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You asked us to eva luate the thoroughness of the invest igat iona l rev iew of 
the bov i ne growth hormone products submitted to the Food and Drug 
Admin istrat ion (FDA) for its approva l. The safety and eff icacy of 
recomb inant bov i ne growth hormone (rBGH) products deve l oped to 

Page 1 GAO/PEMD-92-26 FDA’s Rev i ew of Recomb i nant Bov i ne Growth Hormone 



B-248 4 6 0  

i n crease c ow m i l k  product i on have been quest i o ned b y  a number of 
i nd i v i dua l s and groups.’ S ome  have noted that the i ntroduct i on of a 
b i otechno l og i ca l l y  eng i neered product into the food supp l y  of the 
Amer i c a n  c o n s umer cou l d  be a threat to h uman  hea l th, wh i l e  others are 
concerned about the an ima l  safety effects and eff i cacy of the drug. 
Proponents of the use of rBGH be l i e ve that it w i l l  i n crease the quant i ty of 
m i l k  produced b y  c ows w ithout endanger i ng h uman s  or an ima l s . W e  have 
comp l e t ed our eva l uat i on of the rBGH rev i ew and present w ith i n th i s report 
our f i nd i ngs, conc l u s i o ns, and recommendat i o n s.2 

Background T h e  FDA has approved the use of rBGH for research on l y, and has a l s o 
a l l owed the sa l e  and consumpt i o n  of m i l k  and beef products from 
rBGH-treated c ows dur i ng the i nvest i gat i ona l  process. If approved for 
c ommerc i a l  use, th i s b i otechno l og i ca l l y  eng i neered an ima l  drug w i l l  b e  
a l l owed to ga i n w i despread adopt i on w ith i n the U.S. marketp l a ce. 

In its natura l l y occurr i ng state, BGH is a prote in produced i n the p itu itary 
g l a nd of a l l  catt le. It i s a somatotrop i n, or growth hormone, that he l p s to 
coord i nate h ow energy from feed i s norma l l y  a l l o cated w ith i n a c ow’s body 
to meet  its phys i c a l  n e eds and to produce m i l k . BGH can be produced 
synthet i ca l l y  us i n g recomb i n ant DNA techno l ogy. S i n c e  both natura l BGH 
(nBGH) and ~BGH have been s h own in severa l  stud i es to i ncrease m i l k  
product i on i n catt le, rBGH is be i n g i ntroduced to improve the eff i c i ency and 
l ower the cost of m i l k  product i on. 

Drugs for use i n a n ima l s  are approved b y  FDA’s Center for Veter i nary 
Med i c i n e  b y  way  of two d i st i nct app l i cat i ons. Sponsors mus t  fust subm i t  to 
the Center an i nvest i gat i ona l  n ew an ima l  drug app l i c at i on that out l i n es the 
way  they w i l l  c onduct the ir i nvest i gat i ona l  research i n the areas of h uman  
food safety, an ima l  safety, and drug eff i cacy. After th i s app l i c at i on h as 6 
been approved and the stud i es have been comp l e ted, the sponsor then 
requests f ina l approva l  to market the drug b y  subm i tt i n g a n ew an ima l  drug 
app l i cat i on. Th i s  s e cond app l i c at i on cons i s ts of a comp i l a t i o n of certa i n 
i nvest i gat i ona l  stud i e s-known as p i vota l  stud i es-that have been 

‘In th i s report, we  u s e  three terms assoc i a ted w ith bov i n e  growth h o rmone.  Recomb i n a n t  bov i n e  
growth h o rmon e  ( rBGH) is a  b i otechno l og i ca l l y  e n g i n e e red product, s ome  formu l at i o ns of wh i c h  are 
u n d e r  product rev i ew by  the FDA. Natura l . bov i n e growth h o rmon e  ( nBGH) is a  natura l  b ov i n e  
h o rmone.  T h e  term BGH is u s e d  gener i ca l l y  i n d i s cuss i o ns that app l y  to both recomb i n a nt a n d  natura l  BGH. 

2 T h e  terms “rBGH rev i ew” or “rBGH invest i gat i ona l  r ev i ew” are u s e d  throughout th i i report to me a n  
both the i nvest i gat i ona l  work  conducted b y  rBGH product sponsors a n d  the work conducted b y  the 
FDA in rev i ew i ng the rBGH drug app l i c at i ons. 
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comp l e t ed b y  the sponsors to s h ow the safety and eff i cacy of the proposed 
product. 

