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PHASE 111 RANDOMIZED 
PROTOCOL TO STUDY FAST NEUTRON AND MIXED BEAM (NEUTRON/PHOTON) RADIATION THERAPY 

SQUAMOUS CELL , ADENOCARCINOMA AND LARGE CELL UNDIFFERENTIATED TYPE ) 
IN THE TREATMENT OF LOCALIZED, INOPERABLE NUN-OAT CELL CANCER OF THE LUNG 

* 

SCHEMA 

Hi s t o l  ogy 
squamous 
adenocarci  n m a  o r  
adenosquamous l a r g e  
c e l l  undi f f  erent i a t e d  

Neutron Faci 1 i t y  

Primary S i z e  
0-3 cm 
3-6 un ( s i z e  of  pr imary)  
> 6 cm 

A. 

B. 

C. 

Photons: 6000 rad  i n  30 
f r a c t i o n s  over  6-7 weeks 

Neutrons a lone :  1800 rad (,. 1450 f r rs /  t%@f’ 

( S e a t t l e )  i n  24 f r a c t i o n s  
ove r  6-7 weeks 

Mixed beam (neut ron/photon)  : 
(neu t ron  720 rad i n  12 
f r a c t i o n s /  photon 3600 rad 
i n  18 f r a c t i o n s )  ove r  6-7 
weeks 



1.0 INTRODUCTION 
1.1 Disease Background. 

According t o  the most recent s t a t i s t i c s  f o r  the United States 
( I ) ,  1 ung cancer i s  the most comnon mal ignancy in the male and 
the fourth most c m o n  malignancy in the female (excluding 
non-melanoma skin cancer). I t  i s  the most comnon cause of 
malignancy-related dea th  in the male and the th i rd  most c m o n  
cause of malignancy-related death in the female. I n  sp i t e  of 
evidence 1 i n k i  ng the devel opinent of 1 ung cancer t o  c igare t te  
abuse ( Z ) ,  i t  appears t h a t  th is  disease will remain a serious 
problem i n  the foreseeable future  (1) .  I n  many cases, the  
lesion appears t o  be localized t o  the lung and mediastinum a t  
t he  time of presentation yet i s  inoperable by vir tue of extent 
of disease and/or location. Local radiation therapy i s  the  
main modality used i n  t r e a t i n g  t h e s e  p a t i e n t s  b u t  t h e  
preliminary resu l t s  of a recent RTOG protocol study w i t h  - 
conventional p h o t o n  i r radiat ion are somewhat disappointing. 
For 1 oca1 i zed, un resec t ab le  non-oat c e l l  c a r c i  nomas, t h e  
one-year d i s e a s e - f r e e  su rv iva l  i s  30% ana t h e  two-year 
disease-free survival i s  25-30% ( 3 ) .  The most favorable arm 
Of t h i s  study (56% one-year disease-free survival) consisteu 
of 6000 rad over 6-7 weeks w h i c h  i s  the control arm o f  the  
present protocol. A1 t h o u g h  undetected subclinical d i s t a n t  
metastases a t  the time of presentation remains a concern, i t  
i s  c lear  t h a t  the  problem of local control i s  an irriportant 
one, both in terms of absolute survival and in terms of 
q u a l i t y  of s u r v i v a l ( 4 ) .  Furthermore, p a t i e n t s  showing 
complete response i n  the RTOG study had improved survival 
compared t o  par t ia l  and non-responders (75 vs 40 week median 
survival) .  

Rationale f o r  Neutron Radiotherapy. 
A charac te r i s t ic  o f  large,  rapidly growing tumors i s  t h a t  they 
tend t o  outgrow t h e i r  blood supply result ing in necrotic areas 
surrounded by populations of hypoxic c e l l s  which t end  t o  be 
res i s tan t  t o  conventional low-linear-energy-transfer (low-LET) 
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megavoltage photon i r rad ia t ion  (5) .  T h i s  may account i n  p a r t  
for the d i f f i cu l ty  i n  achieving local control in inoperable 
lung carcinomas. A charac te r i s t ic  of high-LET radiation i s  a 
low oxygen enhancement r a t i o  ( O E R )  which makes t h i s  type of 
r a d i a t i o n  of i n t e r e s t  f o r  t r e a t i n g  such tumor  systems. 
Preliminary c l in ica l  s tudies  on hypoxic ce l l  systems such as 
mal i g n a n t  gl i m a s  (6)  and on advanced cervical aaenopathy from 
head and neck primaries ( 7 )  show a higher ra te  of local 
control fo r  f a s t  neutrons than fo r  conventional megavol tage 
photon therapy. I n  addition, there are some laboratory 
s tudies  by Rasey et  a1 (8,9) which show t h a t  combining f a s t  
neutrons w i t h  conventional photon  i r rad ia t ion  as p a r t  of a 
"mixed beam" regime leads t o  an enhanced therapeutic r a t i o  
compared with f a s t  neutrons alone. The results o f  several 
c l in ica l  p i lo t  studies ten ta t ive ly  suppor t  these laboratory 
findings by yielding e i ther  an equal ( 6 )  or higher (7,101 r a t e  
of local control for  the mixed beam mode canpared w i t h  
neutrons alone. T h e  mixed beam mode also appears t o  cause 
less  morbidity ( 7 , l O )  than neutrons alone. The purpose of 
t h i s  study i s  t o  compare t h e  r e s u l t s  of f a s t  neutron 
radiotherapy alone and as p a r t  of a mixea beam regimen w i t h  
t h e  bes t  c u r r e n t l y  avai 1 ab1 e t rea tment  scheme u t i  1 i z i  n y  
conventional photon i r radiat ion.  The use of neutrons alone i s  
t o  be compared w i t h  the mixed beam regimen since, i f  the mixed 
Deam regimen i s  equivalent or superior t o  neutrons alone, th i s  
mode of treatment would most effect ively u t i l i z e  the net 
limited treatment time on the re la t ive ly  small number of 
clinically-based neutron units projected f o r  the Unitea States  
i n  the foreseeable future.  

