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RADIATION THERAPY ONCOLOGY GROUP 

RTOG 79-03 

A PHASE 1/11 PROTOCOL FOR THE EVALUATION OF 

RADIATION IN THE TREATMENT OF PATIENTS 
WITH MALIGNANT GLIOMA 

. MISONIDAZOLE COMBINED WITH NEUTRON 

.. - ... . Schema - 
Record Treatment 

- .. Tumor 1 ocat i on . Neutron radiotherapy + 
Size  m i  sonidazol e 
S tage  
Extent o f  r e sec t ion  
Grade 
Performance s t a t u s  

Week 1 2 3 4 5 6 

Neutron x RT * * 

2.5 g/m x 6 t + t t 

t t t 300 rad x 6 t 

Mi son;da$ol e t t 

*reduced f i el d 

E l i g i b l e :  P a t i e n t s  w i t h  biopsy proven malignant gliomas age > 18 < 70; 
Karnofsky - > 50; no previous r a d i a t i o n  t o  b ra in  or chemo- 
therapy. 

Radiotherapy: 300 rad (neutrons)  t o  entire b ra in  i n  s i n g l e  weekly 
f r a c t i o n  x 4 p l u s  two 300 rad f r a c t i o n  t o  the reduced 
vo l  me. 

Misonidazole: 2.5 g/m 4-5 hours before radiotherapy x 6 doses. Total  
dose 15 g/m 

P a t i e n t s  must be r e g i s t e r e d  w i t h  RTOG Headquarters (215) 574-3191, 
9:OO a.m. - 5:OO porn., EST prior t o  beginning radiotherapy.  
Submit drug request forms (NIH 986) t o  RTOG Headquarters f o r  approval. 
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1.0 INTRODUCTION 
1.1 Disease Specific Background 

The malignant gliomas a r e  r a r e l y  con t ro l l ed  by any t reatment  
and a r e  a l m o s t  un i fo rmly  f a t a l .  S u r v i v a l  f o l l o w i n g  
conventional neurosurgical i n t e rven t ion  and radiotherapy can 
be measured i n  terms of months and r e p o r t e d  s u r v i v a l  
f requencies  a r e  i n  the range of 55-673 a t  6 months, 27-393 a t  
12 months, and 8-203 a t  24 months. Relentless loca l  growth Of 

tumor r a t h e r  than metastases k i l ls  the pa t i en t .  

Considerable e f f o r t  has been made by i n v e s t i g a t o r s  i n  recent 
yea r s  t o  search f o r  newer avenues of approach, inc luding  
higher  doses o f  conventional photon r ad ia t ion ,  combination of 
chemotherapy and photon r ad ia t ion ,  and h i g h  LET radi  a t i  ons . 
The RTOG and ECOG have a j o i n t  current protocol (RTOG 74-01) 
which tests s tandard whole bra in  r a d i a t i o n  us ing  photons t o  a 
t o t a l  dose of 6,000 rad aga ins t  the same r a d i a t i o n  aose w i t h  a 
1,000 rad boost added, o r  the addi t ion  of chemotherapy us ing  
BCNU o r  methyl CCNU + DTIC. Over 600 p a t i e n t s  have been 
randomized.  The s t u d y  was c l o s e d  i n  March, 1 9 7 9 ,  and 
p r e l i m i n a r y  a n a l y s i s  shows no d i f f e r e n c e  among t h e  f o u r  
t reatment  randomizations. These prel imi nary f i ndi ngs a r e  
cons i s t en t  w i t h  the e a r l y  r epor t s  o f  the Brain Tumor Study 
Group invest i ga t  i on of radi  a t i  on a1 one versus rad i  a t  i on p l  us 
BCNU. 

Inasmuch a s  there a r e  t h e o r e t i c a l  b io logica l  bases f o r  bet ter .  
responses of the tumors t o  high LET r a d i a t i o n ,  p i l o t  s tudies  
w i t h  f a s t  neutron whole bra in  rauiotherapy were undertaken and 
some i n i t i a l  observat ions a r e  av.ailable. 

Thirty-three p a t i e n t s  treated a t  the University of Wasni ngton 
i n  S e a t t l e  an& 35 p a t i e n t s  t r e a t e d  a t  Hane r smi th ,  England, - I.,*._ .” .-- -_ . - ~ -.- - - 

9 showed excel lent tumor control  w i t h  autopsy da ta  showing 
- better-than- 96% of the p a t i e n t s  w i t h  gross  tumor replacea by - r e  

c (I 
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coagulation necrosis and only reactive astrocytes in the 
region, However, diffuse gliosis and demyelinization suggested 
that the RBE for neutrons in the brain may be nearly 4 rather 
than 3. Dosage was reduced 20% which resulted i n  no 
observable brain damage, but patients died o f  persistent, 
viable tumor. 

A current RTOG protocol (RTOG 76-11) is evaluating the 
combination of photon radiation to 5000 rad with a neutron 
boost o f  500 rad (approximately equivalent to 1500 photon 
rad). Although this study is still accruing patients and has 
yet to mature, a dramatic gain has not been demonstrated in 

- _  

- the preliminary results of the first sixty patients.. 
1.2 Misonidazole Background 

Hypoxic cells are known to be present in solid tumors in man 
and animals, and are known to be more resistant to the effects 
of ionizing radiation than aerated cells. Whether or not the 
radioresistance of such cells is a limiting factor in the 
local control of solid tumors treated with radiotherapy is the 
subject of the current study. Attempts to improve the killing 
of hypoxic cells have involved the use of hyperbaric oxygen, 
high-linear-energy-transfer irradiation and hypoxic cell 
sensitizers. Of the compounds tested to date as hypoxic cell 
Sensitizers, the nitroimidazol es appear to have the greatest 
potenti a1 because of thei r superior pharmacol ogi c propert i es 
and greater effectiveness in mama1 ian cell s. Among these, 
metronidazole (F1 agyl ) and misonidazol e (Ro-07-0582) have 

. 
8 ,  

proven to be active in animal model systems and are now in 
early clinical evaluation in several countries (1). Initial 
clinical pharmacologic and toxicologic evaluation of 
misonidazole by Dische et .ale in England ( Z ) ,  by Urtusan et 
al. in Canada ( 3 ) ,  and by Wassenan et al. in the Unitea 
States (4) provides some qualitative and quantitative data on 
these drug properties for single dose and some multiple dose 
schedul es . Pharmacologic studies using ultraviolet 
spectrophotometric' ( U V )  and high-pressure 1 iquid 
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chromatographic (HPLC) assays have establ ished t h a t  peak serum 
levels of misonidazole occur 1-4 hours af ter  the g i v e n  dose 
with serum half lives ranging between 9 and 17  hours. Peak 
serum levels in mg/ml were sliyhtly higher t h a n  drug  dose 
administration in mg/kg. A good percentage of serum levels 
has been detectable in tumor biopsies and in the cerebrospinal 
fluid (CSF). Acute toxicity of the oral forniulation has been 
expressed by nausea and vomiting. Mu1 tip1 e-dose schedules 
revealed the dose-limiting tox ic i ty  t o  be peripheral 
neuropathy, w i t h  the incidence apparently related t o  total 
drug dose given, dose frequency, and size of each individual 
drug dose. . -  

The RTOG has completed a Phase I evaluation of misonidazole 
administered once and twice per week for 3 and 6-weeks and 
administered three times per week for 2 weeks and daily for S 
and 7 days. A t o t a l  of 104 patients have been entered i n t o  
this study. The results on the f i r s t  40 patients were 
presented t o  the American Society of Therapeutic Radiologists, 
November 1978, and the publication is  in press (5) .  

. 

-. 