T h e  Center ma k e s  two bas i c  dec i s i o ns dur i ng its rev i ew. F irst, ear l y i n the 
i nvest i gat i ona l  phase, it determ i nes whether food products from the target 
an ima l  are safe for h uman  consumpt i o n. Th i s  conc l u s i o n a l l ows market i n g 
of food products from tested an ima l s  dur i ng the i nvest i gat i ona l  phase. 
Second, and later i n the i nvest i gat i ona l  phase, dec i s i o ns are ma d e  as  to (1) 
whether the drug i s effect i ve for its i ntended use, (2) whether it i s safe for 
the target an ima l ,  (3) whether the drug product i on process can re l i ab l y 
generate a product that meet s  the exact formu l at i on proposed, and (4) 
whether the drug poses an env i r onmenta l  threat. 

A  sponsor of a n ew an ima l  drug w i l l  often f irst subm i t  protoco l s (research 
des i gns) to the FDA’S Center for Veter i nary Med i c i n e  for the p i vota l  stud i es 
it w i l l  b e  conduct i n g to demonstrate that the drug i s safe and effect ive. T h e  
sponsor i s under no ob l i gat i on to subm i t  the protoco l s to the Center before 
conduct i n g the p i vota l  stud i es, but it i s often i n the sponsor’s  best interest 
to obta i n the Center’s  v i ew on study des i g ns i n advance. T h e  Center 
rev i ews the protoco l s and ma k e s  c ommen t s  as  to whether the des i g ns of 
the p i vota l  stud i es are acceptab l e  and whether the stud i es w i l l  b e  he l pfu l  i n 
determ in i n g whether or not to approve the drug. 

T h e  sponsor then conducts p i vota l  stud i es i n the areas of h uman  food 
safety, an ima l  safety, and drug eff i cacy and i s requ i red to subm i t  a l l  of the 
resu l t i ng data and i nformat i on to FDA’s Center for Veter i nary MeG i n e  for 
rev i ew. In a lmost a l l  c ases, the Center sends the sponsor an “i n comp l e te 
letter” deta i l i ng i n adequac i e s i n a study or ra i s i ng quest i o ns about its 
f i nd i ngs. T h e  Center rev i ews fo l l ow we l l -estab l i s hed FDA gu i de l i n es-both 
procedura l  a nd techn i ca l - i n the areas of h uman  food safety, an ima l  safety, 
and drug eff i cacy. Spec i f i c  stud i es are requ i red b y  F ’DA to ensure 
product i on and env i r onmenta l  v i ab i l i ty. 

T h e  process of address i n g the or ig i na l  a nd subsequent quest i o ns or i s s ues 
ra i sed b y  FDA’s Center cont i n ues unt i l  it i s sat i sf i ed that the stud i es 
adequate l y  address a l l  the h uman  food safety, an ima l  safety, and drug 
eff i cacy po i nts pert inent to the n ew an ima l  drug app l i cat i on. Th i s  process 
i s the one current l y be i n g used for the rev i ew of rBGH, and a s  of June 30, 
1992, rBGH products have not rece i ved f ina l approva l  b y  the FDA. 
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Ob ject i ves, Scope, and 
Methodo l ogy 

Object i ves In exam i n i n g the comp l e teness or thoroughness of FDA’s rev i ew of rBGH in 
the areas of h uman food safety, an ima l  safety, and drug eff icacy, we posed 
four eva l uat i on quest i ons.3 

l F irst, what are the FDA gu i de l i n es that are re l evant for the i nvest i gat i ona l  
rev i ew of rBGH products? 

l Second, d i d the rBGH i n vest i gat i ona l  rev i ew meet the FDA gu i de l i n es? 
. Th ird, what are the imp l i cat i ons of any gaps or other prob l ems d i scovered? 
l And f ina l l y, h ow can the FDA an ima l  drug rev i ew process be improved? 

Scope Our eva l uat i on focused on four rBGH products, i ndependent l y deve l o ped by 
four d ifferent drug manufacturers, that were subm itted to the FDA for 
approva l . Any one of these i nvest i gat i ona l  n ew an ima l  drugs cou l d rece i ve 
FDA approva l  after its rev i ew. W e  exam i n ed a l l  FDA documentat i on 
subm itted by the sponsors, wh i ch i nc l uded 16 an imaI safety protoco l s, 18 
drug eff i cacy protoco l s, 20 p i vota l  safety study summar i es, 25 p i vota l  
eff i cacy stud i es, and raw data for the four products. The research 
conc l us i o ns subm itted to the FDA are conta i ned in e i ght s ummary stud i es, 
wh i ch we a l so rev i ewed. Our f i nd i ngs and conc l us i ons, espec i a l l y  i n the 
area of h uman food safety, are re l evant on l y for the rBGH products that are 
current ly under rev i ew by FDA. Other rBGH products have been deve l o ped 
but have not been subm itted to FDA for approva l . 