. 

1.3 General Outline. 
This protocol study i s  confined t o  limiteci b u t  non-resectaole 
or inoperable non-oat ce l l  carcinomas of the lung and bronchi. 
P a t i e n t s  who have received chemotherapy, a r e  undergoiny 
concomitant chemotherapy, or fo r  whom chemotherapy i s  being 
planned, are  not e l ig ib l e  for this study. While the use of 
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chemotherapy for these tumor systems is a subject of current 
investigational i n t e r e s t ,  i t s  effectiveness h a s  n o t  been 
proved and including such pa t ien ts  would introduce a n  
add i t iona l  element of uncertainty i n t o  the study. However, 
pat ients  w h o ,  a f t e r  completing the course o f  planned 
rad ia t ion ,  subsequently receive chemotherapy f o r  e i the r  
progressing 1 oca1 disease and/or d i s t an t  metastases w i  11 
continue t o  be followed. 

The three treatment arms are designed t o  deliver the same 
weekly equivalent and t'otal r a d i a t i o n  dose a f t e r  correction i s  
made for the increased radiobiological effectiveness ( R B E n / T )  
o f  the neutron beam. The exact value used for  RBCn,Y will 
depend upon the energy spectrum o f  the neutron beam and will 
vary among neutron fac i l i t i es .  Patients will be treated five 
times a week on the photon  arm, four times a week on the . 
neutron-only arm, and on the mixed beam arm will  receive 
neutrons twice a week ana photons three times a week. 

2.0 OBJECTIVES 
The objectives o f  this study are t o  compare fast  neutron 
teletherapy, b o t h  neutrons alone and as part of a mixed beam 
(neutron/photon) , w i t h  the best available conventional photon 
therapy for inoperable non-oat cell lung cancer by evaluating the 
fol 1 owi ng : 
2.1 
2.2 
2.3 
2.4 
2.5 

Degree and rate of regression of tumor volume. 
Time t o  onset o f  tumor regrowth ( i f  any) and rate o f  regrowth. 
D i  sease-free survival . 
Absol Ute survival . 
Time of onset, evaluation and severity of any radiation injury 
t o  surrounding normal l u n g  tissue and adjacent cr i t ical  
structures such as heart, esophagus and spinal cord. 
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3.0 PATIENT SELECTION 
3.1 E l ig ib i l i t y  Cr i te r ia .  

3.1.1 Patients w i t h  histological evidence (biopsy or C1 ass 
V cytology) of a mal i g n a n t  tunor of the 1 ung or 
bronc h i  . 
Squamous cel l  or epidermoid carcinomas, 
adenocarci nmas, adenosquamous , and undifferentiated 
1 arge ce l l  carcinomas are acceptable. 
Patients without previous radiation therapy for  the 
l u n g  neoplasm and who have not had previous 
radiation therapy t o  the t i s s u e  volume t o  be 

3.1.2 

3.1.3 

i r radiated i n  t h i s  study. 
Tunor must be measurable i n  a t  l ea s t  two dimensions 
on chest x-ray (both PA and Lateral views). 
No evidence of cerebral ,  hepatic or osseous 
metastases or  of other d is tan t  metastases (pa t ien ts  
w i t h  posit ive supraclavicular nodes are  acceptabl e). 
No major resection of the  primary o r  involved nodes. 
Patients must have a Karnofsky status - > 50 (see 
Appendix I1 ) . 
Patients must be < 80 years of age. 
Pat ients  must s i g n  an informed consent form (see 
Appendix 111). 

Karnofsky status < 50 (see Appendix 11). 
Evidence of severe incapacitatinq lung disease such 
as  chronic bronchitis ,  emphysema, or severe 
incapacitating cardiac disease who are  judged not 
capable of to1 erating the expected d iminut ion  o f  
1 ung function fol 1 owi ng i rradi a t  i on. 

3.2.3 Patient for  whom the required visi ts  t o  the  neutron 
f a c i l i t y  would be log i s t i ca l ly  impossible. 

3.2.4 Histology of small ce l l  undifferentiated carcinoma 
or  any of i t s  histologic sub-types (e.g., o a t  c e l l ) .  

3.2.5 A pr ior  or  concurrent malignancy (except 
non-me1 anma skin cancer). 

3.1.4 

3.1.5 

. 
3.1.6 
3.1.7 

3.1 .8 
3.1.9 

3.2 I n e l i g i b i l i t y  Cri ter ia .  
3.2.1 
3.2.2 

0 0  I 5 9 8 0  
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3.2.6 
3.2.7 
3.2.8 

Pleural effusion (regardless of cytology). 
Patients - > 80 years old. 
Pr ior  surgical resection of primary or nodes. 

3.2.9 

3.3.0 

Distant metastases with the  exception o f  posit ive 
supraclavicular nodes. 
Prior radiation t o  the anticipated treatment volume. 

3.3.1 Prior ,  concurrent or  anticipated subsequent 
c hemot he r a py . 

4.0 PRETREATMENT EVALUATION 
4.1 History and physical. 
4.2 Mandatory Laboratory Procedures. 

4.2.1 
4.2.2 

CBC including WBC, d i f fe ren t ia l  and platelets .  
Blood chemistry studies including routine 1 iver 
function t e s t s  (SGOT, L D H ,  b i l i rub in ,  a lkal ine 
phosphatase) 

Chest x-ray ( P A  and l a t e r a l ) .  
4.3 Mandatory Imaging Procedures. 