1 )  

ua 
-0 
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This study established the  maximum toleratea dose for one 
2 2 dose/week for 3 weeks as 4 gm/m /dose or a total o f  12 gm/m 

i n  three weeks. A t  this dose approximately 50% of the  
patients will have measurable peripheral neuropathy, b u t  this 
neuropathy will rarely exceed Grade 11, i , e , ,  sensory only of 
a moderate degree. 

This study also established t h a t  for weekly adriiinistration for 
6 weeks, 15 g m / d  was the maximum tolerated dose. A t  th is  
dose level over t h i s  time. period a lso ,  approximately 50% o f  

patients experienced peripheral neuropathy o f  a Grade 1-11 
nature w j  t h  only occasional patients experiencing more severe 
neuropathies. More severe neuropathies were always associated 
with advanced age, marked dehydration, excessively high blood 
levels, o r  a pre-existing severe neuropathy such as  from 
vi ncri stine. 

! 
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Subsequent  t o  t h i s  p u b l i c a t i o n  by Wasserman, e t  a l ,  an 
a d d i t i o n a l  64 p a t i e n t s  have been t r e a t e d  on m u l t i p l e  
doses/week schedules . With admi n i  s t r a t i  on twi ce per week a 
dose o f  1.5 gm/m was g iven  t o  6 p a t i e n t s  f o r  6 weeks o r  12 
doses. Two p a t i e n t s  d ied  during the study and one withdrew. 
O f  theethree p a t i e n t s  completing t rea tment ,  one had a Grade 
11, one a Grade 111, and one a Grade IV neuropathy w i t h  
encephalopathy. I t  was assumed t h a t  this was t o o  high a dose. 
Fourteen p a t i e n t s  were t h e n  _given 12 doses o f  1.25 yn/m2 Over 

. 6 weeks. O f  these only one died dur ing  t rea tment  and one 
withdrew. NO drug r e l a t e d  dea ths  were noted. Three p a t i e n t s  
e x p e r i e n c e d  Grade I n e u r o p a t h i e s  and four  Grade I 1  
neuropathies w i t h  no neuropathies  of a more severe nature .  I t  

2 

.. 

was t h u s  determined ' t h a t  the maximum t o l e r a t e d  dose i n  6 
weeks, w i t h  12 doses was 1.25 ym/m2 o r  a t o t a l  o f  15 gm/m2. 
Thus, the  t o t a l  dose could not be increased by d i v i d i n g  i t  
i n t o  two r a t h e r  than one adminis t ra t ion  per week. 

Thus ,  i t  would appear t h a t  f r a c t i o n a t i o n  o f  the drug dosage 
has no e f f e c t  on d r u g  to l e rance  a s  r e l a t e d  t o  neuropathy. 
Sriialler incremental doses do, o f  course,  markedly reduce 
nausea ana vomiting. The maximum t o l e r a t e d  dose, r ega rd le s s  
o f  f r a c t i o n a t i o n ,  appears t o  be approximately 8 gm/m2 i n  one 
week, 10.5 gn/m2 i n  1.5 weeks, 12 gm/m2 i n  2-3 weeks and 15 
gm/& i n  6 weeks. 

8b 

There has been no unusual adverse r eac t ion  t o  r a a i a t i o n  i n .  
terms o f  either normal-t issue acute  r eac t ions ,  o r  a t  t h i s  
point , w i t h  one yea r  of observat ion,  1 a t e  r a d i a t i o n  damage. 
All o f  the p a t i e n t s  studied i n  the Phase I t r i a l  have had 
advanced d i sease  and t h u s  tumor cont ro l  has not been e a s i l y  
assessable .  I t  i s  a general  conclusion t h a t  the drug  used a t  
the recommended maximum to1 e ra t ed  doses is reasonably sa fe  
w i t h  only occasional neuropathies more severe than Grade 11. 
Most o f  these have appeared t o  be avoidable by adequate 
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hydration and careful monitoring of the blood levels and the 
neurologic condition. I t  i s  clear from the responses seen t o  
date that the drug warrants further clinical evaluation i n  a 
larger patient popu la t ion  i n  order t o  establish whether the 

r a d i a t i o n  fractionation schemes will be acceptable i n  t h i s  
type pasient w i t h  these doses o f  misonidazole. 

Signif icant  pl asma level s are  requi red for reasonable 
enhancement of s s n s i t i v i t y  i n  hypoxic c e l l s .  Dische, 
Saunders, Lee, and Adams (2)  have published a curve combining 
da ta  for.V79 cells i n  culture - & _  

and - 1  human . s k i n .  

hcNally e t  a1 have recently published add i t iona l  information 

. 
1.3 Fractionation Schedule Background - 

1 .  

- - _ -  -- -. 

concerning the relationship of drug  concentration ana the 
enhancement ratio i n  hypoxic tumor cells  ( 6 ) .  They found t h a t  
the - -  i n  v i v o  radiosensit izing e f fec t  of the  drug a t  
concentrations ranging from 25-250 ug/gm of tumor t issue was 
a t  least as good as t h a t  published a t  lower concentrations. 
Enhancements w i t h  p h o t o n s  o f  u p  t o  1.5 were seen for  

” concentrations of approximately 40 and SO ug/rnl Enhancement 
ratios w i t h  photons of about 1.75 were seen for 100 , 
about  1.8 for 200-250 u g / m l .  

The Phase I RTOG study, including cases from b o t h  the s ing le  
weekly dose series and the multiple dose series, yielas 
information on the relationship between d r u g  dose given ana 
mean 4-6 hr. serum level . With doses o f  1.25 gm/m the mean 
serum level i s  46 u g / m l  including b o t h  KO-07-0582 and 
Ro-05-9963, the primary metabol i te.  Since Ro-05-9963 seems t o  
be as active a sensitizer as the parent compound i t  has beer] 

2 

included i n  the t o t a l  levels and is indeed measured as p a r t  of 
the t o t a l  level w i t h  UV spectrometry. A t  1.5 g n / m 2  a mean 
level o f  54 ug/ml was seen, a t  2 gm/m , 76 ug/m and a t  2.5 
gm/m2, 98 ug/ml . 

2 2 

! 
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Since the curve relating enhancement r a t i o  t o  misonidazole 
concentration i s  steep in i t s  ini t ia l  por t ion  and then bends 
over, there i s  l i t t l e  gain in increasing concentration much 
above 1OU ug/ml . Levels above this  have a1 so been associated 
with higher risks of severe neuropathy. 

1.2 i t  i s  obvious t h a t  misonidazole cannot be administered 
daily w i t h  20 o r  30 fract ions.  On the other hand, i t  i s  clear 
t h a t  up t o  12 adequate doses may be administered over 6 weeks. 

While the OER for photons i s  3.0, t h a t  - f o r  neutrons i s  
approximately 1.6. Animal experinientat ion d a t a  suggests t h a t  
the OER for neutrons can be reduced from the 1.6 level t o  

1.4 Study Rationale. 1 

nearly 1.0 by us ing  the hypoxic cell sensitizers. This phase 
1/11 s t u d y  i s  proposed t o  evaluate the f e a s i b i l i t y  a n d  

t o x i c i t y  of giving six neutron treatments a t  weekly intervals 
preceding each treatment by misonidazole 2.5 gm/m 4 hrs. 
prior t o  the neutron treatment. The incremental neutron dose 

. will be 300 neutron rad. The f i r s t  five doses will include 
the  whole brain while the sixth aose will be aelivered t o  a 
reduced boost volume. Allowing for the differences in bearn 
energy, methods o f  dose measurement, and treatment schedule, 
this dose should be similar t o  1300 Hammersmith rad. 

