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RTOG PROTOCOL FOR NEUTRON THERAPY OF LOCALIZED, 
NON-RESECTABLE, NON-OAT CELL LUNG CANCER 

1. Primary s ize:  

2. Histology: 

Adeno or adenosquamous 

Squamous o r  undi f f e r -  
e n t i  ated 

3. Post-radiotherapy chemotherapy: 

P1 anned 

Non-pl anned 

., . 
Neutrons 

1200 rads i n  
6 f r a c t i o n s  over 
3 weeks. 
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1.0 INTRODUCTION 
1.0 Preamble 

Carcinoma of the lung is  one of the most common and least 
effectively treated human solid tumors. Li t t le  i n  the way of 
effective therapy has  been developed over the past 20 years. 
Surgical resection and local h i g h  dose r a d i a t i o n  therapy 
continue t o  have disappointing overall cure rates. Failure t o  
control small primary tumors appears t o  be due t o  subclinical 
metastat ic  disease which becomes evident l a t e r .  Large 
unresectable primary tumors are diff icul t  t o  eradicate despite 
h i g h  doses o f  conventional i r r a d i a t i o n .  Various combinations 
of radiation and chemotherapy have also been described b u t  
usually w i t h  d i s a p p o i n t i n g  results. 

One major reason for failure t o  control l u n g  cancer by 
available modalities is the presence o f  unsuspected metassases 
a t  the time of diagnosis. Patients w i t h  non-oat cell tumors 
a l s o  show a h i g h  incidence o f  pers i s ten t  local disease 
(approximately 50% i n  R T O G  s tud ies  invest igat ing various 
r a d i a t i o n  doses) . Consequently, any treatment p l a n  designed 
t o  improve survival i n  carcinoma of the l u n g  must take i n t o  
account the necessity o f  achieving both effective methods o? 
1 oca1 control and a1 so  o f  cl i nical ly occult microscopi c '- 
disease. 

Experience over the past  two and h a l f  years i n  more than 50 
patients i n  the use of combination of radiation therapy a t  the 
doses specif ied i n  t h i s  s tudy  a n d  chemotherapy i n  t h e -  
treatment of l u n g  cancer a t  Michael Reese Hospital indicates 
t h a t  survival may be prolonged when compared t o  historical 
controls treated w i t h  r a d i a t i o n  therapy alone. An analysis of 
fa i lur-as--b- thfs  w o u p ,  which had  received conventional 
r a d i a t i o n  to _the primary tumor followed by radical systemic 
chemotherapy, showed tha t  metastases appear t o  be well 
controlled i n  a l l  cases where a good response had been 

The major cause of failure, 
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therefore, was persistence or early recurrence of the primary 
tumor rather t h a n  metastases. For this reason i t  was f e l t  
t h a t  any procedure leading t o  better local control should 
substanti  a1 l y  improve the results of the combined therapy. 
Neutron i r r a d i a t i o n  of , the primary tumor and regional nodes i n  
continuity could achieve this end. The object of the study i s  
t o  determine whether neutron i r r a d i a t i o n  will result i n  a 
greater p robab i l  i t y  of 1 oca1 control of the primary tumor, and 
thereby improve overall results w i t h  respect t o  survival and 
i f  these patients can subsequently be treated w i t h  systemic 
chemotherapy w i t h o u t  unexpected toxic i ty .  
General O u t 1  i ne 
This protocol is. confined t o  non-resectable carcinomas of the 
lung and bronchi. The prospects of 5-year survival by 
conventional methods range from 5% t o  25% depending on stage. 
Because of  the relative radioresistance of these tumors and 
the serious or  even lethal consequence o f  r a d i a t i o n  injury t o  
the su r round ing  normal l u n g ,  the prospect o f  p a l l i a t i o n ,  
long-term c o n t r o l  , o r  possible cure j u s t i f i e s  a d o p t i n g  
cbmbinations of r a d i a t i o n  and chemotherapy for clinical t r ia l .  
The poss ib i l i t y  t h a t  an  adequate tumor  response w i t h  
preservation of normal t issue function m i g h t  be obtained w i t h  
combinations o f  chemotherapy a n d  i r r a d i a t i o n  using- 
conventional low-LET photon beam therapy i s  being explored i n  
several inst i tut ions i n  the Chicago area. Ini t ia l  results 
have been promising and the possibility o f  improving the 
therapeut ic  r a t i o  by use o f  h i g h - E L T  neutron beams f o r  
steri l ization o f  radioresistant components i n  the tumor cell- 
population, seems t o  be worthwhile. 

