery
• 21% relative increase in the risk of death with RT
• 2 yr reduced OS from 55% to 48% 
• Adverse effect was greatest for Stage I,II
• Stage.III (N2): no clear evidence of an adverse effect
• CRITICISM:

• 25% pts were pN0 
• no quality control in the radiotherapy

Role Of PORT Called Into Question

Postoperative radiotherapy in non-small-cell lung cancer: systematic review and meta-
analysis of individual patient data from nine randomised controlled trials. PORT Meta-
analysis Trialists Group.Lancet 1998;352(9124):257–263.

• Several subsequent observational studies suggest
some value for PORT

• Data sources:
• ANITA trial (post hoc analysis – IJROBP 2008)
• SEER (JCO 2006)
• National Cancer Database (JTO 2014)

• PORT in N2 disease is the current topic of the Phase
III European LUNG-ART randomized trial (EORTC
22055) – dose is 54 Gy in 30 fractions

Lancet1998

Post-Operative Radiotherapy: PORT

Where to treat? LUNG-ART guideline

Spoelstra, IJROBP
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Resectable Stage III NSCLC

• Options for curative-intent treatment:

Surgery Chemo±RT

Chemo Surgery ± RT

ChemoRT Surgery

Concurrent ChemoRT

Option 2: Chemo before surgery

JNCI 2007

• Pre-operative chemotherapy improves survival
compared to surgery alone (Meta-analysis, Lancet
2014).

• But, compared to post-operative chemotherapy,
outcomes are similar (NATCH RCT).

• Induction chemotherapy may be considered in
patients planned for surgery who have low
volume/microscopic mediastinal disease

Option 2: Chemo before surgery

JNCI 2007

• If choosing induction therapy before surgery, no clear
benefit to chemoradiation vs. chemo.
• SAKK16/00 Phase III RCT: ASCO 2013

• Randomized to cis-doc vs. cis-doc-RT (44Gy) before surgery
• No benefits in RT group

• 2 older RCTs showed similar results
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Option 2: Chemo before surgery

JNCI 2007

RT

60-62.5 Gy

Option 2: Chemo before surgery

“In view of its low morbidity and mortality, radiotherapy should 
be
considered the preferred locoregional treatment.”

JNCI 2007

RT

PFS OS

Resectable Stage III NSCLC

• Options for curative-intent treatment:

Surgery Chemo±RT

Chemo Surgery ± RT

ChemoRT Surgery

Not better than option 1

Not better than chemo followed by RT

Concurrent ChemoRT
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Resectable Stage III NSCLC

• Options for curative-intent treatment:

Surgery Chemo±RT

Chemo Surgery ± RT

ChemoRT Surgery

Concurrent ChemoRT

Option 3: ChemoRT first –––– or alone

Lancet2009

Albain Trial

Lancet2009

PFS OS

• Pneumonectomy operative mortality rate: 26% (15/54)
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Albain Trial –––– Exploratory Analysis

Lancet2009

Lobectomy vs. Matches Pneumonectomy vs. Matches

Resectable Stage III NSCLC

• Options for curative-intent treatment:

Surgery Chemo±RT

Chemo Surgery ± RT

ChemoRT Surgery

Concurrent ChemoRT
Not better than concurrent chemoRT overall.
May be considered when only lobectomy needed

Resectable Stage III NSCLC

• Options for curative-intent treatment:

Surgery Chemo±RT

Chemo Surgery ± RT

ChemoRT Surgery

Concurrent ChemoRT

Conclusion: No strong evidence as to which approach is best.
Treatment decisions must be individualized



7. Meta-analysis in Lung Cancer Dr. V. 

Srinivasan

29th ICRO, GKNM, Coimbatore

Resectable Stage III - Summary

• Based on randomized data, outcomes appear to be
similar whether the definitive local treatment is
surgical or radiotherapy based

• Primary surgical patients: adjuvant chemotherapy is
standard, PORT is indicated if margin positive and
debatable for N2.
• The benefit of neoadjuvant treatment in resectable cases is

unclear (compared to just post-operative chemotherapy)

• Primary chemoradiotherapy: benefit of adding
surgery afterward, or instead of RT, is unclear

Other NSCLC Resources: Stage III

JCO 2010

Other NSCLC Resources: Planning
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Oligometastatic NSCLC

A Hot Topic Recently

A Hot Topic Recently
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Back to the Case…Back to the Case…Back to the Case…Back to the Case…

NSCLC Phase II Data

Prognosis: Oligometastatic NSCLC

Ashworth, Clin Lung Ca 2014
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MDACC/Colorado Trial

Slide courtesy Dr. D Gomez MDACC

The COMET Trial

Palma et al, BMC Cancer 2012, 12:305

Principal Investigators
D. Palma, S. Senan

Target Sample Size
99

Small Cell Lung Cancer
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THANK YOUTHANK YOUTHANK YOUTHANK YOU