Methodo l ogy 
Quest i on 1 What are the FDA gu i de l i n es that are re l evant for the i nvest i gat i ona l  rev i ew 

of rBGH products? W e  determ ined wh i ch FDA research gu i de l i n es in the 
areas of h uman food safety, an ima l  safety, and drug eff i cacy were re l evant 
to rBGH by (1) i nterv i ew ing FDA off ic ia l s, (2) i nterv i ew ing i ndependent 
outs i de experts, (3) perform ing l i terature and document rev i ews, and (4) 
conven i n g a pane l  of experts on the r isk to h umans of BGH (see append i x  I 

“The vast ma jor i ty of the concerns ra i sed about the poss i b l e approva l  of rBGH have  concerned h uman  
food safety, an ima l  safety, a n d  drug eff i cacy i ssues. Consequent l y , we  l im ited our evahx& i o n to these 
areas a n d  d i d not exam i n e the FDA rev i ew in the drug product i o n a n d  env i r onmenta l  v iab i l i ty areas. 
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Quest i o n 2 

Quest i o n 3 

Quest i o n 4 

for h uman  safety pane l). T h e  pane l  wa s  spec i f i ca l l y  a s k e d to he l p u s  def i ne 
the h uman  hea l th and safety r i sks assoc i a ted w ith BGH. W e  used th i s 
i nformat i on to determ i ne whether conc l u s i o ns that certa i n gu i de l i n es need 
not be i nvest i gated were correct. 

D i d  the rBGH invest i gat i ona l  rev i ew meet  the gu i de l i n es? W e  used the set of 
FDA gu i de l i n es i dent i f i ed b y  answer i n g quest i on 1 a s  a bas i s  to determ i ne 
the comp l e t e ness and thoroughness of the rBGH invest i gat i ona l  rev i ew. 
F irst, we  compared the gu i de l i n es to the protoco l s and p i vota l  study 
s ummar i e s  subm i tted for the rBGH products. Th i s  resu l ted i n the 
i dent i f i cat i on of a number of i nformat i on gaps; that is, gu i de l i n es that were 
not addressed i n e ither the protoco l s or the p i vota l  study summar i e s .  T o  
ascerta i n whether these gu i de l i n es were tru ly om i tted or had, i n fact, 
f i gured i n the raw data subm i tted w ith the study summar i e s ,  we  rev i ewed 
the raw data a s  we l l , l o ok i ng for those gu i de l i n es that a second expert 
pane l  def i ned a s  cr it i ca l to the va l i d i ty of an i nvest i gat i ona l  rev i ew (see 
append i x  I for an ima l  safety and drug eff i cacy pane l). 

Wha t  are the imp l i c at i o ns of any gaps or other prob l ems d i s covered? Here, 
we  s ummar i z e d  our conc l u s i o ns concern i n g the rBGH stud i es’ conformance 
to the FDA research gu i de l i n es and any prob l emat i c conc l u s i o ns reached i n 
the stud i es. Thus, we  asse s s e d  whether the rBGH products requ i red further 
i nvest i gat i on before approva l , b ased upon the thoroughness of the rev i ew 
as we l l  a s  the resu l ts of the p i vota l  stud i es. 

How can the FDA an ima l  drug rev i ew process be improved? F r om the rBGH 
cases, we  ident i f i ed prob l ems in FDA’S  rev i ew process a s  a who l e. Whether 
i d i osyncrat i c or genera l i zed, these prob l ems cou l d  be important i nd i cators 
of potent i a l  weak n e s s e s  i n the way  the safety and eff i cacy of n ew an ima l  
drugs are current l y estab l i s hed. 

a 

Our eva l uat i on was  conducted to determ i ne the comp l e t e ness of the rBGH 
rev i ew. W e  ex am i n e d  protoco l s, p i vota l  stud i es, raw data, and 
correspondence between rBGH sponsors and the FDA regard i ng the ir drug 
app l i cat i ons. W e  conducted our rev i ew in accordance w ith genera l l y  
accepted government aud i t i ng standards between Ju l y  1990 and December  
1991. 
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Ora l  Act iv ity of rBGH A number of the h uman  food safety concerns ra i sed about the use of rBGH 
have been d i sm i s s e d  on the bas i s  that rBGH i s  ora l l y i nact i ve and 
spec i es-spec i f i c. Another concern that has been ra i sed i s whether i nsu l i n 
growth factor I (IGF-I) i s  e l e vated i n m i l k  that i s produced from 
rBGH-treated c ows and whether there i s an assoc i a ted h uman  hea l th r isk. At 
the t im e  we  conducted our eva l uat i on, the sc i ent i f i c c o n s e n sus was  that 
rBGH i s  ora l l y i nact i ve and cannot b i nd to h uman  receptors, and that IGF-I 
does not pose a h uman  hea l th r i sk at the l eve l s found i n m i l k  produced b y  
rBGH-treated cows. T h e  work of our expert pane l  o n h uman  safety and the 
conc l u s i o ns of a Nat i ona l  Inst itutes of Hea l th Techno l o g y Ass e s smen t  
Conference on rBGH (c ited later i n th i s report) have supported these 
conc l u s i o ns. Consequent l y , we  have not conducted a methodo l o g i c a l  
eva l uat i on of the work conducted i n these areas. 