OBJECTIVES - 
The objectives of the study are t o  'study the relative merits of 
high-LET (neutron) schedules by evaluation of:  
2.1 The degree of palliative relief attained; 
2.2 The degree and rate of regression i n  tumor volume; 
2.3 The d u r a t i o n  o f  symptomatic and objective remission; 

" 3 



2.4 The time of onset and rate of regrowth of recurrent tumor i f  
any; 

2.5 The time of onset, evolution and severity o f  radiation i n j u r y  
i n  surrounding normal l u n g ;  

2.6 The tumor-free and t o t a l  survival rates; 
2.7 Determination of dose-time parameters and i soeffect functions 

for irradiated human l u n g ;  
' 2.8 Determination of dose-time parameters and isoeffect functions 

for local control of epidermoid, adeno, adenosquamous, and 
anaplastic carcinomas i n  the lung .  

2.9 The t o x i c i t y  associated w i t h  subsequent treatment w i t h  
systemic chemotherapy. 

3.0 SELECTION OF PATIENTS 
3.1 E l i g i b i l i t y  Criteria 

3.1.1 Only patients who have a biopsy proven malignan't 

t 

tumor of the l u n g  o r  bronchi are acceptable. 

adenocarcinomas, adenosquamous carcinomas and 
anapl  asti c carci nomas are acceptabl e for i ncl usi on 
i n  this protocol. 
There must be no previous specific radiotherapeutii 
or chemotherapeutic treatment f o r  the current 

There must be no evidence o f  cerebral, hepatic or 
osseous metastases (exclusion by scans) or other 
d i s t a n t  metastases; however, patients w i t h  
metastatic disease 1 imi ted t o  supraclavicular nodes- 
are eligible. 

neopl asti c d i  sease. 
Patients must be ambulatory and capable of 
outpatient visits t o  the neutron therapy faci l i ty  
(Karnofsky status > 50). 

3.1.2 Squamous cell or  epi dermoid carci nomas , 

3.1.3 
- 

neoplasm. - - 7 . -  ---- - - -  - - - 

3.1.4 

3.1.5 The contralateral l u n g  must be entirely free of 

3.1.6 
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3.2 Ineligibil i ty Criteria 
3.2.1 Any patient w i t h  evidence of severe incapacitating 

1 ung disease (chronic bronchitis, emphysema, 07 d 
unresolved or fibrotic pulmonary inflammatory 
lesions) or severe incapacitating cardiac 
insufficiency must be excluded from th is  study since 
these patients are unlikely t o  tolerate significant 
d iminu t ion  o f  1 ung function following i r rad ia t ion .  
Any patient logistically unable t o  be treated as an 
outpatient a t  the neutron facil i ty.  

Patients w i t h  distant metastases, except 
supracl avicul a r  nodes. 
Age 2 80 years. 

3.2.2 

3.2.3 Patients w i t h  small (oa t )  cell carcinoma. 
3.2.4 

- _  
3.2.5 

4.0 STAGING AND WORK-UP 
4.1 Required Studies 1 .  

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.1.5 

0 0 1  5880 

Chest X-rays. The lesion must be visualized on 
antero-posterior and lateral chest films so t h a t  i t s  
extent can be defined f o r  the purpose o f  determining 
field-sizes and estimating tumor-vol umes. 
Transverse axi  a1 tomograms or conventional 
tomography defining the depth and extent of the 
1 esi on are acceptable. 
Pathology. An unequivocal positive biopsy must be 
obtained, or  if  this i s  not possible, a cytological 
diagnosis  based on - r  a - Class -, V * cytology report could 
be accepted. 
Regional nodes. Should be evaluated by d 

mediastinoscopy o r  CT scan. 
Thoracotomy w i t h  inspection, evaluation o f  
operabil i ty ,  and (if inoperabl e) biopsy, is required 
i f  other means do n o t  f u r n i s h  an  unequivocal 
diagnosis;  
Isotopic scans. A bone scan and CT scan should be 
done t o  exc'lude metastases. If the CT scan i s  not  
available, then a radionuclide scan may be used. 
l iver  function tes ts  'are abnormal, a l iver  scan 
should be done. 

