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Benzyl Acetate. D r .  Hook, Chairperson, reviewed the two previous ac t ions  
by the  Peer Review Panel on the  d r a f t s  o f  the  techn ica l  r e p o r t  on the carc ino-  
genesis studies of benzyl acetate. The i n i t i a l  r e p o r t  was reviewed and approved 
by the  Panel du r ing  t h e i r  meeting i n  June 1982, and, a f t e r  modi f i ca t ions ,  was 
again reviewed and approved (by mai 1 and, telephone) i n  JanuaryIFebruary 1983. 
Background: Subsequently, NTP s t a f f  met w i t h  representat ives o f  the  Flavor  
and Ex t rac t  Manufacturers Assoc ia t ion  (FEMA) and Fragrance Mate r ia l s  Associat ion 
(FMA) on February 24; 1983, i n  Bethesda, Maryland. The purpose o f  the  meeting 
was t o  discuss the  NTP benzyl aceta te  d r a f t  r e p o r t  and o ther  issues pe r ta in ing  
t o  a l l  NTP d r a f t  repor ts .  Present f o r  NTP were Drs. D. R a l l ,  J. Moore, J .  Huf f  
and D. Canter, wh i l e  present f o r  FEMAIFMA were D r .  R. L. Ha l l ,  M r .  E. G r i san t i ,  
M r .  D. Thompson, and D r .  L. Golberg. The NTP o f f e r e d  FEMA/FMA the oppor tun i ty  
t o  present w r i t t e n  documentation o f  t h e i r  concerns about the  conclusions o f  the 
benzyl acetate repor t ,  t o  meet w i t h  NTP s c i e n t i f i c  s t a f f ,  and t o  come before the 
Peer Review Panel i n  June 1983. On May 1, FEMAIFMA submitted t o  the  NTP an 
80-page document responding t o  the techn ica l  repo r t .  NTP s c i e n t i f i c  s t a f f  
(Drs. K. Abdo, G. Boorman, J  . Haseman, J. Huf f ,  E. McConnell and J. Moore) met 
w i  t h  s c i e n t i s t s  represent ing FEMAIFMA (Drs. B. Bernard, L. Go1 berg and 
P. Newberne) on May 2 t o  discuss the  document, and on May 6, copies o f  the  
document along w i t h  copies o f  the  rev ised techn ica l  r e p o r t  were mai led by NTP 
t o  the Peer Review Panel. On June 3, the  NTP sent t o  Panel members a 15 p o i n t  
response t o  the FEMAIFMA document; copies o f  l e t t e r s  t o  NTP from former Panel 
members Drs. N. Breslow and F. Mi rer ,  who expressed general support f o r  the  con- 
c lus ions  i n  the cu r ren t  d r a f t  repo r t ,  al though Dr .  M i r e r  bel ieved the  conclus ion 
fo r  the male r a t  pancreas data t o  be understated; a l e t t e r  f rom FEMA t o  the  Panel; 
and a l e t t e r  t o  NTP from D r .  R. E. Landers, CPC I n t e r n a t i o n a l .  Add i t iona l  ma te r ia l  
received from FEMA/FMA was sent  t o  Panel members, de l i ve red  t o  t h e i r  ho te l  the  
n i g h t  before the June 29 meeting, and handed ou t  a t  the  meeting. 

A t  the  meeting on June 29, 1983, D r .  B. Bernard, FEMA, and two consul tants 
represent ing FEMAIFMA, M r .  N. Mantel and D r .  C.  Weil, made presentat ions t o  
the Panel t o  support t h e i r  view t h a t  the  benzyl acetate study was an inadequate 
study o f  ca rc inogen ic i t y  because o f  major qua1 i t a t i v e  o r  q u a n t i t a t i v e  1 i m i  t a -  
t ions ,  and thus, could n o t  be i n t e r p r e t e d  as v a l i d  f o r  showing e i t h e r  the  
presence o r  absence o f  a carcinogenic e f f e c t .  The i r  p o s i t i o n  was t h a t :  (1) i n  
male F344/N r a t s ,  t he  confounding v a r i a b l e  o f  corn o i l  gavage leaves causation 
o f  pancreat ic  ac inar  c e l l  adenomas unclear ;  (2 )  i n  female B6C3F1 mice, i n t e r -  
cur rent  i n f e c t i o n  and o ther  study f a c t o r s  resu l ted  i n  excessive non-random 
deaths, g reater  than 50% i n  both c o n t r o l  and low-dose groups, thus excluding 
ana lys is  o f  the poss ib le  assoc ia t ion  o f  benzyl acetate w i t h  increased incidence 
o f  l i v e r  adenomas; and ( 3 )  i n  male B6C3F1 mice, the  incidence o f  l i v e r  adenomas 
i n  the corn o i  1 con t ro l s  was unusual ly  low when compared w i t h  h i s t o r i c a l  corn 
o i l  o r  untreated c o n t r o l s  o r  concurrent untreated con t ro l s  such t h a t  incidence 
of l i v e r  adenmas i n  benzyl aceta te  dose groups f e l l  w i t h i n  the  range o f  
h i s t o r i c a l  c o n t r o l  values. D r .  Bernard recommended t h a t  changes be made i n  the 
conclusion o f  t he  r e p o r t  t o  r e f l e c t  what they had presented. 