Resu l ts in B rief Amon g  the three research areas we  eva l u ated-human food safe l y, an ima l  
safety, and drug eff i cacy-we found that for a l l  three, the ma j o r cr it i ca l FDA 
rev i ew gu i de l i n es were addressed. However, w ith regard to h uman  food 
safety, we  found a cr it i ca l cons i derat i on that was  not-but shou l d  h ave 
been-part of FDA’s estab l i s hed research rev i ew: that is, the i dent i f i cat i on 
and eva l uat i on of ind i rect h uman  food safe@  r i sks that resu lt from an ima l  
hea l th effects caused b y  the use of the an ima l  drug. T h e s e  r i sks are not 
covered b y  the FDA gu i de l i n es and have not been addressed i n the rBGH 
case. The i r importance, however, cou l d  be cons i derab l e for rBGH. In effect, 
the i ncreased m i l k  product i on i n c ows from the rBGH treatment has 
tr iggered an i ncrease i n the ir i n c i d ence of mast i t i s, wh i c h  wou l d  often be 
treated w ith ant i b i ot i cs. As  a consequence, h i gher l eve l s of ant i b i ot i c 
res i dues i n m i l k  and beef cou l d  resu lt. 

Concern ex i sts n ow about whether ant i b i ot i c l e ve l s i n m i l k  are a l ready too 
h i gh from present ant i b i ot i c u sage and h ow we l l  these l eve l s are I 
mon i tored.4 Neverthe l ess, there has been no exam i nat i o n of whether rBGH 
use w i l l  i n crease ant i b i ot i c l e ve l s i n m i l k  or beef beyond that wh i c h  
current l y ex i st and, if so, to what degree those l eve l s are acceptab l e. 

W e  a l s o found that food products from the rBGH-treated an ima l s  were 
commerc i a l l y  processed and so l d  to c o n s umers w ithout any l abe l i n g not i ng 
the ir or ig i n. T h e  FDA does not requ ire the l abe l i n g of food products der i ved 
from an ima l s  i n vo l v ed i n drug treatment tr ia ls. 

4Se e  F o o d  Safety a n d  Qua l i t y: FDA Strategy Ne e d e d  to Addre s s  An ima l  Dru g  Res i d u e s  i n M i l k  
(GAOIRCED 92-209, Aug. 6,1992). 
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GAO’s Ana l ys i s  

Re l evant FDA Research 
Gu i de l i n es 

We  ident i f i ed ma n y  h uman  food safety, an ima l  safety, and drug eff i cacy 
i s s ues and gu i de l i n es that were pert inent to the rev i ew of ~BGH. T o  
understand wh i c h  FDA gu i de l i n es were app l i c ab l e i n the h uman  food safety 
area, we  ex am i n e d  a spectrum of h uman  r i sk i s s ues that had been ra i sed 
about ~BGH over t ime ,  and then convened an expert pane l  to adv i s e u s  on 
wh i c h  of these i s s ues were va l i d. W e  then reached our conc l u s i o ns on ~BGH 
h uman  hea l th r i sks and wh i c h  FDA food safety gu i de l i n es needed to be 
addressed. 

An ima l  safety and drug eff i cacy gu i de l i n es were obta i ned through a rev i ew 
of interna l FDA d o c uments  perta i n i ng to the i nvest i gat i ona l  rev i ew of n ew 
an ima l  drugs. A  second expert pane l  rev i ewed the set of an ima l  safety and 
drug eff i cacy gu i de l i n es we  had ident i f i ed to adv i s e u s  on wh i c h  were 
cr it i ca l to the va l i d i ty of i nvest i gat i ona l  stud i es i n these two areas. W e  
ended w ith a set of 15 1 gu i de l i n es, cover i ng the three i nvest i gat i ona l  areas, 
that we  used to eva l uate the comp l e t e ness of the ~BGH rev i ew: 13 i n the 
area of h uman  food safety, 46 for an ima l  safety, and 92 for drug eff i cacy. A  
deta i l ed presentat i on of i s s ues and gu i de l i n es i s prov i ded i n append i x  II. 