. 
-_- - _ _  - 
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4.2 Optional  S tudies  
4,Z.I A 1 ung scan. 
4.2.2 Pulmonary func t ion  tests. 
4.2.3 Dynamic nuc lear  s tudy of  pulmonary func t ion .  

5 .O REGISTRATION 
When the requ i r ed  work-up has been completed and the p a t i e n t  has 
been found t o  be eligible,  the p a t i e n t  may be placed on s tudy by 
phoning RTOG Headquarters (215) 574-3191 between 9:00 a.m. and 5:OO 
p.m., ET, and g iv ing  the fol lowing information:  

Protocol  name 
I n s t i t u t i o n  r e f e r r i n g  p a t i e n t  
Neutron f a c i l i t y  
P hy s i c i an  
Pat i ent ' s name 

*. . Si ze of primary 
Histology . 
Post-radiotherapy chemotherapy: P1 anned vs. non-pl anned. 

A p r o j e c t  c a s e  number will be assigned which will be confinned by 
mail . 

6.0 RADIATION THERAPY 
6.1 Radia t ion  therapy  will be i n i t i a t e d  w i t h i n  2 weeks of  

d i agnos i s .  - 
6,2 P a t i e n t s  will be t r e a t e d  by means of an a n t e r i o r  and p o s t e r i o r  

ob l ique  f ie ld  t o  include the primary l e s i o n  w i t h  a 2 cm margin 
and the entire mediastinum. The weighting will be 3:l f o r  the 
a n t e r i o r  and p o s t e r i o r  ob1 ique  f ields r e s p e c t i v e l y .  

6.3 The spina l  cord will be excluded from the p o s t e r i o r  ob l ique  
f ie ld  so t h a t  the t o t a l  dose t o  the cord will not exceed 75% 
of the prescribed tumor dose. 

6.4 An add i t iona l  a n t e r i o r  f ie ld  t o  the s u p r a c l a v i c u l a r  nodes will 
be t r e a t e d  t o  the same dose c a l c u l a t e d  a t  a d e p t h  of 4 cm. A 
mid-line shield should be used t o  p r o t e c t  the sp ina l  cord and 

- 

a 

1 arynx. 
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6.5 More extensive tumors will be treated w i t h  wide fields 
encompassing the whole affected area or entire hemithorax if  
necessary. Minimal shielding of obviously normal lung will be 
included and the posterior oblique field will be angled so as 
t o  avoid the spinal cord. 

6.6.1 
6.6 Dosage 

Neutron beam therapy (dosimetry should not correct 
f o r  t issue inhomogeneity): midplane dose of 1200 
rad (Fermilab) i n  6 fractions over 3 weeks. 

7.0 CHEMOTHERAPY 
7.1 While the decision regarding the choice of a specific 

chemotherapy regimen will be l e f t  t o  each participating - ~ 

insti tution, the CAMP regimen i s  recommended. Details of all 
chemotherapy must be submitted on RTOG medical oncology flow 
sheets . . 

8.0 STUDY PARAMETERS 
8.1 Studies 

Pre During A t  Every 
Treatment Radiotherapy Follow-up 6 Months History & Physical X X 

X X X CBC (Incl uding pl ate1 ets  

SMA-12 X 

Chest x-ray X 

Brain Scan X 

Liver Scan X 

Bone Scan X 

_ _  & differential)a - 
- - --: .__ 

X X 
I _ -  

\ 

- - -  - 
X 

X 

: a. A minimum of every cycle i f  receiving chemotherapy 
8.2 Late normal t issue reactions should be recorded a t  the time of 

each follow-up according t o  the scale i n  Appendix IV. 
8.3 Schedule 

Follow-up information will be submitted every two months the 
f i r s t  year, and every four months thereafter. 