2 

e ,  

2.0 OBJECTIVES 
2.1 To lay the basis for a randomized phase 111 of misonidazole 

and neutron radiation versus misonidazole and pho ton  
r a d i a t i o n  . 
scheme proposed i n  th is  protocol in tenns o f  acute and la te  

2.2 TO determine the tolerance of the unusual radiation fraction 

normal tissue reaction and damage. 
2.3 To establish t h a t  the tumor clearance rate, disease-free 

0 0  t 5 9 2 b  

interval and local tumor control rate are within the expected 
ranges for mal i g n a n t  91 i Omas . 
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3.0 SELECTION OF PATIENTS AND ELIGIBILITY CRITERIA 
3.1 Eligibil i ty cri teria.  

3.1.1 

3.1.2 
3.1.3 

3.1.4 
3.1.5 

3.1.6 

Hi stol ogical l y  conf i rmed mal i gnan t  gl i oma, grade I I I 
or  IV. 
Tumor must be supratentorial in location. 
All patients in this  study will be over age 18 b u t  

less t h a n  age 70. 
Life expectancy of a t  least four months. 
Karnofsky Performance status equal t o  or greater 

Patients must have a post-surgical , preradi otherapy 
1 - L  t h a n  50% (see Appendix I ) .  

- :'CT scan for identification of extent'of residual 
_ - , - .  .-  .. tumor. 

3.1.7 Signed informed consent indicating awareness of the 
investigational nature of the study.  
form must be i n  keeping with the policies o f  the 
institution and the National Cancer Insti tute (see 
Appendix 11) . 
Functional Class I ,  11, or 111 (see Appendix V ) .  

Patients must have an acceptable neurologic and 
metabolic status for ambulatory treatment a t  the 

The consent 

3.1.8 
3.1.9 

., 

neutron facil i ty.  
Renal function must be adequate with B U N  values 
equal t o  or less t h a n  25 and creatinine equal t o  or 
less t h a n  1.5. 

3.2.0 

3.2 Ineligibil i ty cr i ter ia .  
3.2.1 
3.2.2 Tumor which is  infratentorial i n  origin. 

Glioma, grade I and 11. 

3.2.3 
3.2.4 
3.2.5 

3.2.6 

Prior radiotherapy t o  the brain.  
Any active malignancy in another body s i te .  
Performance status less t h a n  50 on the Karriofsky 
scale; Functional Class IV (see Appendix V ) .  

Age less t h a n  18 or over 70. 
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3.2.7 Prior o r  concurrent chemotherapy. Pre-existing 
vincristine neuropathy o r  other severe drug related 
neuropathies. Concomitant neuropathies of central 
nervous system changes which would preclude the 
evaluation o f  misonidazole effects. 

4.0 PRETREATMENT. EVALUATION 
4.1 General Evalua t ion .  - 

4.1.1 A complete history and physical, including the 
documentation of a1 1 measurable disease i s  
necessary. Special attention should be directed t o  
a careful neurologic examination, including cranial 

- ’ 
- . . nerves, mental status, visual status, peripheral 

reflexes, peripheral sensation, motor activity ana 
cerebellar function. 

CT b r a i n  scan done post surgery b u t  prior t o  the 
4.2 Mandatory Imaging Procedures. 

4.2.1 
start of radiation. 
Necessary iniagi ng and/or contrast studies t o  
optimally define the locat ion and extent of the 
tumor including brain scan, CT scan, echogram, 
cerebral arteriography and/or  a i r  studies, i .e., 

4.2.2 

ventricul ogram, pneunioencephal ogram. 

CBC i ncl udi ng p l  ate1 ets. 
Serum a1 kal ine phosphatase, SGOT, LDH,  total 
protein, a1 bumin ,  BUN, creatinine, b i  1 i rub1 n ,  
calcium, sodium, potassium, phosphorus, t o t a l  
protein, uric acid, or other tes ts  t o  assure 
accept ab1 e 1 i ver and renal f unct i on. 

4 .3  Mandatory Laboratory Procedures. 
4.3.1 
4 .3 .2  

4 .3 .3  Complete urinalysis. . 

of status as per RTOG (see Appendix V ) .  

4.4 Neurologic examination will include functional classification 

. 

! 
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5.0 REGISTRATION 
5.1 There wi l l  be no formal strat  f i c a t i o n  as l o n g  as e l i g i - i l i t y  

and i n e l i g i b i l i t y  c r i t e r i a  a r e  met (see 3.1 and 3.2). 
5.2 The fo l  1 owi ng informati  on on each patient wi 11 be recorded 

i n  de t a i l  for future ana lys i s :  
5.2.1 - Pa t i en t  Name; 
5.2.2 I n s t i t u t i o n ;  
5.2.3 
5.2.4 

5.2.5 S ize  7 volume i n  nun estimated on CAT scan; 

P hy s i c i an ; 
_ _  Location - f r o n t a l ,  p a r i e t a l ,  temporal,  o c c i p i t a l ,  
I central; - ~ ._ - , -  

3- 

5.2.6 Number of lobes and hemispheres involved; 
5.2.7 Extent of resection - biopsy only, p a r t i a l  

ex t i rpa t ion ,  rad ica l  e x t i r p a t i o n ;  
5.2.8 Grade 111 o r  IV, h is to logy;  
5.2.9 

5.3 Patients must be registered prior t o  s t a r t i n g  therapy. 
A pa t i en t  wi l l  be entered i n t o  the study by c a l l i n g  the RTOG 

, Headquarters (215) 574-3191 from 9:OO a.m. - 5:OO p.m., EST. 

After e l i g i b i l i t y  i s  v e r i f i e d ,  the pa t i en t  wi l l  be assigned a 
pro jec t  case number which wi l l  be confinried by n a i l .  

Performance s t a t u s  ( see  Appendix I )  . 

* I  

6.0 TREATMENT 
6.1 Radiation Therapy. 

6.1.1 Patients wi l l  be t r e a t e d  i n  the c u r r e n t l y  a c t i v e  
neutron research faci  1 i t ies  u s i n g  the treatment 
d i s t ances  and energies c u r r e n t l y  ava i l ab le  a t  each 
o f  the i n s t a l l a t i o n s .  
Spec i f i c  simulation is required t o  insure t h a t  the 
e n t i r e  c ran ia l  c0ntent.s are included i n  the 
treatment vol ume. 
cover the c ran ia l  contents w i t h  a 1 cm margin.  A 

f i lm  of each l a t e r a l  portal  must be ootainea and 

provided t o  KTOG Headquarters. Appropriate head 

6.1.2 

The t reatment  portal  s should 

0 0  I 5 9 2 9  
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h o i d i n q  or other immobilization devices should be 
used i n  order t o  insure reproducibility. 
two treatments are t o  a reduced volume including the 
gross disease w i t h  a 1 cm margin. 

the midplane of the skull 
Isodose curves, correction for inhomogeneities and 
off axis corrections are no t  required. 
shall be opposing lateral  po r t a l s  covering the 
cranial contents b u t  avoiding the  o rb i t .  Each 

The las t  

6.1.3 Doses will be specified along the central ax is  in 

6.1.4 
The portal s 

- - -por ta l  mus t  be t rea ted  a t  each treatment session, _ -  

. -  _. except for the boost. 
6.1.5 Dose definition and schedule. 

6.1.5.1 Treatment will be 1 f rac t ion  per week, 300 
neutron rad a t  the midplane of the skull 
delivered w i t h  equal components from each 
la teral  f ie ld  (for the f i r s t  four 
fractions). The final boost may be 
delivered from one or b o t h  sides depending 
on tumor location. 

t o  the whole brain plus two boosts. 

more t h a n  six weeks. The total dose shall 
be 1200 neutron rad whole brain plus 600 
r a d  boost. 

6.1.5.2 The total number of fractions shall be 4 

6.1.5.3 The treatment shall be delivered in no 

6.1.6 No time dose modifications are permitted. 
Occasional del ays because of equi pen t  mal function 
or  transportation diff icul t ies  will permit the  
extension of the overall time t o  six weeks from five 
i f  one fraction i s  logistically not feasible. 