Extent to W h ich the 
Gu i de l i n es Wer e  Addressed 
Human  F o o d  Safety Our rev i ew sh owed that the rBGH products that are current l y under rev i ew 

are ora l l y i nact i ve and spec i es-spec i f i c 6 Ora l l y i nact i ve me a n s  that rBGH i s  
not absorbed ora l l y i n h umans;  its c hem i c a l  c ompo u n d s  are broken d own 
by the d i gest i ve s y s t em and are i nact i ve. Regard i n g spec i e s  spec i f i c i ty, 1, 
SOmatOtrOp i nS from DOnp I ’i InBte SpfX i eS, i nChd i n g  BGH, are i IK%Ct iVe in 
h umans.  T h e  structure of BGH i s  s i gn i f i cant l y d ifferent from that of h uman  
growth hormone and, thus, cannot b i nd to h uman  receptors to in i t i ate any 
b i o l og i ca l  act i v i ty. Th i s  i s why, i n the c a s e  of immature d i gest i ve s y s t ems 
(bab i es and newborns) and dysfunct i ona l  d i gest i ve s y s t ems (adu lts) where 
hormone absorpt i on m a y  take p l ace, there i s no h uman  r isk. Thus, rBGH, 
i tse lf, i s not a harmfu l  res i due. But s i n ce rBGH a s  a potent i a l  res i due i s not a 
d irect h uman  food safety r isk, the research gu i de l i n es that ex i st are, for the 

‘It shou l d  b e  noted that s imp l y  b e c a u s e  a n  rBGH fornudat i o n approx imates nBGH, th is d o e s  not 
necesst i y  imp l y  that the formu l at i o n is o r aUy i nact i ve. In the c a s e  of the four products subm i tted to 
F ’DA for approva l ,  re l ated sponsors conducted tox ic i ty tests that demonstrated ora l  i nactIv ity. 
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An ima l  Safety 

D rug E ff icacy 

most  part, irre levant. That is, both the sponsors and FDA assured 
themse l v e s  that the consensus of ex i st i ng sc i ent i f i c i nformat i on i s s u c h  that 
add i t i ona l  research on h uman  safety r i sks i s unnecessary. (Append i x  III 
conta i ns a more comp l e t e d i s cuss i o n of our f i nd i ngs i n th i s area.) 

Regard i n g an ima l  safety, we  determ i ned that mos t  of the FDA gu i de l i n es 
were addressed i n the protoco l s or p i vota l  study summar i e s .  There were, 
however, apparent i nformat i on gaps regard i ng reproduct i ve i s s ues s u c h  a s  
teratogen i c and embryotox i c  effects a s  we l l  a s  fert i l i ty rates of offspr ing. 
G i v en that w ithout conc l u s i o ns i n these areas the rBGH an ima l  safety 
stud i es wou l d  be i n comp l ete, we  ex am i n e d  the raw data subm i tted w ith the 
p i vota l  stud i es and found that, i n fact, a l l  of the cr it i ca l gu i de l i n es had been 
addressed. 

Mast i t i s  stud i es are not rout ine i n an an ima l  safety rev i ew. However, 
because of the ir pert i nence here, the FDA estab l i s hed mast i t i s  gu i de l i n es 
spec i f i ca l l y  for the rBGH case. T h e s e  were deve l o ped after the rBGH 
products were under FDA rev i ew when  mast i t i s  wa s  recogn i z ed a s  a 
potent i a l  prob l em. Aga i n, after a rev i ew of the raw data subm i tted w ith the 
stud i es, we  determ i ned that a l l  cr it i ca l mast i t i s  gu i de l i n es had been 
addressed. 

In the area of drug eff i cacy, the sponsors are requ i red to address not on l y  
treatment or product i on resu lts, but a l s o s ome  assoc i a ted an ima l  safety 
i s sues. After exam i n i n g  the raw data f i l es, we  found once aga i n  that a l l  
cr it i ca l drug eff i cacy gu i de l i n es had been addressed i n the research rev i ew 
Of rBGH. 

Conc l us i o ns 
a  

We  have conc l u ded that a l l  cr it i ca l FDA research gu i de l i n es were fo l l owed 
i n the i nvest i gat i ona l  rev i ew of rBGH products. Where  s ome  gu i de l i n es were 
not addressed, these were not threats to the va l i d i ty of the p i vota l  study 
conc l u s i o ns. 

