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BackgroundBackground

 Standard of care for locally advancedStandard of care for locally advanced
NSCLC is concurrent CT/XRTNSCLC is concurrent CT/XRT

 These patients are at risk of BMThese patients are at risk of BM
toxicity which can lead totoxicity which can lead to
 Interrupt or lower dose of CT or XRTInterrupt or lower dose of CT or XRT
 HospitalizationsHospitalizations
 Need for Growth Factors to avoidNeed for Growth Factors to avoid

treatment interruptiontreatment interruption
 Reduce  QOLReduce  QOL



Thorax - Thoracic Spine + Ribs + Clavicle + Sternum = 25% of BM
reserve

Part of these areas are included in the treatment volume, especially
for patients with locally advanced disease

Bone Marrow Distribution



HypothesisHypothesis

 Proton Beam Therapy (PBT)Proton Beam Therapy (PBT)
compared to photons showscompared to photons shows
lower exit dose and lowerlower exit dose and lower
integral doseintegral dose

 This may translate into lower BMThis may translate into lower BM
toxicity in patients treated withtoxicity in patients treated with
concurrent CT and PBTconcurrent CT and PBT



ObjectiveObjective

 To compare BM toxicity inTo compare BM toxicity in
patients with locally advancedpatients with locally advanced
NSCLC treated with concurrentNSCLC treated with concurrent
CT and either PBT vs. IMRTCT and either PBT vs. IMRT



METHODSMETHODS

 Retrospective StudyRetrospective Study
 From 2002 to 2007From 2002 to 2007
 106 patients identified106 patients identified
 PBT: 31 patientsPBT: 31 patients
 IMRT: 75 patientsIMRT: 75 patients
 All patients after 2004 had treatmentAll patients after 2004 had treatment

planning with 4D CTplanning with 4D CT



Methods: CriteriaMethods: Criteria

 Inclusion Criteria:Inclusion Criteria:
 Concurrent ChemotherapyConcurrent Chemotherapy
 No history of prior major thoracicNo history of prior major thoracic

RTRT
 Dose Dose >> 60 Gy (CGE for protons) 60 Gy (CGE for protons)

 Exclusion Criteria:Exclusion Criteria:
 IMRT + 3D-CRT or IMRT + PBTIMRT + 3D-CRT or IMRT + PBT



Methods: ToxicityMethods: Toxicity

 Common Terminology Criteria (CTC)Common Terminology Criteria (CTC)
version 3.0 was used to grade toxicityversion 3.0 was used to grade toxicity

 Acute toxicityAcute toxicity
 Time Frame: from start of XRT to 2 monthsTime Frame: from start of XRT to 2 months

months after completion of XRT treatmentmonths after completion of XRT treatment
 HemoglobinHemoglobin
 PlateletsPlatelets
 WBC/WBC/NeutrophilsNeutrophils/Lymphocytes/Lymphocytes
 FatigueFatigue



Methods: ToxicityMethods: Toxicity
 Common Terminology Criteria (CTC) versionCommon Terminology Criteria (CTC) version

3.0 was used to grade toxicity3.0 was used to grade toxicity



Methods: ToxicityMethods: Toxicity

 Common Terminology Criteria (CTC)Common Terminology Criteria (CTC)
version 3.0 was used to gradeversion 3.0 was used to grade
toxicitytoxicity

ADL: Activity of Daily Life



10101414YesYes

65651717NoNo

47472020MaleMale

0.0010.001Prior MalignancyPrior Malignancy

262666>= 5%>= 5%

49492525<5 %<5 %
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25251313Left LungLeft Lung

47471818Right LungRight Lung

3300MediastinumMediastinum

0.4130.413Tumor LocationTumor Location

5588RecurrenceRecurrence

9922IVIV

42421111IIIBIIIB

15151010IIIAIIIA

4411IIBIIB

0.0610.061Clinical StageClinical Stage

55551212Non-squamousNon-squamous

20201919SquamousSquamous

0.0010.001HistologyHistology

p-valuep-valueIMRT + ConcurrentIMRT + Concurrent
CT (N=75)CT (N=75)
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(N=31)(N=31)

TumorTumor
CharacteristicsCharacteristics

Most
patient

had stage
III disease

Tumor CharacteristicsTumor Characteristics



Chemotherapy RegimenChemotherapy Regimen

8844Carbo + Carbo + EtopEtop

4466CisCis + Taxol + Taxol

2200CisCis +  + EtopEtop

191922OtherOther

18 (25%)18 (25%)8 (26%)8 (26%)Adjuvant CTAdjuvant CT

42 (56%)42 (56%)19 (61%)19 (61%)Carbo + TaxolCarbo + Taxol

75753131Concurrent CTConcurrent CT

37 (49%)37 (49%)13 (42%)13 (42%)Induction CTInduction CT

IMRTIMRT
N = 75N = 75

PBTPBT
N = 31N = 31

Most common concurrent regiment was Carbo/Taxol



Mean  and Range Baseline HematologicMean  and Range Baseline Hematologic
Values for  PBT and IMRT PatientsValues for  PBT and IMRT Patients