6.1.7 Documentation requirements. After study entry, the 
radiotherapy prescription and a copy of the 
radiotherapy portal film, centra7 ax i s  calculations 
and treatment prescription must be forwarded t o  
RTOG Headquarters w i t h i n  one week. 
completion o f  therapy, the radiotherapy flow sheet 

A t  the 

and a rnnv n f  t h e  hnnct f i l m  m i i c t  a l c n  he cirhrnitted, 



.-. 

.. 

6.2 Chemotherapy Program. 
6.2.1 
6.2.2 

Mi soni dazol e . 
Misonidazole - Ro-07-0582 (1-2 ni t ro-1  imidazolyl-3- 
methoxy -2- propanol) is a 2 ni t ro imidazole  
manufactured by Hoffman LaRoche Inc., Nutley, New 
Jersey and obtained t h r o u g h  the National Cancer 
Insti tute,  Divis ion of Cancer Treatment, (NSC 

" P261037). Drug request  forms (NIH 986) mus t  be 
submitted t o  RTOG Headquarters f o r  approval . .The 
drug is  a v a i l a b l e  a s  500 and 100 mg capsules  t o  be 
taken o r a l l y  a f t e r  a l i g h t  meal . 
6.2.2.1 S t a b i l i t y :  The drug is  s t a b l e  f o r  months. 
6.2.2.2 Pharmacology: The assay f o r  the drug i n  

the blood is a spectro-photometric assay 
or HPLC assay a s  out l ined  i n  Appendix 111. 
All 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  must have a 
re1 i ab1 e assay which has been cal  i brated 
aga ins t  a s tandard curve before  p a t i e n t  

. La. 

- -  

6.1.8 I n s t i t u t i o n a l  requirements. Only neutron f a c i l i t i e s  
a f f i l i a t e d  w i t h  the RTOG a r e  eligible. 
cal i bra ted  t o  measure m i  son ida to l  e 1 eve1 s must be 
avai 1 ab1 e t o  p a r t  ici pants . 

A l abora tory  

entry.  

The dosage of misonidazole employed i n  
this protocol may induce nausea and i n  

6.2.3 Dose Modification and Toxic i ty .  
6.2.3.1 

occasional ca ses ,  vomiting. T h i s  can be 
minimized by adminis t ra t ion  of the drug  
w i t h i n  one-half t o  one hour fol lowing a 
l i g h t  meal. 
symptomatic t rea tment  can be administered 
i n  the form of an t iemet ic  medications,  SO 

long a s  the dose and nature  of these  
medications is documented on the  s tudy 
form. A comparine supposi tory (25 mg 
inserted 2 hrs. before d r u g  

I f  nausea i s  experienced 

- 11 - 
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admin i s t ra t i on )  i s  u s u a l l y  e f fec t i ve .  I f  a 
p a t i e n t  does experience vomiting, t h e  t ime  a f t e r  
t h e  drug dose should be recorded, and whether o r  

not drug i s  l o s t  du r ing  t h e  vomit ing episode. 

Nausea and vomit ing should be r a t e d  on a scale 

o f  0-4 w i t h  t h e  r a t i n g  scale def ined as fo l l ows :  

I 

O =  

- -. . 
. ,. . _ .  . . .  . .  

I .  

0 0  15932 

No vomit ing o r  nausea. 

S1 i g h t  nausea-no vomit i ng . 
Nausea-occasional vomiting. 

Nausea-vanits 1-3 t imes per day. 
Nausea severe and continuous 
w i t h  continuous vomit ing 
r e q u i r i n g  h o s p i t a l i z a t i o n .  

Care must be taken t o  see t h e  p a t i e n t s  do no t  
become dehydrated because o f  nausea r a t i n g s  3 o r  

4, since t h i s  may augment t h e  neuro log ic  
t o x i c i t y  o f  t he  misonidazole. 
be corrected w i t h  appropr ia te f l u i d s  o r  
misonidazole must be stoppea. 

6.2.3.2 Neurologic t o x i c i t y .  Pa t ien ts  may experience 
per iphera l  neurologic t o x i c i t y  as a secondary 
e f f e c t  due t o  misonidazole. 
be r a t e d  on t he  f o l l o w i n g  scales: 

6.2.3.2.1 Per iphera l  nervous system t o x i c i t y  
scale. 

Dehydration must 

The t o x i c i t y  should 

0 = none measurable. 

1 = Decreased DTR's. 
m i l d  pain. 

m i  1 d paresthesia. 
. m i l d  const ipat ion.  

2 = Absent DTR's. 

detectable o r  moderate weakness. 
moderate paresthesia. 
moderate const ipat ion.  

- 12 - 
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3 =  

4 =  

- 

Severe weakness, paresis; cannot 

Severe pain. 
Severe paresthesia. 
Severe obstipation, manageable 

without surgery. 
Paralysis. 
Transverse myelitis. 
Obstipation requi ri  ng surgery. 

squat or  s i t  u p  . in bed unassisted. 

: 

6.2.3.2.2 Central nervous system toxicity scale. 
- .  - 0 = None measurable. 

1 = Transient alteration in mental 
status and/or minimal lethargy. 
Mild or transient alteration in 
cerebellar functions. 

the time or of function. 
A1 terat  i on of motor o r  cerebel 1 a r  
functions, > 50% decrement of 
baseline capabilities. Seizure 
aisorder w h i c h  i s  transient or 
satisfactorily control l e d  by 

medical therapy. 

the time or of functiun. 

2 = Alteration of mental status > 50% of 

3 = Alteration of mental status - < 50% of 

Alteration of motor or cereDellar 
functions, - < 50% decrement of 
baseline capabilities. Seizure 
di sorder not  control 1 ed by medical 
therapy. 

Para1 ysi s . 
Confinement t o  bed due t o  cereuellar 

S t a t u s  epi 1 ept i cus. 

4 .= Comatose. 

dysfunction. 

- 13 - 



... 

c 

. -. 

6.2.3.2.3 Ototoxic i ty .  (Appendix IV f o r  base1 ine 
values)  . 

0 = - < 25 db hearing loss .  

1 = 25-40 db hearing lo s s .  
No d i f f i c u l t y  w i t h  f a i n t  speech. 

D i f f i c u l t y  w i t h  f a i n t  speech only. 
2 = 41-55 db hear ing lo s s .  I 

Frequent d i f f i c u l t y  w i t h  f a i n t  
- - speech. " .  

- . -  
I 

- I 3 = 56-70 d b  hear ing loss. ..- - -  . - - 
Frequent d i f f i c u l t y  w i t h  loud 

- - -  - .. . . -  - . .  
speech. - 

4 = - > 71 db hear ing loss. 
Understands only shouted o r  
amplified speech, i f  any. 

6.2.4 Documentation of Toxic i ty .  All t o x i c i t y  must be ra t ed  a s  
above and recorded on the sensitizer f o m .  The time i n  
r e l a t i o n  t o  drug  adminis t ra t ion  of the  onse t  o f  these 
t o x i c i t i e s  must be recorded. 
medication required because of per ipheral  neuropathy a s  
opposed t o  o the r  pain must be recorded. All  major arugs 
administered must be recorded w i t h  the i r  doses i n  p a r t i c u l a r  

The amount of any ana lges ic  

dexamethazone, phenytoin sodium and any o the r  
a n t i  convul s an t  . 