9.0 STATISTICAL CONSIDERATIONS 
The major objective of this Phase 1/11 study i s  t o  detect an 
unacceptable complication rate from neutron therapy alone or when 
subsequent chemotherapy is  added. The following table shows the 

Sample Size 
25 
20 
25 
30 

probability of detecting a S.% o r  10% complication rate. 
Probabil i ty  of Observing a Complication 

Complication Rate 
5% . 54 

-64  
.72 
. 79 

- 10% . 79 
- 

aa 
. 93 
96 

In a d d i t i o n  on the basis o i  the resu t s  of RTOG Study 73-0 with 
pa t ien ts  with comparable disease b u t  sl ightly poorer performance 
status than  patients i n  this study, one m i g h t  expect a historical 
one year control rate o f  45%. 
90% probability of detecting an improvement of response t o  65%. 

W i t h  22 patients, there would be ,a 

Therefore, approximately 30 eval uable patients will be entered into 
this  Phase 1/11 study. 

10.0 FORMS SUBMISSION 
Forms will be submitted t o  RTOG Headquarters according t o  the . 
following schedule: 

On-Study form, W i t h i n  one week of 
Treatment prescri p t  i on 
Local i rat i on f i 1 ms 

randmi ra t ion  . 

Radiotherapy form 
Copy of treatment record 

F~lloW-Up foms 
Flow sheets ( i f  receiving 

chemotherapy) 

Death f o rm 

A t  completion of 
radiotherapy. 

First year, every 2 months. 
Every 4 months thereafter. 

A t  death. 
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AMERICAN JOINT COMMITTEE FOR CANCER STAGING AND END RESULTS REPORTING 

TNM STAGING OF .LUNG CANCER 

STAGE I 

T1 NO MO 

T1 N1 MO 

T2 NO MO 

STAGE I 1  

T2 NI MO 

STAGE III-MO 

Any T N2 MO -. _. 
-. . . -. 

STAGE III-MI 

Any T Any N M1 

TNM DEFINITIONS 

T1 Less t h a n  3.0 cm. No invas ion  proximal t o  

T2 
a l o b a l  bronchus. 
Greater t h a n  3.0 an or  any size extending 
t o  h i 1  um, a t  bronchoscopy. 
negative. 
Any t u m o r . i n v o l v i n g  carina, chest wall o r  
mediastinum or complete obstruction o f  1 .  . 

entire 1 ung or mal i g n a n t  effusion. 
NO No nodes involved. 
N1 Peribronchial or  .ipsilateral h i l a r  nodes 

involved including direct extention. 
N2 Medi asti nal nodes i nvol  ved . 

Carina 

T3 

. 

MO* Mediastinal nodes involved. 
M 1 *  Metastases present . 

.. -. . 
. .  

*For the purposes o f  this study MO refers t o  no metastases beyond the 
supraclavicular nodes; M1 disease includes a l l  other forms of d i s t a n t  
metastatic disease. 

L. 
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Non-Oat Cell Ca Lung 
AP Portals 

Upper Lobes 

Middle Lobes 
or Lingula 

Lower Lobes 



Non-Oat Cell Ca of Lung - 

PA Portals 

Cord 

PA Portals Diagram 
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APPENDIX 111 

Sample Consent Form 

for Participation i n  the RTOG Protocol for 

the Treatment o f  Lung Tumors 

You have been diagnosed as having  a tumor of the l u n g  which cannot 

be completely removed by surgery. This tumor may be treated by 

conventional r a d i a t i o n  therapy or by a new type r a d i a t i o n  called 

neutrons. A significant number o f  tumors continue t o  be locally 

incurable a t  doses w i t h i n  the tolerance of the surrounding normal *, 

structures. Neutrons have been proposed as a means of improving t h e  

control of tumors while keeping complications t o  a minimum. Whether 

conventional r a d i a t i o n  or neutrons i s  a more effective means of 

treatment i s  not certain. If you agree t o  participate i n  this study, 

-4 -. ._ __. . _ .  neutrons will be used t o  t reat  your tumor. . ._ .. 
The side effects of rad ia t ion  include redness of the skin of the . - .  

chest , scarring of the irradiated 1 ung, cough, temporary soreness w i t h  

swallowing. Later, additional side effects miy occur, but-are unlikely. 