Pi>ss i b l e Huma n  F o o d  Safety Concern i n g the ind i rect (nonres i due) h uman  food safety i s sue that i s 
I&sue ne ither ref l ected i n FDA gu i de l i n es nor addressed i n  the rBGH rev i ew, we  

have conc l u ded that rBGH treatment does i ncrease the i n c i d ence of mast i t i s  Y  
in cows. W e  have two bases for our conc l us i o n. F irst are the resu l ts of 
stud i es that were subm i tted to the FDA. Th e  spec i f i c data, however, are 
propr ietary and cannot be presented i n our report. Seco n d  i s a pub l i s hed 

Pag e  8  GAOIPEMD-9 2 - 2 6  FDA’s Bev i ew of Becomb i n a n t  Bov i n e  Growth Ho rmon e  



B-248 4 5 0  

report (d i s cussed i n append i x  III) wh i ch, a l though focused on the 
i n c i d ence of mast i t i s  a s  a funct i on of the natura l product i on l eve l  of cows, 
demonstrates that rBGH treatment does i ncrease mast i t i s.e In compar i n g  
the treatment and contro l  groups, the number of c ows exper i enc i ng 
mast i t i s  wa s  approx imate l y  33 percent h i gher i n the treatment group (28 
percent versus 2 1.2 percent), wh i l e  the i n c i d ence of mast i t i s  wa s  a l s o 
greater i n the treatment group (0.415 c a s e s  per c ow versus 0.361 c a s e s  
per cow). T h e  Nat i ona l  Inst itutes of Hea l th Techno l o g y Ass e s smen t  
Conference pane l  that was  convened i n December  1990 to spec i f i ca l l y  
e x am i n e  the r i sks of rBGH a l s o ra i sed a concern about the mast i t i s  i ssue.’ 

T h e  prob l em here i s that the i n creased i n c i d ence of mast i t i s  i n c ows treated 
w ith rBGH cou l d  poss i b l y  l e ad to the i ncreased use of ant i b i ot i cs, wh i ch, i n 
turn, m i g ht ra i se the l eve l  of ant i b i ot i cs found i n m i l k  and beef. W e  noted i n 
a  prev i ous report that g i v en the l a ck of actua l  test i ng conducted, we  cannot 
conc l u de at present that the nat i on’s  m i l k  supp l y  h a s not a l ready been 
contam i nated b y  ant i b i ot i cs beyond acceptab l e  l e ve l s 8 Yet there has been 
no effort b y  e ither the drug sponsors or FDA to determ i ne whether there 
may  be h i gher ant i b i ot i c l e ve l s i n m i l k  assoc i a ted w ith rBGH treatment and 
whether they wou l d  be acceptab l e  from a h uman  food safety v i ewpo i nt. 

In s um, for the ex i st i ng research gu i de l i n es requ i red b y  FDA, we found that 
the rev i ew was  thorough and comp l e te. However, we  a l s o found that a gap 
ex i sts, both i n the research performed and i n FDA’s rev i ew of it, because 
the gu i de l i n es themse l v e s  fa i l ed to i nc l u de a potent i a l l y cr it i ca l area for 
h uman  food safety, and no research has e x am i n e d  th i s area. 

Process Issues T h e  FDA protoco l  rev i ew process a s  ref l ected b y  the rBGH c a s e s  s h owed 
l im i ted empha s i s  on the comp l e t e ness of the protoco l s subm i tted b y  the 
rBGH sponsors. Adherence to FDA’S p i vota l  study gu i de l i n es was  rare ly 
ref l ected i n mos t  of the subm i tted protoco l s. 

&Ne i l  Craven, “M i l k  Product i o n a n d  Mast i t i s Suscept i b i l i t y: Genet i c  Re l at i o nsh i p s a n d  Inf l u ence of 
Bov i n e  Somatotrop i n  Treatment,” Mamm i t e s  d e  Vac h e s  La i t i eres, p a p e r  presented at the conference of 
the Soc i e te Franca i s e  d e  Buatr i e, Par i s, Dec. 1619,199 l  (Tou l o use: Po l y g one, 1992). 

7NIH, Techno l o g y  Asse s sment  Conference, “Statement o n  Bov i n e  Somatotrop i n ,” Wash i n g t on, DC., 
Dec. 6-7, 1990. 

sSee  F o o d  Safety a n d  Qua l i t y: FDA Surveys Not Adeq u a t e  to Demonstr a t e  Safety of M i l k  Supp l y  
(GAO/BCED-91 - 2 0 ,  Nov. 1, 1990). 
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Aga i n, a s  i nd i cated above, there was  no requ i rement w ith i n the FDA 
gu i de l i n es to e x am i n e  ind i rect effects s u c h  a s  those of ant ib i ot i c-treated 
mast i t i s  or ant i b i ot i c l e ve l s i n m i l k  and the ir potent i a l  effect on h uman  
hea l th. In ta l k i ng to F ‘DA off ic i a l s, we  l earned that ind i rect effects were not 
requ i red to be e x am i n e d  i n the i nvest i gat i ona l  drug rev i ew process. 