Two o f  the Panel members who served as p r i n c i p a l  reviewers o f  the  benzyl 
acetate r e p o r t  i n  June 1982 responded: D r .  R. M. E lashof f  ( b i o s t a t i s t i c i a n )  
and D r .  J. M. Hol land (pa tho log is t ) .  D r .  E lashof f  sa id  t h a t  t o  h i s  knowledge 
there are no data  a v a i l a b l e  showing a synergism between corn o i l  and benzyl 



acetate i n  produci ng tumors. He s ta ted t h a t  the  apparent genet ic  i nhomogenei ty 
f o r  the  B6C3F1 mice i s  l i k e l y  t o  lead t o  an increase i n  the  f a l s e  negative 
d i rec t i on ,  no t  i n  t h e . f a l s e  p o s i t i v e  r a t e .  D r .  E lashof f  had a number o f  comments 
on issues o f  experimental design and s t a t i s t i c a l  analyses. He emphasized t h a t  
t he  concurrent v e h i c l e  c o n t r o l  group was always the  most appropr iate c o n t r o l  
group f o r  any study, no t  the  untreated con t ro l s  (which were s a c r i f i c e d  a t  weeks 
53 t o  55, too e a r l y  t o  provide meaningful data on tumor inc idence) o r  h i s t o r i c  
cont ro ls .  Further,  i f  one considered the  incidence o f  combined adenomas and 
carcinomas i n  male mice i n  t h i s  study and i n  h i s t o r i c a l  con t ro l s  rece iv ing  
corn o i l  by gavage there  was considerable v a r i a b i l i t y  among groups. He sa id  the 
h igh  v a r i a b i l i t y  i n  the  presence o f  inhomogeneity made i t  d i f f i c u l t  t o  l a b e l  
any of the  con t ro l  groups as aberrant,  and s t rong ly  favored the  use o f  con- 
cu r ren t  con t ro l  s ra.ther than h i s t o r i c a l  con t ro l  s f o r  comparison w i  t h  t rea ted 
groups. With regard t o  female mice, a1 though there  was decreased su rv i va l ,  
t he  s t a t i s t i c a l  t e s t s  which a d j u s t  f o r  decreased su rv i va l ,  l i f e  t a b l e  and i n c i -  
denta l  tumor analyses, show s ign i f i cance.  For both male and female mice w i t h  
respect  t o  l i v e r  adenomas alone o r  adenomas and carcinomas combined, there were 
dose-response trends and veh ic le  c o n t r o l  vs. h igh  dose e f f e c t s .  He f e l t  t h a t  
the  consistency of the  e f f e c t  i n  both male and female mice supported the  b i o -  
l o g i c a l  s ign i f i cance  o f  the  increased l i v e r  tumor incidence, and he s ta ted 
t h a t  he approved o f  t he  conclusions i n  the  cu r ren t  d r a f t  techn ica l  r e p o r t .  

D r .  Hol land sa id  he d i d  no t  be l i eve  there  were any substant ive e r r o r s  i n  
the data t h a t  would i n f l uence  i n t e r p r e t a t i o n .  He thought the  issue o f  the  low 
l i v e r  tumor frequencies i n  the  concurrent male mice veh ic le  con t ro l s  was indeed 
worthy o f  d iscussion and t h a t  t h i s  important  t o p i c  had been addressed adequately 
by D r .  E lashof f .  He suggested the  use o f  confidence i n t e r v a l s  w i t h  h i s t o r i c a l  
con t ro l s  might  a l l ow  the  reader a b e t t e r  awareness f o r  any degree o f  v a r i a b i l i t y .  
He sa id  the techn ica l  r e p o r t  needed t o  b e t t e r  r e f l e c t  the d i f f e rences  i n  i n t e r p r e -  
t a t i o n  ra i sed  by the  FEMA/FMA pos i t ions ,  and the responses by the  NTP t o  those 
i n t e r p r e t a t i o n s .  He concluded t h a t  the  cu r ren t  d r a f t  r e p o r t  should be accepted i n  
i t s  present form. 

D r .  Swenberg proposed using the  new NTP categor ies f o r  descr ib ing  the degrees 
o f  evidence which had been sent t o  the  Panel p r i o r  t o  the meeting (see Attachment). 
Based on the low incidences i n  male mouse veh ic le  con t ro l s  and the  general con- 
t roversy  o f  v a r i a b i l i t y  i n  male B6C3Fl mouse l i v e r  tumors, he proposed t h a t  the 
evidence was equivocal f o r  ca rc inogen ic i t y  i n  mice. D r .  Van Ryzin suggested 
the  h i s t o r i c  c o n t r o l s  should be used i n  analyzing the  mouse data. D r .  Davis 
asked t h a t  increases i n  non-neoplast ic e f f e c t s  i n  mice be discussed. D r .  F r iess  
sa id  the  Panel needed t o  reach some consensus on a number o f  the  issues ra i sed  
inc lud ing  s u r v i v a l  and hea l th  s ta tus  i n  mice and the occurrence and i n t e r p r e -  
t a t i o n s  o f  1 i v e r  1 esions; appropriateness o f  h i s t o r i c a l  vs . concurrent veh ic le  
cont ro ls ;  and s t a t i s t i c a l  issues. D r .  Davis disagreed t h a t  concensus was 
required, and, f u r t h e r ,  was u n l i k e l y  g iven the  uncer ta in t i es  discussed. D r .  Scala 
noted three issues he considered most important:  s u r v i v a l  i n  mice, corn o i l  
gavage as an in f l uenc ing  f a c t o r ,  and the  complex o f  s t a t i s t i c a l  considerat ions.  

D r .  Hook asked f o r  a motion t o  ( 1 )  accept the d r a f t  techn ica l  r e p o r t  as 
w r i t t e n ,  ( 2 )  modify the  conclusions us ing  the  new categories, o r  ( 3 )  send the  
r e p o r t  back t o  NTP for  f u r t h e r  rev i s ions .  Dr. Swenberg moved t h a t  the  conclus ion 
be modi f ied t o  r e f l e c t  the  new categor ies;  he suggested t h a t  the  evidence was 
equivocal f o r  both the  r a t  pancreat ic  tumors and the  mouse l i v e r  les ions.  
D r .  Be l iczky  seconded the  motion. Before asking f o r  a Pane1 vote, D r .  Hook 



sa id  the  rev ised r e p o r t  should inc lude d iscussion r e f l e c t i n g  the divergence o f  
opi n i  ons , an i n d i c a t i o n  of the ex ten t  o f  the  record reviewed and submissions 
by FEMA/FMA, and a d e f i n i t i o n  o f  t he  new categor ies descr ib ing  weight o f  evidence 
i n  the  Note t o  Reader sec t ion  o f  t h i s  and a l l  f u t u r e  techn ica l  repo r t s .  