4.3.1 
4.3.2 L i  ver scan. 
4.3.3 Bone scan. 
4.3 .4  Brain scan ( i f  there  is  c l in ica l  evidence o f  CNS 

metastases) . 
5.0 ADMISSION TO STUDY AND RANDOMIZATION 

5.1 Randomization Procedure. 
To randomize a patient on this  study ca l l  the RTOG 
Headquarters (215) 574-3191 between 9:OO a.m. and 5:OO p a . ,  
EST, Monday through Friday, and give the following 
i nf omat i on : 

Protocol name 
Ins t i tu t ion  referr ing patient 
Neutron f a c i l i t y  
Physician's name 
Patient ' s name 

. 
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H i  s t o l  ogy [ adenocarci  noma, adenosquamous carci noma, 
squamous cell  carci n o r k  o r  1 a r g e  cell undi fferent i a t e d  
carcinoma) . 

S i z e  o f  primary (0-3 cm. 3-6 cm, or  > 6 cm). 
A p r o j e c t  case number and treatment will be ass igned  which  
w i  17 be confirmed Dy mail . 
5.2.1 Treatment A. Megavol t a g e  photon i r r a d i a t i o n  (60U 

5.2 Treatment Arms. 

rad  i n  30 f r a c t i o n s  ove r  6-7 weeks). \ 

5.2.2 Treatment B . , a p u t  r o a l  1-e one;, 1800 rad (I c?50 rmlLu4) 

( S e a t t l e )  i n  24 r a c t i o n s  ove r  6- weeks delivering 
IL?lr 

f o u r  f r a c t i o n s  per week. 

neutron/3600 rad  photon over  6-7 weeks. 
will be given t w i c e  a week (6U rad per f r a c t i o n )  ana 
convent iona l  megavu;tage photon i r r a d i a t i o n  ( U U  r a a  
per f r a c t i o n )  three times a week. Hence, o f  the  net 
photon rad e q u i v a l e n t  dose ,  40% wil l  be given v i a  
the neutron beam and 60% v i a  convent iona l  photon 

5.2.3 Treatment  C. Mixed beam (neu t ron lpho ton j :  720 r a a  
Neutrons 

i r r a d i a t i o n .  

6.0 TREATMENT 
6.1 Rad ia t ion  Therapy. 

Radia t ion  the rapy  will  be i n i t i a t e d  w i t h i n  three weeks of 
e s t a b l i s h i n g  the h i s t o l o g i c a l  d i agnos i s .  

6.2.1 The tumor doses  will be c a l c u l a t e d  a t  mid-depth 
a long  the c e n t r a l  a x i s  w i t h  no corrections be ing  
made for tissue inhomogeneity f a c t o r s .  
I f  a c y c l o t r o n  i s  used t o  g e n e r a t e  the neut ron  beam, 
the energy d i s t r i b u t i o n  of the neut rons  must be a t  

6.2 General Cons ide ra t ions .  

6.2.2 

least of t h e  q u a l i t y  ob ta ined  from the r e a c t i o n  o f  
21.5 MeV deuterons on a be ry l l i um t a r g e t .  
o u t p u t  from a deuterium-tritium neutron’ g e n e r a t o r  
t u b e  i s  a l s o  accep tab le .  

The 
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6.2.3 Megavoltage equipment is r e q u i r e d  f o r  the photon 
phase of  i r r a d i a t i o n .  
must be g r e a t e r  t han  1 MeV ( 
1 i nea r  accel e r a t o r s ) .  
al lowed. 
Each po r t  should be t r e a t e d  d a i l y .  
The spinal cord dose s h a l l  be 1 imi ted  t o  4500 photon 
rad  e q u i v a l e n t  i n  the photon-only and mixed beam 
t r ea tmen t  arms. Because o f  the apparent  l a r g e r  
va lue  o f  the RBE(n,r) f o r  l a t e  damage t o  neural  
tissue (10,6), the s p i n a l  cord  dose s h a l l  be l imited 
t o  1300 rad, i n  the neutron-only t r ea tmen t  arm. 
I f  the s u p r a c l a v i c u l a r  r eg ions  are c l i n i c a l l y  
n e g a t i v e ,  t h e y  may be t r e a t e d  w i t h  photons a l o n e  
r e g a r d l e s s  o f  which  t r ea tmen t  arm i s  drawn. In  such 
c a s e s ,  i t  is  recommended t h a t  t hey  receive 4500 rady 
a t  a depth o f  3 un and t h a t  a mid l ine  s p i n a l  cord 
block be used provided t h a t  i t  does not  p r o t e c t  
r eg ions  of known d i s e a s e .  

The specific aesign of the i r r a d i a t i o n  portals will 
be l e f t  t o  the d i s c r e t i o n  o f  the p a r t i c i p a t i n g  
r a d i o t h e r a p i s t  a1 though the fo l lowing  a n a t a n i c a l  
sites must be t r e a t e d :  

The effective photon energy  
Co, 4 MeV or g r e a t e r  

High energy  el ect rons  are not  

60 

6.2.4 
6.2.5 

6.2.6 

- 

6.3 Targe t  Vol ume and Dose F r a c t  i onat  i on. 
6.3.1 

0 0 1 5 9 8 3  

Targe t  volume of  primary must include the 
canplete e x t e n t  of the v i s i b l e  primary tumor 
w i t h  a margin of 2 an minimum around i t s  
rad iog raph ic  boundaries .  For extensive l e s i o n s  
compl icated by a t e1  e c t a s i  s or pneumonitis  , the  
entire lung may be t r e a t e d .  
The t a r g e t  volume o f  the lymph node - must 
i ncl ude : 

( 0  Superi  or medi a s t  i num (above c a r i  na) . 
( i i )  I p s i l a t e r a l  h i lun .  
( i i i )  Subcarina t o  a t  l e a s t  5 cm below the 

cari na. 
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6.3.2 

6.3.3 
6.3.4 

6.3.5 

6.3.6 

6.3.7 

( i v )  

( v) 

I n f e r i o r  mediastinum t o  t h e  l e v e l  o f  

diaphragm f o r  lower  l obe  l e s i o n s  o n l y  
Suprac lav i cu la r  reg ion  f o r  upper l obe  

l e s i o n s  o r  w i t h  p o s i t i v e  super io r  

med ias t i na l  nodes. 