Labe l i n g i s s ues a l s o arose from our rev i ew. M i l k  and beef products from 
rBGH-treated c ows were not l abe l ed a s  s u c h  dur i ng the i nvest i gat i ona l  
research phase of the rev i ew, even though they were be i n g marketed. W e  
determ i ned that th i s wa s  not requ i red b y  the FDA for any i nvest i gat i ona l  
n ew an ima l  drug. Consequent l y , c o n s umers have had= way  of know i n g if 
food products were der i ved from an ima l s  be i n g treated w ith i nvest i gat i ona l  
drugs. In the c a s e  of ~BGH products, we  have no bas i s  to be l i e ve that the 
safety of the current m i l k  supp l y  h a s been comprom i s e d . 

F i na l l y, we  found no systemat i c  track i ng procedure whereby FDA cou l d  
mon i tor wh i c h  firm  and wh i c h  drug dose form had met  FDA gu i de l i n es or 
the spec i f i c hea l th or safety i s s ues under l y i ng the gu i de l i n es. Yet, the l a ck 
of s u c h  a systemat i c  track i ng process c omprom i s e s  both the eff i c i ency and 
effect i veness of FDA’s drug rev i ew process (a more comp l e t e d i s cuss i o n of 
our f i nd i ngs for process prob l ems i s prov i ded i n append i x  IV). 

Recommendat i o n s  Base d  upon these f i nd i ngs, we  r e c ommend  that the Comm i s s i o n e r  of F o o d  
and Drugs take the fo l l ow ing act i ons: 

l Exam i n e  the ind i rect effects of ~BGH spec i f i c to ~BGH products-before 
approva l -to answer spec i f i c quest i o ns about its safety for h uman  food 
consumpt i o n. That is, g i v en the i n c i d ence of mast i t i s  occurr i ng i n c ows 
treated w ith ~BGH, the F ’DA shou l d  study the degree to wh i c h  ant i b i ot i cs 
mus t  be used to treat these c ows and the i ncrementa l  effects of rBGH 
treatment on the nat i on’s  m i l k  and beef supp l y. 

b 

9 D i scont i n ue the market i n g of food products from rBGH-tested an ima l s  unt i l  
the potent i a l  r i sk concern i n g i n creased ant i b i ot i c l e ve l s h a s been eva l uated. 

As  more genera l  measures, the Comm i s s i o n e r  shou l d  

l Study the feas ib i l i ty of l abe l i n g food products der i ved from an ima l s  be i n g 
tested w ith drugs s o  a s  to prov i de the pub l i c  w ith i nformat i on concern i n g 
the nature of s u c h  products. 
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l Avo i d  potent i a l l y dangerous shortfa l l s of i nformat i on i n h uma n  food safety 
rev i ews of an ima l  drugs b y  ensur i ng that ind i rect r i sks are exp l i c i t l y 
cons i d ered and exam i n ed. 

Agency Commen t s  As requested b y  your off i ces, we  d i d not a s k  for off ic i a l  c ommen t s  from 
FDA regard i ng th i s report. However, we  d i d d i s c uss th i s report w ith agency 
off ic i a l s, who  genera l l y  agreed w ith our f i nd i ngs. T h e  off ic i a l s were 
concerned, however, about the i s sue of l abe l i n g food products der i ved 
from an ima l s  be i n g used to test n ew drugs i n i nvest i gat i ona l  tr ia ls. T h e y  
sa i d  that th i s i s an i s sue that needs to be addressed, but were concerned 
that the recomb i n ant bov i n e growth hormone rev i ew was  an i nappropr i ate 
c a s e  to use to ra i se the i ssue, s i n ce the ir conc l u s i o n i s that rBGH res i due 
does not represent a h uman  food safety r isk. 

A l though we  agree that rBGH does not appear to represent a d irect h uman  
food safety r isk, we  do not be l i e ve th i s obv i ates the need to address the 
l abe l i n g i ssue. F irst, we  are concerned about the poss i b l e  i nd i rect r i sk of 
ant i b i ot i c l eve l s. In add i t i on, we  be l i e ve the pub l i c  shou l d  h ave the r ight to 
k n ow wh i c h  food products have been produced from an ima l s  be i n g tested 
w ith i nvest i gat i ona l  drugs. Consequent l y , we  d i sagree w ith FDA on th i s 
po int. 