D r .  Bernard was g iven an oppor tun i ty  t o  address the Panel and he r e i t e r a t e d  
several o f  the p o i n t s  made e a r l i e r  by the FEMA/FMA consul tants.  He sa id  one 
could no t  ignore the  s t a t i s t i c a l  d i f f e rences  seen i n  male mice between concurrent 
veh ic le  and h i s t o r i c a l  veh ic le  con t ro l s  t h a t  along w i t h  the  incidence o f  l i v e r  
adenomas i n  the concurrent untreated con t ro l s  d i d  n o t  support the low r a t e s  
i n  the  concurrent veh ic le  con t ro l  values. Thus, he sa id  the  evidence supported 
an equivocal f i n d i n g .  Dr. F r iess  i n t e r p r e t e d  the studies i n  mice as showing a 
marginal increase i n  neoplasms. "Marginal" needed t o  be emphasized t o  r e f l e c t  
the  uncer ta in t i es  i n  the  data  and the  d i f f e r i n g  opinions on the  conclusions. 
D r .  Huf f ,  NTP, s a i d  t h a t  when 1 i v e r  adenomas and carcinomas i n  male mice are 
combi ned, the  evidence f o r  ca rc inogen ic i t y  i s  strengthened. The r a t e  f o r  com- 
bined tumors i n  veh ic le  con t ro l s  i s  n o t  d i f f e r e n t  from h i s t o r i c  ra tes  f o r  combined 
tumors i n  male mice. D r .  Swenberg noted t h a t  there  was no d i f f e r e n c e  i n  ra tes  o f  
hepatoce l lu la r  carcinomas i n  h igh  dose male mice compared t o  h i s t o r i c a l  con t ro l  
mice a t  t i l e  same labora tory .  A f t e r  f u r t h e r  discussion, Dr. Hook requested a vote: 
the  motion f o r  "equivocal evidence o f  ca rc inogen ic i t y "  was voted on by the  Panel 
and r e j e c t e d  by 4 Yes/6 No votes. 

There then ensued d iscuss ion t h a t  t he  mouse data supported "some evidence 
o f  carc inogen ic i ty "  . D r .  E lashof f  supported t h i s  no t i ng  the s i g n i f i c a n t l y  i n -  
creased incidence i n  both male and female mice f o r  both adenomas and combined 
adenomas and carcinomas as we l l  as genera l ly  a dose-response e f f e c t  when compared 
t o  veh ic le  con t ro l s .  D r .  Slaga agreed. 

D r .  Davis moved t h a t  t h e  conclusion be accepted s t a t i n g  there  i s  "some 
evidence o f  carc inogen ic i ty " ,  and w i t h  an addendum r e f l e c t i n g  the d iscussion 
inc lud ing  d iscuss ion o f  t he  reproduct ive- re la ted les ions .  D r .  Be l iczky  seconded 
the  motion. There was some discussion as t o  whether the  untreated con t ro l  group 
should be inc luded s ince i t  was considered inappropr ia te  t o  compare tumor i n c i -  
dences i n  one and two year s tudies.  This should be s ta ted  i n  the techn ica l  r e p o r t  
exp la in ing  t h a t  a program dec is ion  was made t o  terminate a number o f  untreated 
con t ro l  groups. The f a c t  t h a t  the untreated con t ro l s  had l i v e r  tumors diagnosed 
a t  t he  one year s a c r i f i c e  date served t o  f u r t h e r  h i g h l i g h t  the  lower than usual 
ra tes  i n  the  concurrent veh ic le  con t ro l  mice. The Panel agreed t h a t  the  motion 
r e f e r r e d  on ly  t o  the  f i n d i n g s  i n  B6C3F1 mice; the  r a t  data were no t  a t  issue. 

D r .  Hook asked t h a t  the  conclus ion t o  be voted on be read, and i s  as fo l l ows :  
"Under these condi t ions,  benzyl acetate caused an increased incidence o f  ac inar -  
c e l l  adenomas o f  the  exocr ine pancreas i n  male F344/N r a t s ;  the gavage veh ic le  
may have been a c o n t r i b u t i n g  f a c t o r .  No evidence o f  ca rc inogen ic i t y  was found 
f o r  female F344/N r a t s .  For male and female B6C3F1 mice there  was some e v i -  
dence o f  ca rc inogen ic i t y  i n  t h a t  benzyl acetate caused increased incidences o f  
hepatoce l lu la r  adenomas." D r .  Swenberg pointed out  t h a t  t he  conclusion i n  male 
mice was based on a comparison w i t h  concurrent veh ic le  con t ro l s .  Dr. Hook sa id  
a l l  t he  concerns as discussed w i l l  be added t o  the  repor t .  

The techn ica l  r e p o r t  on benzyl acetate w i t h  the conclusions as read was 
approved by e i g h t  a f f i rmat ive  votes. There were two negat ive votes (Dr. Scala 
and D r .  Swenberg) . 



1,2-Dichloropropane (DCP). D r .  Be l iczky  was a p r i n c i p a l  reviewer f o r  the 
techn ica l  r e p o r t  on the  carcinogenesis s tud ies  o f  1,2-dichloropropane. The r e -  
p o r t  had been reviewed prev ious iy  on 'February 28, 1983, bu t  was defer red f o r  
rev i s ion .  The conc1usions of the  rev ised r e p o r t  are: "Under the cond i t ions  o f  
these s tud ies  there  was some evidence o f  ca rc inogen ic i t y  f o r  male and female 
B6C3F1 mice, s ince 1 ,2-di chloropropane caused an increased i ncidence o f  
hepatocel l u l  a r  adenomas. For female r a t s  there  was equivocal evidence of 
ca rc inogen ic i t y  i n  t h a t  1,2-dichloropropane caused a marg ina l ly  increased i n c i -  
dence o f  adenocarcinomas i n  the mamnary gland, concurrent w i t h  decreased sur- 
v i v a l  and body weight ga in  i n d i c a t i n g  t h a t  the 250 mg/kg dose was t o x i c .  There 
was no evidence o f  ca rc inogen ic i t y  f o r  male F344/N r a t s . "  D r .  Be l iczky  agreed 
w i t h  the  conclusions; i n  the  new categor ies o f  evidence he considered the 
connotat ion o f  "some evidence" t o  be negat ive and s a i d  the  "some" should be 
e l  iminated. He s a i d  t h a t  i n  re t rospect ,  . t he  s e l e c t i o n  o f  a more representa t ive  
h igh  dose might have r e s u l t e d  i n  more d e f i n i t i v e  conclusions. He sa id  there  was 
no quest ion t h a t  1,2-dichloropropane i s  t o x i c  t o  the l i v e r ,  and the judgment as 
t o  whether o r  n o t  DCP i s  a complete animal carcinogen depends on i t s  a c t i o n  .as 
a promoting agent. 