These l a t e  problems include cough, shortness o f  breath, or paralysis. . 
A1 ternate treatment incl udes conventional radiation chemotherapy or 

a combination. 

T h i n k  over wha t  you have just read. If you have any questions, 

please ask them. We will t r y  t o  answer any questions t h a t  you m i g h t  

have about the study. If you would like t o  take more time t o  answer, 

and feel t h a t  you c a n ' t  sign a consent now, please take the time t o  

11 
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t h i n k  i t  over more carefully. 

study, and a t  any future date change your mind, you are perfectly free 

t o  withdraw your consent, and this will i n  no way jeopardize your 

If you do decide t o  participate i n  the 

relationship w i t h  your doctor or the care which you will receive. 

Likewise, i f  you decide not t o  participate i n  thie study from the 

beginning, you will s t i l l  receive the best available care from your 

doctor. 

Signature of Witness Signature of Patient 

Date Date 

I have f u l l y  explained the study and the treatment p lan  t o  the above 

patient . 

. .  . .  
'13 

c. 



Appendix I V .  

. 
SWUTAMOUS 
TISSLE 

mous 
NMBRANES 

None 51 i gh t  atrophy Patchy atrophy Marked atrophy U1 c a r t  ion 
P i p e n t a t i o n  chrnqe W e r a t e  te lang~rc tas ta  &OSS t 8 laq iRCuSfa  
Sane hrfr  loss Total hair  l oss  

( f ib ros is )  and loss of a s p p t o r t r c  * o f  subcutaneous t f  ssue 
subcutaneous fa t  51 l gh t  f i e l d  contracture F fe ld  contracture 

(< 1Qz l f nea r  r d u c t i o n )  

h e  51 igh t  indurat lon noderate f i b r o s i s  bu t  Severe indurat ion a d  loss Nacmsis 1 

> 10s l i n e a r  measurmnt  

none S l i gh t  atmohy and M e r a t e  atrophy and k r M  atrophy with Cn cera t 1 on 
dryness t e l u q i r c t a s i a  complete dryness 

L i  ttl e meus Severe te langfectasia 

-~ ~~~~ ~ - 
,SPIIIAL CORD None M i ld  L'Wermitte's Sevetr L'Hewnitte's Objective neurol l u l  

syndmrnC syc\d- fiodinqs a t  o r  b 3 c n  
cord l eve l  t reated 

BRAIN 

~ 

%no o r  para 
puadripl egia 

/Irne 
S p p t m t i c  cataract  Severe k e r a t i t i s  Panophthalmi t i  I 

g l  aucar Severe g l a ~ a r  

EYE None Asymptmt lc  cataract 
Rinor corneal u lcera t ion  Hodcrate corneal u lcera t ion  Severe r e t l m w t k y  or I 1  i ndness 
or ke ra t i  t i s  Minor retinopathy or . detachnwt 

URYNX None Hoarseness Moderate arytenoid edm Severe edema Necrosis 
S l lgh t  arytenoid edema Chondri t i  s Severe chondr i t i s  

LUNG None Asymptunatic o r  m i ld  Moderate symatanatie Severe s y m t m t i c  
spDtoms (dry cough) f i b ros i s  o r  pneunonitis f i b r o s i s  o r  pnwnon i t l s  1 nsuf f 1 c i  ency 
S l igh t  radiographic (severe cough) Lou grade Dense radiogtaphlc changes Continuous Oxygen 
aopearances fww. Patchy radio- Assi sted vent i 1 at i on 

Severe rcsp i ra to ry  

graphic appearances 

Tamponade 
Severe heart f a i l u r e  

None Asymptaatlc o r  m i ld  M e r a t e  angina of e f fo r t  Severe angina . MART 
r y m p t m  Mi ld  pe r i ca rd i t i s  Paricardia1 ef fusion 
Transient T wave N o m 1  h e a r t  s ize  
Inversion and ST changes Persistent a b n o m 1 i t y  
Slnus t ichycardla > 110 T wave and ST changes 
( a t  r e s t )  La* ORs 

Sl igh t  d i f f i c u l t y  i n  nonndlly 

Constr ict ive per icard i  t i  s Severe const t i c  t i v e  i 
&dera te  heart f a i l u re  pe r i ca rd i t i s  
C d r d i d C  U l l d q U W l t  
EKG dbnOml1  t i e s  