6.2.5 Dose Modification. The dose of misonidazole ina i ca t ed  i n  
the protocol should not be reduced for nausea o r  v o m i t i n g .  
A t  the f irst  s ign  of any cen t r a l  nervous system e f f e c t s  
thought due t o  misonidazole,  or signs of o t o t o x i c i t y  due t o  
m i  sonidazol e of any grade, the m i  sonidatol  e m u s t  be stopped. 
Radia t ion  should continue as per the protocol and the  
p a t i e n t  w i l l  remain on study. A t  the development of any 
Grade 2 o r  g r e a t e r  per ipheral  neuropathy, misoniaazole 
adminis t ra t ion  shoul d be discont inued , b u t  the pat i eiit 

0 0  15934 - 14 - 



continued i n  the protocol as above. 
withdrawn from misonidazole admini stration because of the 
above, call Dr. Lawrence Davis, Associate Chairman, (215) 
574-3180, or the sensitizer Co-Chairman for toxicity, Dr. 
Todd Wasserman. His number i s  (314) 454-3381. If they 
cannot be reached inform Dr. Theodore L. Phillips, a t  (415) 

If the  patient i s  

666-481 5. 

0 0  I 5 9 3 5  

- 6.2.6 Details of d rug  administration. The drug  shall be given a t  

neutron treatment fo r  a total of 6 doses. Drug shall be 
given af ter  a l ight meal. A compazine suppository of 25 mg 

, shall be -inserted 2 hours before drug administration unless 
the patient has a known allergy o r  reactivity t o  compazine. 
The total  dose of drug administered under th i s  protocol 
should not exceed 15 g/m2. 
The number of  r a d i a t i o n  fractions and the nmber of 
misonidazole doses required by t h i s  protocol must be 
administered unless unacceptable toxicity as l isted 
previously i s  encountered. Additional misonidazole will not 
be given beyond t h a t  specified by the protocol. 
not  responding well should no t  be removed from the study 
prior t o  administration of the prescribed radiation and 
misonidazole dosage unless unacceptable toxicity i s  
encountered, o r  the patient refuses. 
A minimum of two  blood levels are required. 
levels should be obtained 4-6 hours a f te r  the drug 
adminis t ra t ion (at  the time of  radiation) and  a second blood 
level should be obtained 24-28 hours a f te r  drug 
administration. If the 4-6 hour blood level varies from the 
mean by more t h q n  two standard  deviations per the table 
below, then a repeat of the measurement af ter  the next dose 
of Misonidazole must be made. I f  the 24-28 hour 
concentration i s  greater t h a n  25% of the 4-6 hour  
concentration, then a repeat of  both measurements w i t h  the 
next dose o f  Misonidazole must be made. 
measurements confirm the in i t ia l  v a r i a t i o n  of either the 4-6 

7. a dose of 2.5 g/m2 once per week 4-6 hours before the - 
- 

. -  
- 

6.2.7 

Patients 

6.2.8 Init ial  blood 

If the repeat 

1 E  
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7.0 PATHOLOGY - 

hour o r  the 24-28 hour concent ra t ions ,  then t h e  Cochairman 
f o r  sensitizers should  be c a l l e d  f o r  t h e  appropr ia te  dose 
reduction of Mi sonidazol e. 
Re la t ionsh ip  of Dose t o  Mean 4-6 Hour Serum Level 

2 Dose = 2.5 gm/m 

Phase I Phase I1 
No. o f  Doses (Determinations) 43 324 
Mean 4-6 Hr. Serm Level ug/ml 98 83 
+/- Standard Deviat ion 23 29 
Observed Range 35-f48 4-165 

- -  - .  
- .  

I 

’ Does not  a p p l y , t o  th i s  study. 

8.0 PATIENT ASSESSMENTS 
8.1 Patient assessment wil l  include t h e  following: 

8.1.1 Study Parameters. 
Pre- 

Treatment 

History and Physical ( inc luding  
neurological assessments) X 

Karnofsky S t a t u s  X 

Neurological Functional 
C1 a s s i f i c a t i o n  X 

CT Scan X 

CBC, p l a t e l e t s  X 

Urina lys i s  X 

B U N ,  c r e a t i n i n e ,  uric a c i d  X 

SGOT, b i l i r u b i n  X 

Elec t ro ly t e s  X 

w Tota l  Protein,  Albumin a 
cn Misonidazole Serum level  

A1 kal ine  Phosphatase, LDH, 

- 

During Each 
Treatment FOllOw-Up 

X 

a 
X 

X 

a b 

b 

a 

a- b] I f  ind ica ted .  
a )  If receiving misonidazole (see Appendix V f o r  addi t iona l  assessments).  

W 



8.1.2 

8.1.3 

8.1.4 

8.1.5 

8.1.6 
3, 

0 0  t 5 9 3 7  

Mi sonidatole Toxfcfty: The frequency, duration and 
grade of nausea and vomiting occurring in the 
patient will be recorded and evaluated. 
The incidence and degree of peripheral and central 
neurologic tox ic i ty  and ototoxicity will be recorded 
and evaluated as a function of the number of d r u g  
administration, total drug  dose, and plasma levels. 
Mean plasma (4-6 hour) blood levels will be recorded 
f o r  each drug admin i s t r a t ion  and correlated with the 
observed frequency and severity of gastrointestinal 
and neurologic toxicity as well as the drug dose 
administered in terms of mg/m and mg/kg. 
Reactions t o  radiotherapy, b o t h  acute and l a te ,  will 
be recorded and included in the complete toxicity 
evaluation (Appendix IV). Toxicity occurring in any 
organ will be recorded, as will the location of the 
organ (within or outside of the radiation treatment 
vo l  me) . 
Late normal t issue reactions should be recorded a t  
the time of each follow-up according t o  the  scale in 
Appendix VII. 

2 

8.2 Criteria for Tumor Response. 
8.2.1 All neurological exams and -- CT scans are graded by 

comparing the results of the current tes t  w i t h  the 
most recent preceding tes t .  The scale below i s  t o  
be followed: 
-3 Marked Deterioration +3 Marked Improvement 
-2 Definite Deterioration +2 Definite Improvement a~ 

-1 Suspected Deterioration +1 Suspected Improvement 
No change since previous evaluation 

Response i s  defined as definite (+2)  improvement in 
a t  least  one of these two parameters: neurological 
examination and CT scan, provided t h a t  the patient 
i s  on a s tab le  or decreasing dose o f  steroids. 
concomitant increase i n  steroid dose will rule o u t  a 
"response" designation a t  this p o i n t .  
(+1) improvement will not designate response. 

0 
8.2.2 

A 

Suspected 

I . 



8.2.3 Conversely, progressi on i s def i ned as def i nit  e ( -2) 
deterioration in a t  least  one o f  these two 
parameters: neurological exam and CT scan, provided 
t h a t  the patient has no t  had his/her dose of 
steroids decreased since the las t  course of therapy. 
A concomitant decrease in steroid dose will rule ou t  
a "progression" evaluation a t  t h a t  po in t .  Suspected 
(-1) deterioration will not  designate progression. 
Stabilized disease (no change) i s  defined as 
stabil i ty  or suspected (+1 or -1) changes in the 

8.2.4 

t e s t  parameters, o r  improvement i n  one of the 
parameters, and deterioration i n  one parameter. 
Follow-up assessments are t o  be done midway through 
treatment, upon completion of radiotherapy, then 
every three months until death. Patients receiving 
misonidazole are t o  have assessments done prior t o  
each treatment according t o  mi sonidarol e study 
parameters (Appendix VI). Every attempt should be 
made t o  o b t a i n  an autopsy for confirmation of tmor 
types and for studying radiation-sensitizer effects 
on normal brain. 

8.3 Measurement o f  Specific End Points. 
8.3.1 Relapse free interval will be measured from t h e  

f i rs t  day of treatment until deterioration i s  
docmented as defined in 8.2. 

8.2.5 

*. 

8.3 .2  Overall survival will be measured from the f i r s t  day 
of radiotherapy until death. 