As a second p r i n c i p a l  reviewer, Dr .  Swenberg agreed w i t h  the conclusions 
w i t h  minor rewording o f  the  nex t - to - l as t  sentence. He noted the experimental 
design was appropr iate except f o r  excessive t o x i c i t y  i n  the h igh  dose r a t s .  He 
sa id  mention should be made i n  the  techn ica l  r e p o r t  t h a t  the animals had t i t e r s  
t o  numerous pathogenic organisms even though the  s i g n i f i c a n c e  o f  the f i n d i n g s  
remains unknown. He submitted a computer search 1 i s t i n g  from the Nat ional  
L i b r a r y  o f  Medicine t h a t  contained references showing t h a t  s t ress  can in f l uence  
(both  increase and decrease) the  inc idence o f  manmary tumors . Where appropri  a te  
these c i t a t i o n s  should be added t o  the  techn ica l  repo r t .  

As a t h i r d  p r i n c i p a l  reviewer, D r .  F r iess  s ta ted he agreed w i t h  the conclu- 
sions w i t h i n  the  framework o f  the  new categor ies f o r  s t rength  o f  evidence r e c e n t l y  
de f ined by the  NTP (see Attachment). He expressed concern about the 1 ow 
su rv i va l  i n  h igh  dose female r a t s  al though he could accept the  data  as adjusted 
f o r  su rv i va l  by the  l i f e  t a b l e  and inc iden ta l  tumor t e s t s .  

I n  discussions from the  f l o o r ,  D r .  T. Torkelson, Dow Chemical USA, sa id  
the  cu r ren t  d r a f t  was much improved over the February d r a f t .  The i r  major concern 
was t h a t  t i le  mutagenesis data were overstated. 

D r .  Davis s a i d  the  dose r e l a t e d  increases i n  hematopoiesis i n  female r a t s  
and mi'ce should be mentioned i n  the  tex t ,  and, i n  general, non-neoplast ic e f f e c t s  
should be inc luded i n  the  abst rac t .  Dr .  F r iess  asked whether NTP plans t o  focus 
more a t t e n t i o n  on chron ic  t o x i c i t y .  D r .  Moore, NTP, s a i d  yes, bu t  NTP had been 
1 i m i  t ed  u n t i  1 .now by t h e  uneven qua1 i ty o f  t he  non-tumor data, and where accept- 
ab le  t o  the Program these data w i l l  cont inue t o  be included. 

D r .  J. Lamb, NTP Chemical Manager, s a i d  the  concerns about h igh  m o r t a l i t y  
i n  female r a t s  were r e f l e c t e d  i n  the  dec is ion  t o  descr ibe the f i n d i n g s  as 
equivocal evidence. He agreed t h a t  DCP was a hepatotoxin bu t  d i d  no t  be l i eve  
the conclusions were dependent on whether o r  n o t  one considers DCP t o  be a 
promoter. D r .  Moore s a i d  t h a t  s ince the  l i v e r , w a s  a t a r g e t  organ f o r  neop las t ic  
and non-neoplastic e f fec ts  i n  mice the  hepato tox ic i  ty data would be inc luded i n  
the  abstract .  



There was considerable discus ion  as t o  what should be the minimum surv iva l  
i n  animal groups f o r  a study t o  be considered adequate. D r .  Hook noted there 
seemed t o  be a consensus on the Pa e l  f o r  development o f  guide1 ines i n  the area. 
D r .  Huff, NTP, sa id  a d r a f t  ,workin paper was i n  preparation. D r .  Swenberg 
said the new categories descr i  bing the strength o f  evidence f o r  carc inogenic i ty  
should be displayed i n  the f r o n t  o each technical  report .  (They w i l l  be given 
i n  the Note-to-Reader sect ion o f  e ch technical  report .  ) 

D r .  Bel iczky moved t h a t  the t on the carcinogenesis studies 
o f  1,2-dichloropropane be accepted discussed and w i t h  i nc l u -  
s ion of the d e f i n i t i o n s  o f  the new D r .  Swenberg seconded the motion 
and the technical  r epo r t  was appro by the Peer Review Panel. 



agreed e s s e n t i a l l y  w i t h  the conclu ions; "Under the cond i t ions  of these studies,  
there was some evidence o f  carc ino  e n i c i t y  i n  male r a t s ,  s ince f l uo resce in  
sodium caused increased incidences o f  i s l e t  c e l l  carcinomas and i s l e t  c e l l  
hyperpl as ia  , adenomas, o r  c a r c i  nom s (combined) of the pancreas; su rv i va l  o f  
high-dose male r a t s  was decreased. There was no evidence o f  ca rc inogen ic i t y  i n  
female F344/N r a t s  o r  i n  female B6 3F mice; su rv i va l  i n  high-dose female r a t s  
was decreased. The experiment i n  i g  k -dose male B6C3F1 mice was an inadequate 
study o f  ca rc inogen ic i t y  because o s i g n i f i c a n t  decreases i n  su rv i va l .  The 
incidence o f  nephros i s was i ncreas d i n  male and female r a t s  and mice; m i n e r a l i -  
za t i on  o f  the  kidney tubules was i creased i n  male r a t s  and mice." D r .  Davis 
suggested adding in format ion  t h a t  enal m ine ra l i za t i on  was dose-related f o r  
male r a t s ,  w i t h  s i g n i f i c a n t  i nc rea  es i n  h igh  dose male mice; nephrosis was a l so  
dose-related f o r  female and male m ce, w i t h  s i g n i f i c a n t  increases i n  high-dose 
male and female r a t s .  Further,  t rena l  t ubu la r  c e l l  adenocarcinomas i n  low 
dose male mice do prov ide some i n  c a t i o n  o f  ca rc inogen ic i t y  i n  male mice. The 
d iscussion o f  the nephrotoxic i  t y  ou ld  be quan t i f i ed .  D r .  Scala agreed w i t h  
D r .  Davis t h a t  t he  d iscussion o f  e kidney e f f e c t s  should be strengthened. 
As w i t h  the  other  repor ts ,  D r .  Da s sa id  in format ion  on behaviora l  e f f e c t s  should 
be included. 