The i r r a d i a t e d  vo l  m e  w i l l  be de f i ned  by 
i n d i v i d u a l l y  shaped p o r t s  u t i 1  i t i n g  pr imary 
c o l l i m a t i o n ,  secondary l e a d  b locks,  o r  t a i l o r  made 
blocks. 
Compensating f i l t e r s  may be used as necessary. 
The doses w i l l  be s p e c i f i e d  a t  mid-depth a long t h e  
c e n t r a l  a x i s  o f  t h e  f i e l d s .  The dose across t h e  
t a r g e t  volume must no t  va ry  more t h a n  - + 10%. 

The d a i l y  f r a c t i o n a t i o n  should be 200 2 10% r a d  
photon o r  60  r a d  neutrons (Seat t le ) .  

Isodose d i s t r i b u t i o n  c a l c u l a t i o n s  should assume t h a t  
t h e  c e n t r a l  a x i s  i s  i n  t h e  midplane o f  t h e  tumor. 
L o c a l i z a t i o n  f i l m s  taken on s imu la to rs  o r  t reatment  
machines and photographs o f  t h e  t reatment  p o r t a l  s 
w i l l  be made and submitted t o  RTOG Headquarters 
w i t h i n  one week o f  randomization. 

7.0 PATHOLOGY 

Does not  apply  t o  t h i s  study. 

8.0 PATIENT ASSESSMENT 

I n  t h e  t a b l e  below, t h e  s p e c i f i c  s tud ies  p r i o r  to ,  d u r i n g  and a f t e r  
complet ion o f  t reatment  a re  l i s t e d :  
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8.1 Study Parameters. 
Pre- During Upon Completion Foll ow 

Parameter treatment Treatment of Treatment u p  
Hi story and physical X X X 

Karnofsky status X X X 

Chest radiograph ( P A ,  X X X 

Bronchoscopy X X 

CBC,  differential X q 1-2 wks X X 

Chemistries X X 

1 ateral ) 
a 
a 
b 

Pulmonary functions X a  X a  

Liver scan X X a xa X a  

Bone scan X X a  X 

B r a i n  scan X a X a  X a  X a  

a 
X a 

a - As clinically indicated b - Every four months a t  follow-up 
8.2 Completion and Follow-up Studies and Parameters. 

8.2.1 Follow-up vis i ts  as follows: every two months following . 
the  start of treatment t o  ten months, then every four  
months for the second year, every six months for the t h i r d  
year and annually thereafter. 

8.2.2 Chest films a t  completion and each follow-up. 
8.2.3 CBC, WBC and differential a t  completion. 
8.2.4 Performance status and assessment of  symptoms. 
8.2.5 Blood chemistry every fou r  months. 
8.2.6 Pulmonary function tes ts  are optional. I f  done, i t  i s  

recorrmended t h a t  they be performed two months after 
treatment, every four months for the remainder of the f i rs t  
year, and every six months thereafter. 
Bronchoscopy i f  indicated t o  establish recurrence. 

time o f  each follow-up according t o  the scale in Appendix IV. 

8.2.7 
8.2.8 Late normal t issue reactions should be recorded a t  the 

8.2.9 

8.3.1 

Biopsy of suspicious nodes or 

Symptomatic re1 ief interval : 
time of onset of treatment t o  
symptoms . 

8.3.2 Frequency of symptom response 
and complete. 

8.3 Endpoints of  Study. 
nodul es , i f  accessi bl e. 

this i s  measured from the 
the time of disappearance of  

i s  recorded as none, partial i 
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8.3.3 Symptom-free interval: this i s  measured from the time of 
relief of symptoms t o  their  reappearance a t  the same s i t e  
or another. 

8.3.4 Relapse-free interval: this  is measured from the time of 
objective disappearance of original lesion(s) t o  the 
appearance of new objective disease as recurrence or 
metastases 
Objective Regression of Measurable Lesions. 
8.3.5.1 Canpl ete Response - Canpl ete di sappearance 

of a1 1 radiographically detectable 
tumor(s). 

cri teria must be met: 
8.3.5.2.1 A reduction by a t  least 50% o f  

8.3.5 

8.3.5.2 Partial response - All of the following 

the product of the longest 
perpendicular diameter of the 

. 
most clearly measurable mass 
1 es i on. 

8.3.5.2.2 No increase of 50% or more of any 
other indicator lesion and no new 
areas of malignant disease may 
appear 

8.3.5.2.3 No significant deterioration in 
weight (<  - lo%), symptoms, or 
performance status (20 points) . 

8.3.6 Objective Regression o f  Evaluable Non-Measurable Lesions. 
A definite decrease in size of disease areas amounting t o  
an estimated 80% regression ("close t o  complete 
regression") or better. This should be confirmed by a t  
least two investigators evaluating independently ana x-rays 
should be submitted t o  the study chairman for confirmation. 

8.3.7.1 
8.3.7 No Change - All of the Following Criteria: 

Insufficient regression of primary indicator 
lesion t o  meet cri teria above. 

8.3.7.2 Less t h a n  50% increase in any measurable lesion. 
8.3.7.3 No new areas of malignant disease. 
8.3.7.4 No significant deterioration in weight, symptoms 

or performance status. 
- 1 0 -  



8.3.8 Objective Progression - Any of the Following Criteria: 
8.3.8.1 Increase i n  any measurable lesion by greater t h a n  

50% on two successive bi-weekly visits .  
8.3.8.2 Appearance of new areas of malignant disease. 
8.3.8.3 Significant deterioration in symptoms, decerase in 

weight (> 10%) o r  decrease i n  performance status 
(> 20 points). 