9.0 DATA COLLECTION 
9.1 The forms t o  be utilized will be the standard RTOG on s tudy  

fonn, completion of treament and follow-up forms of the 
glioma studies.' A study specific flow sheet for t h e  recording 
of d r u g  admi n i  s t  ration, doses, bl ood 1 evel s and t mor 1 evel s 
are t o  be used. 
should be copied and forwarded to RTOG Headquarters according 
t o  the specified schedule. The completed form will be 
forwarded when al l  o f  the required entries have been made a t  
t h P  w h P d i i 1 e d  times and uDon termination of the study. 

Since th i s  i s  a n  ongoing flow sheet, i t  

: 



9.2 

9.3 

9.4 

9.5 

0 0  1 5 9 3 9  

Data S u bmi ss i o,n . 
On Study Form 
Radiotherapy prescription, commencement of treatment 
Calculations , 1 oca1 i zati on 

Due - Form - 
Within one week of 

film 

Radiotherapy Form 
Treatment Record 
Boost film 

Fol low-up Form 
Sensi t i  zer flow sheet 

Within one month o f  
completion of treatment 

c -  

.--- 
- _  , .  * r  - 

..* - 
--- Midway t h r o u g h  treatment, 

a t  completion of treatment, 
then every 3 months  ana a t  
d e a t h  

The individual laboratories a t  the participating insti tutions 
measuring blood levels by u l  t ra-viol  et  spectrophotometry o f  
high pressure 'I i quid chromatography wi 11 have their  
laboratories calibrated by a sample specimen or set of 
specimens t o  be provided by Dr. Wolfgang Sadee a t  t h e  
University of California, San Francisco. Dr. Sadee's 
laboratory will act as a reference l abora to ry  for this  s tudy 
and will review the abil i ty of the individual laboratories t o  
reproduce drug  1 eve1 measurements. 
a f f i l i a te  members will be calibrated by the laboratory of the 
full member with whom they are associated. 
The radiologic physics center will have reviewed the dosimetry 
of each participant in the study. A17 neurologic reactions Of 

Grade I11 or IV will be reviewed by Dr. Victor Levin, the 
General Neurological consultant t o  the project 
Case hi stories and copies of neurologic examinations recorded 
by the local neurologists should be forwarded t o  RTOG 
Headquarters t o  be reviewed by Dr. Levin in situations i n  
which patients experience a Grade 111 or IV peripheral or 
central nervous system neuropathy. 

The 1 aboratori es of 

t 

- 19 - 
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10 . 0 STAT I ST I CAL CONS I DERAT I ON S 
10.1 This study i s  a non-randomized Phase 1/11 evaluation of the 

combination of misonidazole and neutron radiation for 
mal ignant glioma. 

10.2 In general, 25 patients will be entered into the protocol 
although termination or dose modification may occur earlier i f  
undue taxicity occurs or if response i s  completely beyond the 
limits expected. The protocol will be open t o  a l l  members who 
have approved laboratories for the measurement of mi soniaazol e 
1 eve1 s and who have access t o  neutron treatment faci 1 i t  i es 

Wi th  th i s  sample. size we have a 93% chance of seeing any 
canplication t h a t  occurs one time o u t  of ten. 
have over a 90% chance o f  accepting the treatment for further 

Furthermore, we 

testing if  the actual local control rate of the new treatment 
i s  45% a t  one year and less t h a n  25% chance of further testing 
if the actual control rate a t  one year i s  25%. 

11.0 ADDITIONAL TREATMENT 
11.1 Patients must have a l l  necessary general medical supportive 

I. 

care. 
become dehydrated due t o  vomiting or diarrhea ana t h a t  their  
serum electrolytes remain within acceptable 1 imits. 

Infections are not generally a problem under 
rn i son idazol e admi ni s t ra t i  on . 
treatment as needed b u t  this should be recorded, particularly 
when related t o  peripheral neuropathy. 

develop unacceptable side effects t h a t  cannot be controlled 
with other agents (e.g. antiemet,ics). Should deterioration i n  
hematologic or chemical parameters occur, this  can be 

considered grounds for  removal from the study and cessation of 
drug  administration. Drug neurotoxicity as described 
previously in Class I11 or IV shal l  require t h a t  the patient 
receive no further drug  and be observed fo r  the course of 
toxicity. Yowever, follow-up assessments’ must be submi.tted, 

In particular, care must be taken t h a t  patients do  n o t  

11.2 Infections: 

11.3 Analgesia: Patients should be administered analgesic 

11.4 Patients sha l l  be removed from the study a t  any time if they 

0 0 f 5 9 4 0 .  

.a- 

as requirec, until death.  



11.5 Any patient shall  be removed from the study i f  his overall 
condition, i n  terms o f  general functional status, s h o u l d  
deteriorate without obvious explanation. 
stopped in s u c h  patients and they s h a l l  be evaluated 
individually. 
therefore s h o u l d  be recorded carefully. 
must  be.submitted u n t i l  death. 

The drug sha l l  be 

The t ime  o f  cessation of drug and reasons 
Follow-up assessments 

! 
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APPENDIX 1 

KARNOFSKY PERFORMANCE SCALE 

100 
90 

80 
70 
.. WOrK.  

Normal; no complaints; no evidence of disease. 
Able t o  carry on normal activity; minor signs or symptoms of 
d i  sease. - 

Normal activity with effort;  some sign or symptoms of disease. 
Cares for self ,  unable t o  carry on normal activity or do active 

60 

50 

Requires occasional assistance, b u t  i s  able t o  care for most 
personal needs. 
Requires considerable assistance and frequent medical care. 

4u 
30 

Disabled; requires special care and assistance. 
Severely disabled; h o s p i t a l i z a t i o n  is  indicated, although dea th  
not  imninent. 
Very sick; hospitalization necessary; active support treatment 
i s  necessary. 
Moribund; fatal process progressing rapidly. 

.L 

20 

10 

0 Dead. 
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APPENDIX I1 

CONSENT FORM FOR NEUTRON RADIOTHERAPY AND M I  SONIDAZOLE PROTOCOL 

I understand t h a t  my diagnosis i s  malignant glioma, a brain tumor, and 

t h a t  further treatment i s  recormiended. 
management of cases such as mine would be radiotherapy w i t h  or w i t h o u t  
chemotherapy. 
x-rays. Chemotherapy is  the treatment of tumors by means of chemicals 
which sel ecti vely destroy tumor tissue . 

The s tandard  therapy in the 

Radiotherapy i s  the treatment of tumors by means of 

A. new type of rad ia t ion  called neutrons may improve the chance of 
c o n t r o l l i n g  the tumor a l t h o u g h  the side effects of treatment may be more 
severe. 

Misonidazole i s  a drug which has been found t o  possibly enhance the 
effect of radiotherapy i n  patients with brain tumors such as mine. 
drug is therefore considered t o  be potentially helpful fo r  controlling 
my dise,ase. 

This 

*. 

S i d e  effects w h i c h  may occur are nausea and vomit ing.  
frequently be controlled by anti-nausea medications. 
t r e a t e d  w i t h  Mi sonidazol e some devel oped weakness, numbness and tingl i ng 

in the arms and legs. 
the dosages t o  be given t o  me, I understand these side effects are 
possible. 

Tnese can 
In  par;ients 

A l t h o u g h  these side effects may not  occur witn 

These side effects are usually mild and reversible. 

I understand t h a t  Mi sonidazol e has been approved for  investigational use 
in human beings by the Food and Drug Administration. No guarantee or 
assurance has been made as t o  the results , t h a t  may be obtained, since 
i nvesti g a t i  onal results cannot be fully foreseen. 

! 
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As part of the eva lua t ion  o f  Misonidazole and my therapy,  I wi l l  permit 
my doctors  or their  designated nurses t o  withdraw samples of my blood 
during the Misonidazole course. Poss ib le  side effects inc lude  minimal 
d i  scanfor t  from venipuncture and poss ib le  hematoma ("bl ack and bl ue" 
mark). On the days o f  Misonidazole inges t ion  two samples of blood wi l l  
be required.  Each sample wi l l  amount t o  l e s s  than 2 teaspoons. 