Fluorescein Sodium ( C . I .  Ac id 
f o r  the  techn ica l  r e p o r t  on the 

As a second p r i n c i p a l  reviewe , D r .  Scala sa id  the  composition o f  the tes ted 
chemical came from two l o t s  t h a t  r e  considerably d i f f e r e n t .  The Panel discussed 
the  use o f  two d i f f e r e n t  grades o f l uo resce in  sodium f o r  the chronic studies.  
D r .  J. Mennear, NTP Chemical Mana r, s a i d  t h i s  occurred because the Uni ted 
States Pharmacopeia-grade mater ia were used more r a p i d l y  than a n t i c i p a t e d  and a 
suf f ic l ient  amount o f  t h i s  grade w apparent ly  n o t  ava i lab le ;  thus, the techn ica l  
grade was subs t i t u ted  f o r  t he  rem nder o f  the  study. D r .  Hol land s ta ted  t h a t  
there  should be an e x p l i c i t  s t a t e  t i n  the abs t rac t  t h a t  f o r  the  major p a r t  
of the  104 week study techn ica l  g e f l uo resce in  sodium was used. The p u r i t y  
should be c l e a r l y  i nd i ca ted  and m r contaminants g iven i f  known. D r .  B. Schwetz, 
NTP, and D r .  Harper wondered whet the use o f  two grades o f  f l uo resce in  sodium 
affected the  adequacy o f  the  stud The Panel agreed t h a t  the study could be 
in te rp re ted  a1 though the  f a c t  o f  grades o f  ma te r ia l  and t h e i r  p u r i t i e s  needed 
t o  be h igh l i gh ted  i n  the  repor t .  . J. Huf f ,  NTP, s a i d  the techn ica l  r e p o r t  
t i t l e  would r e f l e c t  the  use o f  t rades w i t h  percent  p u r i t y  o f  each. 

Yellow 73).  D r .  Davis, a p r i n c i p a l  reviewer 
ca-cinogenesis s tud ies  o f  f l uo resce in  sodium, 

D r .  Scala thought the  on o f  pancreat ic  les ions  could be misleading; 
the  carcinoma e f f e c t s  were r t a n t  ones wh i l e  the  carcinoma/adenoma o r  
c a r c i  nonoma/adenoma/hyperpl b i  n a t i  ons were posi  t i v e  because o f  the carcinoma 
response. D r .  Swenberg had d the  s l i d e s  o f  the  pancreat ic  l es ions  from 
con t ro l  and h igh  dose male h D r .  Boorman. D r .  Swenberg sa id  there  were 
fewer carcinomas than the  o r i g i n a l  d r a f t  r e p o r t  and these were 
low grade. He a tu re  o f  the  les ions  should be noted. (ED - 
The. f ina1 r e p o r t  gnosis o f  the  pancreat ic  les ions . )  D r .  Boorman, 
NTP, and D r .  Huff ese les ions  represented progressions i n  the 
carcinogenesis t e r  combined. 

As a t h i r d  p r i n c i p a l  rev iewer Dr .  E lasho f f  was concerned about the two l o t s  
of chemical and by the  poor s u r v i v  1, espec ia l l y  i n  high-dose male mice and 
female r a t s .  He considered the  ev dence f o r  ca rc inogen ic i t y  i n  male r a t s  more 
c l o s e l y  f i t  the equivocal category 1 



D r .  Scala moved t ha t  the tech i c a l  repor t  on the carcinogenesis studies o f  
f luorescein sodium be accepted w i t  the statement t ha t  the evidence f o r  carcino- 
gen ic i t y  was equivocal; and t ha t  t e  p u r i t y  of the mater ia ls should be given i n  
the abstract. D r .  Elashoff  second d  the motion and the technical  repor t  was 
approved unanimously by the Peer R 



G i  lsoni te .  Dr. Friess, a principal reviewer for  the carcinogenesis technical 
report on gi lsoni te ,  agreed w i t h  the conclusion that :  "Under the conditions of 
these studies,  there was no evidence of carcinogenicity i n  F344/N r a t s  or B6C3F1 
mice given gi lsoni te  in the d i e t  a t  20,000 or 40,000 ppm fo r  103 weeks." In 
view of the poorly defined nature of th i s  natural asphaltic substance, he in- 
quired whether any information was available on components of the mixture, whether 
these were leachable in biological f lu ids ,  identifiable,  and might be involved 
i n  the reversible l iver  changes in mice. Dr. J .  Chu,  NTP Chemical Manager, said 
no leachability studies had been done or were contemplated. 

As a second principal reviewer, Dr. Van Ryzin agreed w i t h  the conclusion 
and said the report was well written. As a third principal reviewer, Dr. Holland 
a lso  agreed w i t h  the conclusions. He said that  given the very low incidence of 
renal neoplasms in historical controls (0.29%), in contrast with the dosed 
animals i n  the present study (2.17%), more mention of th i s  should be made. The 
ensuing discussion indicated that  these represent single tumor occurrences in the 
low and high dosed groups. Moreover, there was no evidence of non-neoplastic 
kidney toxicity.  

Dr. Friess moved tha t  the technical report on the carcinogenesis studies of 
gi lsoni te  be accepted w i t h  the minor revisions indicated. Dr. Van Ryzin seconded 
the motion and the technical report was approved by nine affirmative votes with 
one abstention (Dr. Holland). 