Severe ti b m s i  I 
Able t o  swallow Perforation. f i s t u l a  

Pay have pain on swa l low iq  

N u r o s t  s 
I 

None Mild f i b r o s i s  Unable t o  take s01l.d food 
I 

ESOPHAWS 

s w i l l  owing sol i d s  k l l a w i n g  sa l - so l i d ' f ood  only l f q u i d s  
Yo pain on suallouino O i la ta t i on  my be fndlcr ted 

M l d  headrche 
51 i ght 1 e t h r q y  

* l l d  d fd r rhW 
9 i l d  craaplng. b o w l  
movment < 5 t i m s  da i l y .  
S1 i g h t  rec ta l  discharge 
or b l e e d f q  

Mlld lassitude, nausea 
dyspepsi a 
S l i g h t l y  abnoniul l i v e r  
func t ion  

1 
None Transient albuninuria 

Wo hypertension 
U i l d  impairment renal: 
func t ion  
Urea 25-35 mg% . 
Creatinine 1.5-2.0 rig2 
Creatinfne Clearance > 75% 

XIDMY 

L 

RUDDER None S1 igh t  ep i the l fa l  atrophy 
Mlnor te langiectasia 
(microscopic henaturla) 

None Asymptmatic BONE 
No growth re ta rda t ion  
Reduced bone denslty 

None M l d  j o i n t  s t i f f ness  
51 igh t  1 im'i t a t ton  o f  

JO IUT 

Moderate headache 
Great l e t h a q y  I 

M e r a t e  dlarrkea and c o l i c  Obstruction o r  b l d f q  NacrosI s 
hl lnovemmt > 5 t i u s  
da i l y .  f t cess l v r  rectal 
meus or f n t m i t t e n t  
bleeding 

requ i r ing  surgery Perforat iy i ,  F I  stul a 

W e r a t e  symptom Olsabllng hepatitlc k r o s i s  
. Saar abnolarl l l v e r  f m u f f  IC1  emy Hepatic cma or  . 

l f v n  funct ion tes ts  
prossly a b n o m l  
Lou a l b u i n  
Ed- or aseftes 

Encepha 1 opa thy  funct lon tes ts  
Senm albuain nom1 

Persistent moderate . Severe rl brn inur i  a Hal ignani hypertension 
a lb ra lnur la  (2*) Severe hypertension 
H i l d  hypertenslon. No Persistent anemia ( <  104) Urea > I00 mg% 
rei ated anemia. -derate Severe renal f a f l u r e  
imprinnent renal funct ion u r e a ? 5 o a g %  
Urea > 36-60 mg2 Creatinfne > 4.0 nQI 
Creatinine 2.5-4.9 ngZ Creatinine Clearance < %J% 
Creatinlne Clearance (50-742) 

Severe frequency 6 dysurfd Necrosis 
Moderate f r e g u e w  Contracted 81 adder General i zed t e l  angicctasla Severe general i zed 

te langiectasia (o f ten  w i th  I n t  emf tt ent ~ c r o s c o p i c  
petechiae). Frequent Severe hemorrhagic hmutu r ia  cyst1 t i s  
h m t u r i a .  Reductlon i n  

W e r a t e  pain o r  tenderness Severe pain or tenderness Wccrosis 
Retardation o f  g m h  
l r r q u l a r  bone sc1erosi.s 

Moderate st i f fness Severe j o i n t  stiffness Nurosi s 
I n r e n i t t e n t  o r  d e r a t e  
j o i n t  p8in l i m i t a t i o n  of movement 
noderate 1 ini r a t i o n  o f  

U r n i c  cuna 

(capacity < lOn C C )  

blcdder CdpdClty ( <  150 CC) r 

I Caaplete arrest  bone growth 
Dense bone SCleroslS 

Pain w i th  severe 

Spontaneocs f r a c t u t s  

Complete f i x a t i o n  

i I..--* 

Severe headache Seizures o r  
Severe CKS dysfunctlon Paralysis 
( p a r t f a l  l oss  o f  power 
or  d n k i m s l a ~  

I I I I 1 1 1 O i i a ta t i on  r w u i r e d  