8.4 Survival after Treatment (from day o f  randomization until death):  
8.4.1 Tumor steri l ization a t  primary s i t e  and lymph nodes when 

histological sections are available. 
8.4.2 S i tes  of metastatic dissemination after ini t ia l  therapy. 
a.4.3 Quality of survival as measured by the code for Performance 

S ta tus .  
I t  i s  highly desirable t h a t  changes i n  pulmonary function 
be determined and s e r i a l ly  recorded for improvement o r  
decline during and after therapy. 
Camp1 i cat  i ons of treatment . 
S t a t u s  of tumor a t  primary s i te .  
S t a t u s  of lymph nodes i n  hilar area and mediastinum w i t h  
careful mapping of removed and examined nodes. 

Detailed mapping and recording of metastatic spread. 
Irradiated organs should be carefully examined for 
radiation effects whenever possible (surgical specimens or 
a t  post-mortem examination) . 

8.4.4 

. 
8.4.5 

8.5.1 
8.5.2 

8.5.3 S t a t u s  of irradiated lung. 
8.5.4 
8.5.5 

8.5 Post-Mortem Studies t o  Include: 

9.0 DATA COLLECTION 
Records t o  be kept and reporting schedule: 
9.1 The investigator must submit the appropriate RTOG lung forms 

t o  RTOG Headquarters according t o  the following schedule: 
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Form - Due - 

On study forms. 
L o c a l i z a t i o n  f i l m s  Wi th in  one week o f  s t a r t  o f  
Treatment p r e s c r i p t i o n  t rea tment  

Wi th in  one week o f  randomizat ion 

Rad ia t i on  therapy form 
Rad ia t i on  therapy reco rd  t reatment 
Reduced f i e l d  f i l m s  and 

isodose sumnation, 
i f  done 

W i t h i n  1 month o f  complet ion of 

F011 O W - U ~  forms . A t  2 months f o l l o w i n g  t h e  s t a r t  

o f  treatment, then every 2 months 
t o  10 months, then every 4 months 
f o r  t h e  2nd year, every 6 months 
f o r  t h e  3 r d  year and annua l ly  
t he rea f te r .  

I 

Death form 

Pulmonary f u n c t i o n  repor ts ,  a l though op t i ona l ,  w i l l  be 

submit ted separa te ly  as pretherapy eva lua t ion ,  a t  2 months 

a f t e r  completion, every 4 months f o r  t he  remainder o f  t h e  
f i r s t  year  and every 6 months t h e r e a f t e r  ( f o r  p a r t i c i p a t i n g  
i n s t i t u t i o n s )  

Upon death o f  p a t i e n t  

9.2 Pulmonary Func t ion  Reports. 

10.0 STATISTICAL CONSIDERATIONS 
I f  e i g h t y  p a t i e n t s  a re  entered on each arm o f  t h i s  study, i t  should 
be poss ib le  w i t h  approx imate ly  85% c e r t a i n t y  t o  de tec t  an inc rease 
i n  t h e  2-year disease f r e e  s u r v i v a l  from 25% t o  45% (us ing  a one- 

s ided t e s t  o f  s i g n i f i c a n c e  with a t ype  I e r r o r  o f  5%). 

- 12 - 



11.0 ADDITIONAL TREATMENT 

11.1 The bes t  suppor t i ve  care  i s  t o  be g iven t o  every pa t i en t .  

Add i t i ona l  rad io therapy  may be g iven f o r  r e l i e f  o f  p a i n  o r  

v i t a l  i n d i c a t i o n s  (i.e. v i s c e r a l  involvement, bony metastases, 
super io r  vena cava syndrome). 
o f  t h e  r a d i a t i o n  t h e r a p i s t .  

con junc t i on  w i t h  p ro toco l  therapy. C o r t i c o s w r o i d s  a re  
p e m i  s s i  b l e  f o r  shor t - te rm c o n t r o l  o f  hypercalcernia, super io r  
vena caval  syndrome o r  symptomatic ce reb ra l  metastases. 

11.3 Senior i n v e s t i g a t o r s  may remove a p a t i e n t  f rom t h e  scheauled 

t reatment  i f  i t  c l e a r l y  i s  i n  the p a t i e n t ’ s  bes t  i n t e r e s t  t o  
do so. Such dev ia t i ons  should be documented i n  d e t a i l .  

Th is  w i l l  be a t  t h e  d i s c r e t i o n  

11.2 An t ineop las t i c  agents are no t  t o  be admin is tered i n  

. 
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APPENDIX I- 

Anatomical S tag ing  f o r  Lung Cancer 

(RTOG M o d i f i c a t i o n  o f  American J o i n t  Committee Staging) 

1. Anatomical Staging: 

Each case must be assigned t h e  T, N and M ca tegory  t h a t  most 
accu ra te l y  descr ibes t h e  ex ten t  o f  disease. The an,atomical s tag ing  
w i l l  be descr ibed as c l i n i c a l  o r  r a d i o l o g i c a l  when o n l y  a 
bronchoscopic biopsy, cy to logy  o r  percutaneous need1 e b iopsy i s  . - -  
a v a i l a b l e  t o  con f i rm  t h e  tumor type. 

Where node b iops ies  i n c l u d i n g  scalene node b iopsy,  mediastinoscopy 
o r  mediastinotJmy have been performed, t h e  s tag ing  i s  c l a s s i f i e d  as 
"pa tho log i ca l  ." 
I n  p a t i e n t s  who have undergone e x p l o r a t o r y  thoracotomy o r  
resec t ion ,  use w i l l  be made o f  t h e  pa tho log i ca l  and o p e r a t i v e  
f i n d i n g s  obta ined by t h e  surgeon and t h e  s tag ing  w i l l  as 
" s u r g i c a l  . I '  

Biops ies  which are  nega t i ve  f o r  malignancy, b u t  which f a l l  i n t o  t h e  
above mentioned ca tegor ies  w i l l  make t h e  p a t i e n t  e l i g i b l e  f o r  
su rg i ca l  o r  pa tho log i ca l  s tag ing.  

2. TNM Categories: (Note Mod i f i ca t i ons* )  

T-Primary Tumor 

T-0 No evidence o f  p r imary tumor .  