Monuron. D r .  Davis, a p r i n c i p a l  reviewer f o r  the techn ica l  r e p o r t  on . the 
carcinogenesi s s tud ies  of monuron, agreed w i  t h  the conclus ion t h a t :  "Under the 
cond i t ions  o f  these studies, t he re  was c l e a r  evidence o f  carc inogen ic i ty  f o r  
male F344/N r a t s  i n  t h a t  monuron caused an increased incidence o f  t ubu la r  c e l l  
adenocarcinomas o f  t he  kidney, tubu la r  c e l l  adenomas o f  t he  kidney, and 
neop las t ic  nodules o f  t he  1 i v e r .  Monuron induced cytomegaly o f  the  rena l  t ubu la r  
e p i t h e l i a l  c e l l s  i n  both male and female F344/N r a t s .  There was no evidence o f  
ca rc inogen ic i t y  f o r  female F344/N r a t s  o r  f o r  male and female B6C3F1 mice." 
D r .  Davis requested t h a t  t he  observat ions on chromosomal damage i n  cu l tu red  
Chinese hamster ovary c e l l  s and reproduct ive  t r a c t  damage i n  female mice be 
inc luded i n  the  abstract .  She commented t h a t  the reasons g iven f o r  weight l oss  
i n  mice were speculat ions. She asked f o r  any a v a i l a b l e  in format ion  on behavior 
t o  be inc luded r o u t i n e l y  i n  the  techn ica l  repor ts ,  even i f  anecdotal o r  c l i n i c a l .  

As a second p r i n c i p a l  reviewer, D r .  Slaga agreed i n  p r i n c i p l e  w i t h  the con- 
c lus ions  b u t  thought more emphasis should be g iven t o  the  subcutaneous tumors 
i n  the low-dose group o f  male mice. He sa id  t h a t  w i t h  the two doses used a 
dose-response may have been missed. As a t h i r d  p r i n c i p a l  reviewer, Dr .  Van Ryzin 
sa id  the evidence f o r  l i v e r  neop las t ic  l es ions  i n  male r a t s  would be strengthened 
by c i t i n g  "neop las t ic  nodules o r  carcinomas". He sa id  the  comparative s t a t i s t i c a l  
analyses were considerably more s i g n i f i c a n t  f o r  the  combined tumors. D r .  D. Goldman, 
NTP Chemical Manager, rep1 i e d  t h a t  the  combined tumors would be shown i n  the  con- 
c lus ion.  Dr .  Van Ryzin a l s o  asked f o r  an expanded d iscuss ion o f  the P values 
f o r  the  rena l  tumors. 

D r .  F r i ess  asked f o r  an expanded discussion o f  the rena l  t ubu la r  c e l l  adeno- 
carcinomas suggesting t h i s  may be a l e s i o n  t h a t  could be unique t o  the  male 
F344/N r a t .  D r .  E. McConnell, NTP, responded t h a t  the  l e s i o n  might be unique 
t o  male r a t s  b u t  no t  j u s t  t o  F ischer s t r a i n .  An NTP study has shown occurrence 
o f  these tumors i n  f o u r  o ther  r a t  s t r a i n s .  D r .  Scala expressed concern over 
the f l u c t u a t i o n s  i n  animal room temperature, and the low r e l a t i v e  humidity.  He 
asked the  NTP t o  i n v e s t i g a t e  the  impact o f  these var iab les  on o v e r a l l  animal 
s t ress  and hea l th  us ing  a v a i l a b l e  l i t e r a t u r e .  D r .  Scala commented on the 
negative tumor incidences. 

D r .  Davis moved t h a t  t he  techn ica l  r e p o r t  on the carcinogenesis s tud ies  o f  
monuron be accepted w i t h  suggested rev i s ions .  D r .  Van Ryzin seconded the motion 
and the  techn ica l  r e p o r t  was approved unanimously by the Peer Review Panel. 



Propylene. D r .  Swenberg, a p r inc ipa l  reviewer f o r  the technical  repor t  
on the carcinogenesis studies of propylene, agreed w i t h  the conclusions tha t :  
"Under the condi t ions of these studies, there was no evidence o f  carc inogenic i ty  
i n  F344/N r a t s  or  B6C3F mice exposed t o  propylene by inha la t ion  a t  concentrations 
o f  5,000 o r  10,000 ppm # or  103 weeks. I n  male and female r a t s  propylene induced 
squamous metaplasi a and ep i  t he l  i a l  hyperplasia o f  the resp i ra to ry  epi  the l  ium 
i n  the nasal cavi ty."  He described a number o f  correct ions,  many o f  them 
intended t o  elaborate on o r  c l a r i f y ' p a t h o l o g i c  changes. He noted some var ia t ions  
i n  inha la t ion  exposures dur ing the f i r s t  year. 

As a second p r i nc i pa l  reviewer, D r .  Scala agreed w i t h  the conclusions. He 
said t ha t  more a t t en t i on  should be given t o  safety considerations owing t o  the 
explosive propert ies o f  propylene. More informat ion on t o x i c i t y  would enhance 
the discussion as contrasted w i t h  the lack o f  carc inogenic i ty .  As a t h i r d  p r i n c i -  
pa l  reviewer, D r .  Bel iczky a lso  agreed w i t h  the conclusions and he wondered 
whether the increased incidence o f  foca l  inflammation o f  the kidneys i n  mice 
might not  have been re l a ted  t o  the experimental use o f  propylene oxide dur ing 
the studies and/or biotransformation o f  propylene t o  the epoxide. Dr .  Scala sa id  
there were ongoing studies using hemoglobin a1 ky l a t i on  as a marker i n  humans 
exposed t o  propylene and propylene oxide. D r .  J. Quest, NTP Chemical Manager, 
said t ha t  the renal  e f f ec t s  were increased i n  t reated groups; y e t  the b i o l og i -  
cal  importance was unknown. D r .  Davis asked whether behavioral a c t i v i t i e s  had 
been evaluated i n  view o f  the possib le anesthetic e f f ec t s  a t  the high 'concentration. 
D r .  Quest rep1 ied  t h a t  none were recorded, o r  s p e c i f i c a l l y  requested. 