: 

Neutron radiotherapy i n  the doses and schedule t o  be given t o  me have 
been modified t o  take best advantage of the effects of Misonidazole. 
Side effects include ha i r  loss, reddening of the skin, poss ib l e  nausea, 
headaches and fatigue.  

1,understand I will be t r e a t e d  w i t h  neutron radiotherapy and 

Misonidazole. 
control  of my tumor and pro1 ongation o f  1 ife.  

I understand t h a t  t h e  poss ib le  b e n e f i t s  are shr inkage and 

This hospt ia 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 f o r  any t reatment  d i s a b i l i t y  incurred a s  a result of 
p a r t i c i p a t i n g  i n  this research,  

' e ,  

I have discussed the above information w i t h  
and he/she has agreed 'to answer any quest ions I may have concerning th i s  
treatment program and the methods a v a i l a b l e  for treatment o f  my disease .  
I understand a1 ternate forms of therapy incl  ude conventional 
radiotherapy a1 one or conventional radiotherapy and chemotherapy. 

8 0  I 5 9 4 5  - 2 5 - '  



-- 

I have reviewed the foregoing statements and understand them. 
understand t h a t  I am free t o  withdraw from this treatment program a t  any 
time without penalty or prejudice. 
treatment eval uation. 

I 

I agree t o  participate in this  

(Physician' s signature) (Patient's signature) 
. 

. .  -.. 
. .  

. .. 

(Date) (Date) 

(witness' s signature) 

.L 

(Date) 