T-X T m o r  proven by t h e  presence o f  mal ignant  c e l l s  i n  secre t ions ,  
bu t  no t  b y  roentgenograph o r  bronchoscopy. 

Intrapulmonary, l o c a l i z e d ;  a s o l i t a r y  t m o r  3.0 cm o r  l e s s  i n  
g rea tes t  diameter, surrounded by  l ung  o r  v i s c e r a l  p leu ra  and 
w i thout  evidence o f  i nvas ion  proximal t o  a l o b a r  bronchus a t  
bronchoscopy. 

T-1 

T-2 Intrapulmonary, extens ive;  a tumor more than 3.0 an i n  
g rea tes t  d iameter  o r  a t uno r  any s i z e  which, w i t h  i t s  
assoc iated a t e l e c t a s i s  o r  o b s t r u c t i v e  p n e m o n i t i s ,  extends t o  
t h e  h i l a r  reg ion.  A t  bronchoscopy, t h e  proximal ex ten t  o f  
demonstrable tumor must be a t  l e a s t  2.0 an d i s t a l  t o  t h e  
car ina.  
must i n v o l v e  l e s s  than an e n t i r e  lung; t h e r e  must be no 
p leu ra l  e f fus ion .  

Any associated a t e l e c t a s i s  o r  o b s t r u c t i v e  pneumonitis 

. 
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*T-3 

*T-3 1 

*T-3* 2 

*T-3.3A 

*T-3 38 

NB : 

*T-4 

*T-4* 1 

*T-4.2 

Extrapulmonary, intrathoracic local ized; this includes T 
lesions which invade through the visceral pleura i n t o  the 
pleural space or adhere t o  the parietal pleura; bronchogenic 
cancers w i t h i n  2 cm o f  the carina; no visceral, vascular, 
neurologic, osseous or  cardiac (incl d i n g  pericardial) 
invasion. 

T lesions meeting such cr i te r ia ,  limited t o  one lobe, 
including associated atelectasis and infi l tration. 

T lesion as stated, limited t o  two lobes. 

T lesion a s  stated, limited t o  one main bronchus, without 
ate1 ectasis . 
T lesion w i t h  pleural effusion, negative cytology. 

I t  is important t o  recognize t h a t  T3 lesins may require 
thoracic exploration for classification. T3.1, T3.2 and T3.3 
represent T, T2 lesions both cl i n i c a l  l y  and radiographically 
assessed, b u t  are beyond resection based on their  location or 
evidence o f  extrapulmonary invasion a t  the time o f  surgery. 

Extrapulmonary, in t ra thorac ic  extensive: a very extensive T 
1 esion, i nvadi ng nerves, major vessels , heart, vertebrae and 
chest wall s i tes .  I t  i s  beyond parietal pleura and i s  i n t o  
the chest wall , v i  scera and/or  deep mediastinal structures. 
This does no t  include patients w t i h  extrathoracic visceral 
metastasis. 

. 

Pleural effusion w i t h  positive cytology. 

Superior vena cava obstruction associated w i t h  any T lesion. 

N-Regional Lymph Nodes 

N-0 No demonstrable spread t o  lynph nodes. 

N - 1  Spread t o  lymph nodes i n  the ipsilateral hilar region. 

*N-2.1 Subcarinal and lower mediastinal . 
*N-2.2 High mediastinal. 

*N-2.3 Contra1 ateral hi1 ar nodes . 
*N-2.4 Posterior mediastinal nodes, diaphragmatic  and pericardial 

*N-3 Supraclavicular or  biopsied scalene nodes. 
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*M-Distant Metastasis 

M-1 Solitary, isolated metastasis confined t o  one organ or 
anatunic si te.  
abdominal coel iac nodes. 

M-2 Multiple metastatic foci confined t o  one organ system or  one 
anatanic s i t e ,  i .e. , 1 ungs, skeleton, 1 iver, etc. 

M-3 Mu1 t i  ple organs metastatic involvement. 

S t a g i n g  Grouping o f  Carcinoma o f  the Lung 

This a1 so applies t o  cervical , axillary o r  

3. 

Stage 0: 

*Stage I: 

*Stage 11: 

*Stage 111: 

*Stage I V :  

T-X, N-0, M-0, an occult carcinoma based upon 
positive cytol ogy . 
T-1, N-0, M-0, a tumor t h a t  can be classified T-1 
without my spread t o  nodes or distant metastases. 

T-1, N - 1 ,  M-0 
T-2, N-0, M-0 
T-2, N-1, M-0 

T-3, N-0, N - 1  

T-2, T-3, M-0 
N-2 w i t h  T-1 

T-4 w i t h  any N, 
N-3 w i t h  any T ,  
M o f  any category 

A pulmonary in t ra thorac ic  tumor 
classified as  T-2,  o r  spread t o  
the lymph nodes i n  the 
i psi1 a te ra l  h i 1  ar region only 
( N - 1 )  , o r  both T-2 and N-1. 

Any ex t rapulmonary ext rat horac i c 
tumor spread t o  the lymph nodes 
i n  the mediastinm. 

- 

Extensive extrapulncnary 
invas ion  into viscera and bone 
w i t h  extrathroacic b u t  regional 
spread, metastases may a1 so be 
present . 
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APPENDIX I1 

KARNOFSKY PERFORMANCE S T A T U S  

100 
90 

80 

70 

60 

50 
40 
30 

20 

70 
0 

Normal; no complaints; no evidence of disease. 
Able t o  carry on normal ac t iv i ty ;  minor signs or symptoms of 
d i  sease. 
Normal ac t iv i ty  w i t h  e f f o r t ;  some s i g n  or symptoms of disease. 
Cares for  s e l f ,  unable t o  carry on normal ac t iv i ty  or do active 
work. 
Requires occasional assistance,  b u t  i s  able t o  care for most 
personal needs 
Requires considerable assistance and frequent medical care. 
Disabled; requires special care and assi stance. 
Severely disabled; hospitalization i s  indicated, although death 
n o t  imninent. 
Very s ick ;  hospitalization necessary; ac t ive  suppor t  treatment 
i s  necessary. 
Moribund; f a t a l  process progressing rapidly. 
Dead. 