D r .  Swenberg moved t h a t  the technical  r epo r t  on the carcinogenesis studies 
o f  propylene be accepted w i t h  changes discussed. D r .  Scala seconded the motion 
and the technical  r epo r t  was approved unanimously by the Peer Review Panel. 



Propylene Oxide. Dr. Holland, a p r i n c i p a l  reviewer f o r  the techn ica l  
r e p o r t  on the  carcinogenesis studies of propylene oxide, agreed i n  essence w i t h  
the  conclusions tha t :  "Under the  cond i t ions  o f  these studies, there  was some 
evidence o f  ca rc inogen ic i t y  f o r  F3441N r a t s ,  as ind ica ted by increased incidences 
of p a p i l l a r y  adenomas o f  the  nasal t u rb ina tes  i n  male and female r a t s  exposed t o  
propylene oxide a t  the  400 ppm l e v e l .  For male and female B6C3F1 mice, there 
was c l e a r  evidence o f  ca rc inogen ic i t y  i n  t h a t  propylene oxide caused hemangiomas 
o r  hemangiosarcomas o f  t he  nasal t u rb ina tes  a t  the 400 pprn concentrat ion. I n  
the  r e s p i r a t o r y  ep i the l ium o f  the  nasal tu rb ina tes ,  propylene oxide a l so  caused 
suppurat ive inflammation, hyperplasia, and squamous metaplasia i n  r a t s  and 
inf lammation i n  mice." He questioned whether propylene oxide "caused" hemangiomas 
and hemangiosarcomas i n  mice, and said, "associated w i t h "  the increased incidences 
would be p re fe r red  wording. Given .the s t rong i r r i t a n t  p roper t i es  o f  the chemical , 
tumor formation could be through i n d i r e c t  mechanisms. D r .  F r i ess  supported the  
content ion o f  D r .  Hol land t h a t  t he  i nduc t ion  o f  nasal hemangiomas and hemangiosar- 
comas could be s a i d  t o  be associated w i t h  chemical exposure but  n o t  caused 
consider ing the  evidence. He suggested a l s o  t h a t  the  tumors may have a r i sen  from 
an a c t i o n  secondary t o  i r r i t a t i o n ,  an a c t i o n  expressed on ly  above a threshold 
l e v e l .  D r .  Swenberg s ta ted  t h a t  these types o f  vascular tumors are  so r a r e  t h a t  
he agreed there  was c lea r  evidence o f  ca rc inogen ic i t y  as stated.  D r .  G. Boorman, 
NTP Chemical Manager, noted t h a t  we do no t  know the mechanisms f o r  most chemical 
carcinogens. Further,  there  i s  evidence by others t h a t  propylene oxide i s  a 
s i t e - s p e c i f i c  carcinogen. D r .  Hol land recommended t h a t  P values f o r  assessing 
s ign i f i cance o f  su rv i va l  between con t ro l  and t rea ted groups should be summarized 
i n  the technical  repo r t .  D r .  Haseman, NTP, i nd i ca ted  t h i s  would be done i n  the  
f u t u r e .  

As a second p r i n c i p a l  reviewer, D r .  Slaga agreed w i t h  the conclusions but  
requested more d iscussion as t o  why the  increased incidence o f  adenomas and 
carcinomas o f  the  t h y r o i d  i n  r a t s  was n o t  considered chemical l y  re la ted .  
D r .  Boorman sa id  t h e  t h y r o i d  C-cel l  l es ions  were discounted because the neo- 
plasms were s t a t i s t i c a l l y  s i g n i f i c a n t  on l y  when combined, there  was a negative 
t rend fo r  hyperplasias, and there  i s  n o t  evidence o r  r a t i o n a l e  f o r  C-ce l ls  
being a t a r g e t  t issue.  

As a t h i r d  p r i n c i p a l  reviewer, D r .  Harper agreed w i t h  the  conclusions, and 
agreed t h a t  the  s ign i f i cance  o f  d i f f e rences  i n  su rv i va l  should be added r o u t i n e l y  
t o  the techn ica l  repo r t s .  

D r .  Davis noted t h a t  propylene oxide i s  an a l k y l a t i n g  agent and i s  mutagenic, 
and reques ted - tha t  non-tumor data be g iven more prominent treatment. D r .  Scala 
emphasized the  temperature f l u c t u a t i o n s  which occurred i n  the  i n h a l a t i o n  
chambers and the  v a r i a t i o n s  i n  the  concentrat ions o f  propylene oxide i n  the 
chamber which r e f l e c t e d  both over and underexposure, and which could temper the 
conclusions a t t r i b u t i n g  a carc inogenic e f f e c t  t o  a p a r t i c u l a r  dose concentrat ion.  
D r .  Boorman rep1 i e d  t h a t  there  were on ly  th ree accidenta l  overexposures, the 
longest  of which was 38 minutes, and he d i d  n o t  t h i n k  t h a t  would i n v a l i d a t e  the 
study. D r .  Scala agreed. 

D r .  Hol land moved t h a t  t he  techn ica l  r e p o r t  on the  carcinogenesis studies 
o f  propylene oxide be accepted w i t h  the  r e v i s i o n s  discussed. D r .  H a r ~ e r  seconded 
the  motion and the  techn ice l  r e p o r t  was approved unanimously by the peer ~ e v i e w  
Panel. 
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TO Peer Reviewpanel  Members 

For several  years the Technical Reports Review S t a f f ,  NIEHS, has attempted t o  
develop and use language t h a t  would descr ibe the i n t e r p r e t a t i v e  conclusions 
about ca rc inogen ic i t y  resu l t s .  These f i v e  ca tegor ies  have been adopted f o r  
use i n  the  Technical Reports se r i es  t o  s p e c i f i c a l l y  emphasize consis tency and 
the  concept of actual  evidence o f  carc inogen ic i ty .  

@ Clear  Evidence o f  Carc inogen ic i t y  i s  demonstrated by s tud ies  t h a t  are 
i n t e r p r e t e d  as showing a  chemica l ly - re la ted  increased inc idence o f  
mal ignant  neoplasms, s tud ies  t h a t  e x h i b i t  a  s u b s t a n t i a l l y  increased 
inc idence o f  benign neoplasms, o r  s tud ies  t h a t  e x h i b i t  an increased 
inc idence of a  combination o f  mal ignant  and benign neoplasms where 
each increases w i t h  dose. 