0.320.329.09.0
(3.1-26.9)(3.1-26.9)

7.97.9
(3.1-12.7)(3.1-12.7)

White BloodWhite Blood
CountCount

0.110.111.71.7
(0.3-3.8)(0.3-3.8)

1.41.4
(0.5-2.9)(0.5-2.9)

AbsoluteAbsolute
LymphocytesLymphocytes

0.350.356.56.5
(2.2-121.4)(2.2-121.4)

5.75.7
(1.6-12.5)(1.6-12.5)

NeutrophilsNeutrophils

0.250.25384.8384.8
(247-703)(247-703)

290.7290.7
(66-640)(66-640)

PlateletsPlatelets

0.010.0112.512.5
(8.8-15.6)(8.8-15.6)

13.313.3
(10.0-16.0)(10.0-16.0)

HemoglobinHemoglobin

P-valueP-valueIMRTIMRTPBTPBT



ResultsResults

<.0001<.0001247.7 ml247.7 ml
(range, 21 - 818 ml)(range, 21 - 818 ml)

93.6 ml93.6 ml
(range, 13 (range, 13 –– 431 ml) 431 ml)

Median GTVMedian GTV
volumevolume

80808080Median KPSMedian KPS

63 Gy63 Gy
(range, 60 -76 Gy)(range, 60 -76 Gy)

74 CGE74 CGE
(range, 63 (range, 63 –– 74 CGE) 74 CGE)

<on protocol><on protocol>

Median DoseMedian Dose

9.8 mo9.8 mo
(range 1.4 (range 1.4 –– 32.3) 32.3)

9.5 mo9.5 mo
(range, 1.6 -16.1)(range, 1.6 -16.1)

Median f/upMedian f/up
RangeRange

p valuep valueIMRTIMRTPBTPBT



Hemoglobin ToxicityHemoglobin Toxicity
PBT versus IMRT PatientsPBT versus IMRT Patients
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Platelet ToxicityPlatelet Toxicity
PBT versus IMRT PatientsPBT versus IMRT Patients
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Neutrophil ToxicityNeutrophil Toxicity
PBT versus IMRT PatientsPBT versus IMRT Patients
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WBC ToxicityWBC Toxicity
PBT versus IMRT PatientsPBT versus IMRT Patients
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Fatigue ToxicityFatigue Toxicity
PBT versus IMRT PatientsPBT versus IMRT Patients
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LimitationsLimitations

 Retrospective StudyRetrospective Study
 Data on blood transfusions, growthData on blood transfusions, growth

factors, treatment break for chemo, orfactors, treatment break for chemo, or
dose reduction in chemo not available fordose reduction in chemo not available for
all patientsall patients
 Data is being collectedData is being collected



ConclusionsConclusions
 In patients with locally advanced NSCLC treatedIn patients with locally advanced NSCLC treated

with PBT or IMRT with concurrent CT, ourwith PBT or IMRT with concurrent CT, our
preliminary evaluation shows that:preliminary evaluation shows that:
 PBT significantly reduced any Hgb. toxicityPBT significantly reduced any Hgb. toxicity

compared to IMRT.compared to IMRT.
 PBT significantly  reduced frequency of fatiguePBT significantly  reduced frequency of fatigue

compared to IMRT.compared to IMRT.
 PBT significantly reduced any and grade PBT significantly reduced any and grade >>22

WBC toxicity compared to IMRT.WBC toxicity compared to IMRT.
 PBT and IMRT showed no difference in gradePBT and IMRT showed no difference in grade

>>2 platelet toxicity.2 platelet toxicity.
 Breakdown by tumor size showed that PTBBreakdown by tumor size showed that PTB

significantly reduced gradesignificantly reduced grade>>2 2 PltPlt. & Lymph.. & Lymph.
toxicities compared to IMRT.toxicities compared to IMRT.



FutureFuture

 Prospective Randomized StudyProspective Randomized Study
  3DCRT vs. IMRT vs. PTB  3DCRT vs. IMRT vs. PTB
   has been   activated and accruing   has been   activated and accruing

patients with stage III NSCLCpatients with stage III NSCLC
 All patients get concurrentAll patients get concurrent

chemotherapy for this studychemotherapy for this study
 Target :168 patientsTarget :168 patients
 Endpoint : Comparison of NTCPEndpoint : Comparison of NTCP
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