. 
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T h i n k  over what you have just read. 
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. I f  you would like t o  take mcre time t o  answer, and feel  tha t  
you can’t s ign a consent now, please take the time t o  think i t  over more 
carefully.  If  you do decide t o  par t ic ipate  i n  the  study, and a t  any 
future date change your mind, you are  perfectly f r ee  t o  withdraw your 
consent, and this  will in no way jeopardize your relationship with your 
doctor or the care which you will receive. Likewise, i f  you decide not  
t o  par t ic ipate  i n  the  study from the b e g i n n i n g ,  you will s t i l l  receive 
the best available care from your doctor. 

I f  you have any questions, please 

Signature of Witness Signature o f  Patient 

. 

Date Date 

I have fu l ly  explained the  study ana the treatment plan t o  the above 
patient.  

(P 149 #2) 
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APPENDIX I 1 1  

Sample Consent Form 
for P a r t i c i p a t i o n  i n  t h e  RTOG Pro tocol  for  

the Treatment of Lung Tumors 

You have been diagnosed a s  having a tumor of the l u n g  which cannot  be 
cmp ' l e t e ly  removed by surgery .  
convent iona l  r a d i a t i o n  the rapy  or by a new t y p e  r a d i a t i o n  c a l l e d  
neutrons.  A s i g n i f i c a n t  number of tumors con t inue  t o  be l o c a l l y  
i n c u r a b l e  a t  doses  w i t h i n  the t o l e r a n c e  of  the sur rounding  nonnal 
structures. 
con t ro l  of tumors while keeping compl ica t ions  t o  a minimum. 
convent ional  r a d i a t i o n  o r  neutrons i s  a more e f f e c t i v e  means of 
t r ea tmen t  i s  not c e r t a i n .  
phys ic ians  have agreed t o  t r e a t  p a t i e n t s  w i t h  tumors such a s  yours  
e i ther  w i t h  convent ional  r a d i a t i o n  o r  neutron r a a i a t i o n  o r  a combination 
of t r ea tmen t s .  
t r ea tmen t  used wi  11 be determined by randomizat ion.  

Th i s  tumor may be t r e a t e d  by 

Neutrons have been proposed a s  a means of improving the  
Whether 

In order t o  f i n d  an answer,  concerned 
* 

I f  you ag ree  t o  p a r t i c i p a t e  i n  th is  s tudy ,  the type 

The side effects o f  ei ther  t y p e  o f  r a d i a t i o n  include redness of  the skin 
of the chest ,  s c a r r i n g  o f  the i r r a d i a t e d  1 ung, cough and temporary 
so reness  w i t h  swallowing. 
b u t  t h i s  i s  un l ike ly .  
b r e a t h ,  o r  p a r a l y s i s .  

Later, a d d i t i o n a l  side effects may occur, 
These l a t e  problems i n c l u a e  cough, s h o r t n e s s  of  

A1 t e r n a t e  treatment includes convent ional  r a d i a t i o n ,  chemotherapy o r  a 
combination. 

The  h o s p i t a l  and i n s t i t u t i o n  where I am being t r e a t e d  does not  provide 
compensation for any t r ea tmen t  f o r  d i s a b i l i t y  i n c u r r e d  as a result of 
p a r t i c i p a t i n g  i n  th is  research. 

0 0 1  5 9 9 1  
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RTOWEORTC Late Radiation Morbidity Scoring Scheme 

51 i g h t  atrophy Patchy atrophy Harked dtfOPhy 
P i g w n t a t f o n  change Moderate te lang iec tas ia  Gross tC1 dngl W t d S i d  
Some h a i r  l o s s  Tota l  h a i r  l o s t  

51 i g h t  i ndu ra t i on  noderate f f b r o r l r  bat Severe i ndu ra t i on  and l o s s  
( f i b r o s i s )  and l o s s  Of I S P c l p t  mdti C 
subcutaneous f a t  51 i g h t  f i e l d  con t rac tu re  F I e l d  con t rac tu re  

S l i g h t  a t rophy dnd noderate atrophy and Marked dt topky w l  th  
d r jness  t e l  angiectas ia  cmpl ete dryness 

S l i g h t  dryness o f  mouth bbderate dryness Cmpl a te  dryness 
Good response on P o o r  response on No response on 
s t imul  a t i o n  s t imul  a t i o n  s t i m l a t i o n  

M i l d  L 'Hermi t t e '  s 
synd m e  syndrane 

o f  subcutaneous t i  ssue 

> 101 l i n e a r  measurement ( <  10% l i n e a r  reduct ion)  

Severe t e l  angi e t a s  1 a L i t t l e  mucus 

Severe L 'Henn i t t e ' s  Object ive ncurol og i  C d l  
f i nd ings  a t  o r  below 
cord l e v e l  t rea ted  

MBRANES 

U lce ra t i on  

NecmSis 

lJl c e r a t i o n  

Necmsis  

&no o r  para 
quddr ip leg ia 

SALIVARY 
IGlANDS 1 'One 

M i l d  headache 
Si i g h t  1 e t h a q y  

Moderate headache 
t r e a t  l e tha rgy  

I I 

Symptandtic ca ta rac t  Severe k e r a t i t i s  

g l  aucma Severe g laucma 

A s y m p t m t i c  ca ta rac t  
Mlnor corneal u l  ce ra t i on  W e r a t e  corneal u l c e r a t i o n  Severe re t i nopa thy  o r  
o r  k e r a t i t f s  Minor re t i nopa thy  or  detachnent 