0 0 1  5 9 4 b  

(Responsible party i f  p a t i e n t  
is unable  t o  give consent) 

~~~~ ~~ ~ 

(Date) (Relationship) 
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A P P ~ N D I X  I I I  

UV SPECTROPHOTOMETRY METHODS 

. .  

A. Whole Blood 
1. 

c 

2. 

c 

3. 

4.  

5, 

6. 

7.  

0 0 1 5 9 4 7  

Blood is drawn i n  a red t o p  tube and allowed t o  clot. 

A hematocrit must be performed on the specific blood sample for  
use i n  future correction o f  the results. 

a. 1 cc of whole blood a t  room temperature i s  placed i n  9 cc 
of ethanol and allowed t o  s tand  f o r  15 minutes. 

The mixture i s  centrifuged a t  2500 x g for 10 minutes. 

The opt ica l  density o f  the supernatant i s  measured a t  318-325 
run. 
a t  the peak o f  spectrophotometric absorption o f  a s tandard  
sample. 

The exact value should be established for each laboratory 

The reading for a control blood sample handled in the same 
manner i s  subtracted from i t .  

Using th is  method, a standard curve i s  set u p  by placing 
various quantities from 50 t o  1000 M of Ro-07-0582 in the blood 
prior t o  preparation. 
then canpared t o  the reading of the unknown t o  determine the 
quantity o f  Ro-07-0582 i n  the sample. 

The readings of  the s t anda rd  curve are 

Since the hematocrit will somewhat change the reading, a 
correction curve 'for the hematocrit of the blood used m u s t  be 

generated, and this  correction applied if the hematocrit of the 
standard is different from t h a t  of the tes t  sample. 
be avoided if a sample of the patient's blood is  available just 
before drug  administration for use as a control. 

T h i s  can 

- 27 - 



8. Tissue Determinations 

1. Samples o f  0.5 t o  1 gm of tissue are minced with scissors in 9 

(o r  4.5) cc o f  ethanol, 
allowed t o  drain from the sample before preparation; then loose 
blood should be blotted from the surface. 

As much blood as possible should be 

. .  . 

w 

2. 

3. 

Samples should be allowed t o  s t a n d  for one t o  two hours. 

Samples are then centrifuged a t  2400 x g for 10 minutes. 

The optical density of the supernatant is  measured a t  318-325 
nm. 

. .  
~ - 7  

- -  - -.- - . - -  _ .  
--- - ~ __ ____ . .  

4. __  .. . .  - -  
- 

The exact value should be established f o r  each 
1 aboratory a t  the peak of spectrophotometric absorption of a 
s t a n d a r d  sample. 

5. The background reading of a control t issue sample i s  
subtracted fran the reading .  

*, 
6. A standard curve is set up i n  t he  manner similar t o  t h a t  for 

blood and used t o  determine the exact level i n  the unknown 
sarnpl e. 

: 

0 0  I 5 9 4 8  - 28 - 



l r  I i  i;c I 



.- I .  

APPENDIX V I  
MISONIDAZOLE PHASE € I  PROTOCOLS 

Study Parameters t o  be Recorded on Flow Sheet 

A t  each dose A t  l a s t  dose A t  each 
. Parameter On Study M i  sonidazol e M i  sonidazol e Fol1 ow-up v i  s i t  

Ua te  X X x X 
X X X 
X X X 

! 
Weight X 
K a p o f s k y  Scale X 

- - X X Radiat ion Dose 

01 
9 
cn 
a 

X X 

X X 
Size I n d i c a t o r  Lesion X 
C1 i n i c a l  Diagram o r  X 

Photo 

Local Disease Status X 
To ta l  Disease Status X 
Nausea & Vomit ing 
Neuro tox i c i t y  
Anti emet i cs 
Anal gesi cs 
Peak Serum Level 

H CTI H st!. 
wtjc 

P 1 ate1 e ts  

Ca+ 

BUN 
U r i c  Acid 
To ta l  P r o t e i n  
A1 bumi n X 
B i l i r u b i n  X 

A1 k a l  i ne Phosphatase X 
LDH X 

SGOT X 
Creat i n i  ne x .  
Na+ X 
K+ X 

X 
X 

a. A f t e r  f i r s t  misonidazole dose. 
b. I f  ind i ca ted  or every 6 months. 

- 
X 

X 

X 

X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

X 
X 

X 

X 

X 
X 

b 

b 
b 

b 

b 

b 
b 

b 
b 

b 
b 

b 

b 

I> 
b 
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APPENDIX v 

F U N  CT I 0 NAL CLASS I F I CAT I O N  

Class  I Able t o  work o r  t o  perform normal a c t i v i t i e s .  

Class I1 Able t o  ca r ry  o u t  normal ac t iv i t ies  w i t h  minimal 
d i f f i c u l t y .  
n u r s i n g  ca re  or hosp i t a l i za t ion .  

Neurologic impairment does n o t  r equ i r e  

Class I11 Ser ious ly  1 imited i n  performing normal a c t i v i t i e s .  
Requiring nursing care  or hosp i t a l i za t ion .  
confined t o  bed or wheelchair ,  or has s i g n i f i c a n t  
i ntell ec tua l  impai rment . 

Patient  

Class IV Unable t o  perform even minimal nornial a c t i v i t i e s )  
requi res  constant nursing care  and feeding. 
unable t o  communicate o r  i n  coma. 

P a t i e n t  

t ,  

I 

0 0  1595 I 
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Appendi;c VI1 
RTWEORTC Late Radiation Morbidity Scoring Scheme 

lOnC 

- 
bne 

- 
bne 

. -  

lone 

- 
Yone 

- 
None 

- 
None 

- 
None 

ione 
- 

- 
lone 

3 Severe 4~ifemeatening 9 
krted a t rophy  I U l c e r a t i o n  I 

? Mild 
' R i g n t  a t rophy  
P l p e n t a t l o n  change 
Some h a i r  loss 

Yone 

- 
Nane 

- 
None 

- 
None 

None 

- 
,Yone 

- 
None 

Cross t e l  a n q i k t a s i a  

Seve re  f n d u r a t l o n  and l o s s  
of subcutaneous t i  s s u e  
F f e l d  c o n t r a c t u r e  
> 10': 1 i n e a r  measurement 

Marked a t rophy  w i t h  
complete  d ryness  
Severe tel ang f c t a S  i a 

Cmpl ete d r y n e s s  
No rcsponse on 
s t l m l a t i o n  

Ob jec t ive  ncurol og lca l  

cord 1 eve1 t r e a t e d  

Severe headache 
Seve re  CW dys func t lon  

o r  d y s k l n c s l a )  

Severe k e r a t f t i s  
Severe r e t i n o p a t h y  o r  
detachnewt 
Seve re  glaucoma 

Severe edema 
Severe  chandr l  t i  s 

Severe  s y m p t m a t i c  
fibrosis o r  pneunon i t i s  
Dense r a d i o g r a p h i c  changes 

f i n d i n g s  a t  o r  below 

( p a r t i a l  loss o f  pomr 

Necrosis 

U1 c e r a  t f on 

Nrcrosi s 

%no o r  p a r a  
quddri  pl Cgf a 

S e i z u r e s  o r  
Pa r  a 1 y s  i s 
C a M  

Panophthalmi ti S 
81 indness  

I Narosi s 

Severe  r e s p i r a t o r y  
i n su f f  i c i ency 
Cant lnuous oxflcrr 
As si  sted vent  i 1 a t i  on 

\ 

ESOPHAGUS 

SMALL/(ARGE 
I U E S T I N E  

L: VER 

KIDNEY 

RLROOER 

O b s t r u c t i o n  o r  b l eed ing  
requiring su rge ry  

Necrosis  
P e r f o r a t i o n ,  Fi s:ul a 

Edema o r  a s c i t e s  

Severe a l b u n i n u r i a  
Seve re  hype r t ens ion  
P e r s i s t e n t  anenia  ( <  10s) 
Severe  r ena l  f a i  1 u r e  
Urea > 60 m g ,  
C r e a t i n i n e  > 4.0 mgr 
C r e a t i n i n e  C lea rance  < 50% 

Severe frequency & d y s u r i a  
Seve re  gene ra l  i ted 
t e l a n g i e c z a s i a  ( o f t e n  w i t h  
p e t e c h i a e ) .  F reauen t  
hematuria .  Reduction i n  
b l adde r  c a o a c i t y  ( <  150 c c )  

Severe pa in  or t ende rness  
tomolere  e r r e s t  bone growth 
Dense bone s c l e r o s i s  

xa1 ionant hyoer t ens ion  1 
Uremic coma ' 

Urea > 100 m g r  

Necrosis 
t o n t r a c z e d  Bladder  
( c a p a c i t y  < 100 c c )  
Severe hemorrhagic 
C y S t l t l S  

I 

Nurosi s 
Spontanegus f r a c t u r e  

2 Moderate 
Patchy aeropny 
W e r a t e  tel a n g i u t a s i a  
Total  h a i r  l o s s  

W e r a t e  f i b r o s i s  b u t  
a s p p t m a t l c  
S l i g h t  W e l d  c o n t r a c t u r e  
(< 10% l i n e a r  r e d u c t i o n )  

p"" 
Sl f g h t  i n d u r a t l o n  
( f i b r o s i s )  and loss O f  
subcutaneous f a t  

~~ 

M e r a t e  a t rophy  and 
tel  a n g l e c t a s i a  
L i t t l e  mucus 

S l i g h t  a t rophy  and 
dryness  

SALIVARY 
GUnDS t SPIMI. CORD 

Moderate d r y n e s s  
Poor nspansa on 
s t i m u l a t i o n  

S l i g h t  dr).ness of mouth 
Good response on 
s t l m u l a t l o n  

Hlld  L ' H e r m l t t e ' s  
smd- 

Rl ld  headache 
'3 I g h t  l e t h a r g y  

n o d e r a t e  headache 
t r e a t  lethargy 

MIhIN 

EYE 

w m x  

LUNG 

"EAR T 

Asymptmtic c a t a r a c t  
Rfnor  corneal  u l c e r a t t o n  
or k e r a t i t i s  

Symptcmrtic c a t a r a c t  
Moderate cornea! u l c e r a t t o n  
Minor r e t f n o p a t h y  o r  ' 

g l  a u c m a  

. W e r a t e  a r y t e n o i d  edw 
C h o n d r i t i s  

Moderate s m t a n a t f c  
f ibrosis o r  p n e u n o n i t f s  
( s e v e r e  cough)  Low grade  
f eve r .  Patchy radio- 
g r a p h i c  appearances 

Hoarseness  
S l i g h t  a r y t e n o i d  edcmd 
- 

A s y m p t m t i c  o r  mild 
symptoms ( d r y  cough) 
S l i g h t  r a d i o g r a p h i c  
appearances 

d s y m p t m a t i c  o r  mi ld  
symptoms 
T r a n s i e n t  T wave 
i n v e r s i o n  and ST changes 
Sinus t a c h y c a r d i a  > 110 
( a t  rest) 

-~ ~~ ~ 

b d e r a t e  angina of effort  
Mild pericarditis 
Rnnal h e a r t  size 
P e r s i s t e n t  rbnonnrl  i t y  
T wave and ST changes 
Low ORs 

Unable t o  t a k e  s o l i d  food 
normally 
Sua 1 T oui ng s m i - z o l  f d ' food 
D i l a t a t i o n  m y  be i n d i c a t e d  

f l i l d  f ibrosis  
51 i g h t  d i f f i c u l t y  i n  
sua1 1 owi ng sol  i d s  
No pain on swallowing 

Moderate d i  a r r h e a  and co l  I C  
Bowel movement > 5 times 
d a i l y .  Excessive r e c t a l  
mucus o r  i n t e r m i t t e n t  
bl  eed i ng 

Moderate SymofmS 
Sare abnormal l l v e r  
f u n c t i o n  tests 
S e r m  a l b m i n  normal 

Y i  1 d d i a r r h e a  
% I d  cramoing. Rowel 
movment  < 5 times d a i l y .  
S l i g h t  r ?c t a l  d i s c h a r g e  
o r  b l eed ing  

~~ ~ 

9 l l d  l a s s i t u d e .  nausea 
dyspeps ia  
S l i g h t l y  abnonnal l i v e r  
f u n c t i o n  

Trans i en t  d l  b u n i n u r i a  
No hyper t ens ion  
Nfld impairment renal ;  
f u n c t i o n  
Urea 25-35 mg% 
C r e a t i n i n e  1.5-2.0 
t r e a t f n i n e  CTtarance > 752 

P e r s i s t e n t  moderate  
a l b u n i n u r i a  (2.) 
Y i l d  hypertension.  SO 
re1 a t e d  anemia. Moderate 
i m p a i n e n t  r ena l  f u n c t f o n  
Urea > i6-60 
C r e a t i n i n e  2.5-4.9 mg%. 
C r e a t i n i n e  C lea rance  (50-74'2) 

Moderate f requency 
Genera l i zed  t e l a n g i e c t a s i a  
I n t e r m i t t e n t  macroscopic 
hma t ur i a 

~~ 

51 i g h t  e m t h e l  l a1  a t rophy  
Minor t c l  a n g i e c t a s i a  
(mic roscop ic  h m a t u r i  a 1 

Moderate p a i n  o r  t ende rness  
R e t a r d a t l o n  of growth 
I r r e g u l a r  bone s c l e r o s i s  

,%derate $ti f f n e s s  
I n t e r m i t t e n t  o r  moderate  
j o i n t  pa in  
M e r a t e  1 i m i t a t i o n  of 
movement . 

Asympranatic 
NO growth r e t a r d a t i o n  
ileduced bone d e n s i t y  

Yild j o i n t  s t i f f n e s s  
SI i g h t  1 i m i t a t i o n  of 
movement 09 I 5 9 5 2  