8 Some Evidence of Carc inogen ic i t y  i s  demonstrated by s tud ies  t h a t  are 
i n t e r p r e t e d  as showing a  chemica l ly - re la ted  increased inc idence o f  
benign neoplasms, s tud ies  t h a t  e x h i b i t  marginal  increases i n  neoplasms 
of several  organs/t issues, o r  s tud ies  t h a t  e x h i b i t  a  s l i g h t  increase 
i n  uncommon ma1 ignant  o r  benign neoplasms. 

0 Equivocal Evidence of Carc inogen ic i t y  i s  demonstrated by s tud ies  t h a t  
are i n t e r p r e t e d  as showing a  marginal  increase o f  neoplasms. 

a No Evidence o f  Carc inogen ic i t y  i s  demonstrated by s tud ies  t h a t  
a re  i n t e r p r e t e d  as showing no chemica l ly - re la ted  increases i n  
mal ignant  o r  benign neoplasms. 

0 Inadequate Study o f  Ca rc inogen ic i t y  demonstrates t h a t  because o f  major 

q u a l i t a t i v e  o r  q u a n t i t a t i v e  l i m i t a t i o n s  the  s tud ies  cannot be 
i n t e r p r e t e d  as v a l i d  f o r  showing e i t h e r  t h e  presence o r  absence o f  a  
carc inogenic e f fec t .  

For each d e f i n i t i v e  study r e s u l t  (male ra t s ,  female ra t s ,  male mice, female 
- mice) one o f  the above q u i n t e t  w i l l  be se lec ted  t o  descr ibe the  f ind ings.  

These ca tegor ies  r e f e r  t o  the  s t reng th  o f  the  experimental  evidence and n o t  
t o  e i t h e r  potency o r  mechanism. These explanat ions would be given i n  the  
Note-to- the-Reader Sect ion o f  each Techn i c a l  Report. 



Peer Review Panel Members 

I n  a d d i t i o n  and s i nce  t h e  "bottom l i n e "  conc lus ions  a re  o f t e n  used s o l i -  
t a r i l y ,  a  s i n g l e  sentence can be added t o  repea t  t he  exper imenta l  cond i t i ons .  
As a  c u r r e n t  example, t he  i n t e r p r e t i v e  conc lus ions  d i c t a t e d  by t he  benzy l  
ace ta te  carc inogenesis  s t u d i e s  would read: 

Benzyl ace ta te  was admin is tered i n  corn  o i l  by  gavage t o  F344/N r a t s  
(0, 250, o r  500 mg/Kg body we igh t )  and t o  B6C3F1 mice (0, 500, o r  1000 
mg/Kg b.w.) f i v e  t imes per  week f o r  103 weeks. Under these con- 
d i t i o n s ,  benzyl  ace ta te  caused an increased inc idence  o f  ac i na r  c e l l  
adenomas o f  the  exoc r i ne  pancreas i n  male F344/N r a t s ;  t h e  gavage 
v e h i c l e  may have been a  c o n t r i b u t i n g  f a c t o r .  No evidence o f  ca r -  
c i n o g e n i c i t y  was found f o r  female F344/N r a t s .  For male and female 
B6C3F1 mice t h e r e  was some evidence o f  c a r c i n o g e n i c i t y ,  i n  t h a t  benzy l  
ace ta te  caused increased inc idences o f  h e p a t o c e l l u l a r  adenomas. 

Con t ras t  t h i s  ve rs i on  w i t h  t he  p rev ious  statement: 

Under t he  c o n d i t i o n s  o f  these s tud ies ,  benzyl  ace ta te  should be con- 
s i de red  carc inogen ic  f o r  male and female B6C3F1 mice, caus ing 
increased inc idences o f  hepa toce l l  u l  a r  adenomas. Benzyl ace ta te  a1 so 
caused an increased inc idence  o f  ac i na r  c e l l  adenomas o f  t h e  pancreas 
i n  male F344/N r a t s ;  t h e  v e h i c l e  may have been a  c o n t r i b u t i n g  f a c t o r .  
For  female F344/N r a t s  t h e r e  was no evidence o f  c a r c i n o g e n i c i t y .  

A d d i t i o n a l l y ,  we have adopted t he  f o l l o w i n g  concepts (as pa t t e rned  from t h e  
I A R C  Monographs) t o  g i v e  f u r t h e r  c l a r i f i c a t i o n  o f  these impor tan t  issues. 
Th i s  w i l l  be added t o  t he  Note-to-the-Reader: 

The term chemical  ca rc inoqenes is  g e n e r a l l y  means t h e  i n d u c t i o n  by  che- 
m i c a l s  o f  neoplasms n o t  u s u a l l y  observed, t he  e a r l i e r  i n d u c t i o n  by 
chemicals o f  neoplasms t h a t  a re  commonly observed, o r  t h e  i n d u c t i o n  by 
chemicals of more neoplasms than are u s u a l l y  found. D i f f e ren t  mecha- 
nisms may be i nvo l ved  i n  these t h r e e  s i t u a t i o n s .  E t ymo log i ca l l y ,  t he  
term carc inogenes is  means t h e  i n d u c t i o n  of cancer, t h a t  i s ,  o f  
ma l ignan t  neoplasms; however, t he  commonly accepted meaning i s  t h e  
i n d u c t i o n  of va r i ous  types of neoplasms o r  of a  combinat ion o f  
ma l ignan t  and benign neoplasms. I n  t he  Techn ica l  Repor ts  t he  words 
tumor and neoplasm are  used in terchangeably .  

These f i v e  ca tego r i es  o f  evidence have been used t o  desc r i be  t h e  conc lus ions  
reached i n  t h e  Techn ica l  Repor ts  scheduled f o r  Peer Review on 29 June. We 
f i n d  them use fu l .  We hope these terms w i l l  a s s i s t  you i n  your  rev iew o f  t h i s  
l a t e s t  s e t  o f  Reports. 