Hoarseness Moderate ary tenoid &ana Severe &ma 
S l i g h t  a ry teno id  edema Chondri t i s  

k y m p t m t i c  o r  m i l d  M e r a t e  synptandt ic  
symptoms ( d r y  cough) f i b r o s i s  o r  pneunoni t is  f i b r o s i s  or pneunoni t is  
51 i g h t  rad iographic  ( s w e r c  cough) Low grade Oense rad iographic  changes 
appearances fever .  Patchy rad io-  

graphic  appearances 

Asymptomatic o r  m i l d  Pbderate angina o f  e f f o r t  Severe angina 
M i l d  p e r i c a r d i t i s  Pe r i ca rd ia l  effusion r)rm!Jtm 

Transient T wave  Normal hear t  s i r e  
i nve rs ion  and S T  changes Pers i s ten t  abnonnal i t y  Moderate hear t  f a i l u r e  

1 wave and ST changes Sinus tachycard ia > 110 
( a t  r e s t )  cow ORs EKG abnormal i t ies  

Severe c h o n d r i t i s  

Severe symptomatic 

Cons t r i c t t ve  p e r i c a r d i t i s  

Cardiac enlargement 

~~ 

Panophthalmit is 
E l  indness 

Necroal s 

Severe r e s p i r a t o r y  
i n s u f f i c i e n c y  
Continuous oxygen 
As s i  sted vent i 1 a t  i on 

Tampo nad e 
Severe hear t  f a i l u r e  
Severe c o n s t r i c t i v e  
p e r i c a r d i t i s  

t 

M i l d  f f b r o s i s  
S l i g n t  d i f f i c u l t y  i n  
rwal lowina so l  i d s  

Severe headache 
Severe CNS dys func t i on  

o r  dyskinesia) 
( p a r t i d l  105s O f  POW?? 

Unabl e t o  take sol i d  food 
noma1 l y  
Swallowing semi-so l id  food only  l i q u i d s  

Severe f i b r o s i s  
Able t 3  swa11cw 

1 Necrosis 
Per*ora?!on, c i s ? ' J 1 a  I 

Seizures or 
Para lys i s  
Cmd 

No pa in  o;l swallowing D i l a t a t i o n  may be i nd i ca ted  m y  have pa jn  on SWdllOWfng 

SHALL/LARGE 
INTEST IN€ 

None 

~~~~~ 

51 i g h t  ep i the l  l a1  atrophy 
Minor te lang iec tas ia  
(microscopic henatur i  a )  I n t e n i t t e n t  nycroscopic 

noderate f tcqUeKy 
General i zed t e l  angiectasf a 

hematuria 

Y l l  d d i  drrhea 
Y i l d  cramping. rlowcl B o w l  movement > 5 t imes 
movement < 5 t imes d a i l y .  da i l y .  Excessive r e c t a l  
S l i g h t  r e c t a l  diSChdrge 
o r  b leeding b l  cedi  ng 

Y i l d  l ass i tude ,  nausea Moderate symptoms 
dyspeps i d 
S i  i g h t l y  abnormal 1 i v e r  f u n c t i o n  t e s t s  L i v e r  func t i on  t e s t s  
f u n c t i o n  Scrun a lbunin nOrnd1 grOSSly a b n o m i  

noderate d ia r rhea  and co l  f c  

INCUS o r  i n t e n n i t t e n t  

Obstruct ion or bleeding 
r e q u i r i n g  surgery 

D i  sabl i ng  hepa t i t i c  
. Sane abnond l  l i v e r  i nsuff 1 c i  ency 

LOW dlbUIIfn 
E d a a  or asc i tes  

Severe hypertension 
Transient a lbun inu r ia  Pers i s ten t  moderate Swere albuninur ia  

M i l d  impainnent renal,' M i l d  hypertension. No Pers i s ten t  anemia ( <  IO@) 
re1  ated anemia. Moderate Severe renal  f a i l u r e  f u n c t i o n  

Urea 25-35 ng% impairment renal  f unc t i on  Urea > 60 mg% 
Urea > 36-60 mg% Crea t in ine  > 4.0 mgX Crea t in ine  1.5-2.0 mg!4 

Creat in ine Clearance > 75% Crea t in ine  2.5-4.0 mg% Creat in ine Clearance < MI 
Crea t in ine  Clearance (50-743) 

No hypertension a lbun inu r ia  ( 2 * )  

Severe frequency 6 dysur ia  
Severe general i zed 
te langiec?asia (o f ten w i t h  
petechiae). Frequent , hematuria. Reduction i n  
b ladder  capac i t y  ( <  150 cc) 

Necrosis 
Per forat ion.  F i s t u l a  

Necrosi 5 
Heoatic cana b r  
Encephal Owthy  

Maligndnt hypertension 
Uremic CMnd 
U r e a  > 100 n$ 

N u r o s i  s 
Contracted Bladder 

Severe hemorrhagic 
( capac i t y  < 100 cc)  

1 cystit's 

A S f l O t  Ond t 1 C 
No growth  r e t a r d a t i o n  
Reduced bone densi ty  

S1 i g h t  1 i m i t a t i o n  of 

Moderate pa in  o r  tenderness 
Retardat ion of growth 
I r r e g u l a r  bone sc le ros i s  

I n t e r m i t t e n t  o r  moderate 

Moderate l i m i t a t i o n  of 
, movement J o i n t  pdln 

M p l e t e  dr res€ bone growth 
Dense bone sc l  e m s i  S 

Severe j o i n t  s t i f fness 
Pain with severe 
l i m i t a t i o n  of movement 

Spontaneous f rac tu re  

Necrosis 
Complete f i x a t i o n  

I m b v m n t  1 
+Grade 5: Death d i r e c t l y  re la ted  :o r a d i a t i o n  l a t e  e f fec t *  - 22 - 
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Revi sions/Cl a r i  fications ' 

RTOG 79-07: Neutron Lung February 20, 1981 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Section 6 . 3 . 1  b:  Treatment of the contralateral hilum i s  optional but  - i s  
recommended i f  i t  would not involve irradiating an 
unacceptable large amount o f  lung t i ssue .  

. 
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