As  we arranged w ith your off i ces, we  p l an no further d istr i but i on of th i s 
report unt i l  3 0  d a y s  from its date of i ssue, un l e ss you pub l i c l y  a nnounce its 
contents ear l i er. W e  wi l l  then send cop i e s to the Comm i s s i o n e r  of F o o d  
and Drugs and to other i nterested part ies. W e  wi l l  a l s o ma k e  cop i e s 
ava i l a b l e to others upon request. 

If you have any quest i o ns or wou l d  l i ke add i t i ona l  i nformat i on, p l e ase ca l l  
m e  at (202) 275-1854 or Kwa i -Cheung Chan, D irector of Program 
Eva l uat i o n i n Phys i c a l  Sy s t ems Areas, at (202) 275-3092. Other ma j o r 
contr i butors are l i sted i n append i x  XV. 

E leanor Che l ims k y  
Ass i s tant Comptro l l e r Genera l  
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Gu ide l i ne Requ irements for New An ima l Drug 
Rev iew 

Our ana l ys i s of the rev i ew of rBGH was based on whether FDA research 
gu i de l i nes were fo l l owed dur ing the invest igat iona l research phase for 
three of f ive areas invest igated by FDA. We ident if ied and carefu l l y 
enumerated the human food safety, an ima l  safety, and drug eff icacy i ssues 
and gu i de l i nes to determ ine the extent to wh i ch they were addressed. 
Mast it i s gu i de l i nes were a l so addressed in our rev iew. 

Th i s f irst set of f ind ings answers our f irst eva l uat i on quest ion, wh i ch is, 
What are the FDA gu i de l i nes that are re levant for the invest igat iona l rev i ew 
of rBGH products? 

Human Food Safety 
Issues 

There are 10 i ssues ra ised by the sc ient if ic commun i ty and pub l i c interest 
groups that needed to be ref lected i n the rev i ew of rBGH. (These are 
presented in append i x III.) Areas of concern i nvo l ve human b io l og ica l 
act iv ity, ora l act iv ity, rBGH act iv ity in bab i es and newborns, rBGH 
i nteract ion in impa i red adu lt systems, components of rBGH that may be 
act ive in humans, interact ion with and product i on of insu l i n growth factor I 
(IGF-I) var iat ion in drug formu las, m i l k compos i t i on, secondary hea lth 
effects, and d ifferences between natura l and recomb inant bov i ne growth 
hormone. 

Human Food Safety 
Gu ide l i nes 

The human food safety gu i de l i nes are found in FDA’S Genera l  Pr inc i p l es for 
Eva luat i ng the Safety of Compounds Used in Food-Produc i ng An ima l s 
(September 1986). These gu i de l i nes are the pr inc ipa l bas i s for the FDA 
rev i ew of human hea lth-re lated an ima l  drug stud ies, and s ix, in part icu lar, 
form the bas i s for the human food safety rev i ew of rBGH products. 

F irst, the “Gu ide l i ne for Metabo l i sm Stud i es and for Se lect i on of Res i dues 
for Tox i co l og i ca l  Test i ng” requ ires that the sponsor deve l op informat ion 
on the amount, pers istence, and chem ica l  nature of the tota l res i due in the 
ed ib l e products of treated target an ima ls. Second, the “Gu ide l i ne for 
Tox i co l og i ca l  Test i ng” he l ps to def ine the b io l og ica l effects of the 
sponsored compound and its quant itat ive l im its. Th ird, the “Gu ide l i ne for 
Thresho l d Assessment” descr i bes how FDA uses informat ion to determ ine 
whether chron i c b i oassays are necessary to reso l ve quest i ons concern i ng 
the potent ia l carc i nogen i c&y of a compound. Fourth, the “Gu ide l i ne for 
Estab l i sh i ng a To l erance” is used to determ ine the type and durat ion of 
tox ic ity test ing requ ired and estab l i shes the concentrat ion of marker 
res i due permitted in the target t issue of a treated an ima l. F ifth, the 
“Gu ide l i ne for Approva l  of a Method of Ana l ys i s for Res i dues” def i nes 
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Append i x  II 
GuIde l i n e  Bequ i r emente for N ew An ima l  Dru g  
Izevkw 

requ i rements under wh i c h  the sponsor proposes an acceptab l e  ana l yt i ca l  
metho d  (e ither chem i c a l  or b i o l og i ca l ) capab l e  of re l i ab l y measur i n g  the 
marker res i due to ensure that the tota l res i due of tox i co l og i ca l  concern i s 
not exceeded. Last l y, the “Gu i de l i n e for Estab l i s h i n g a W ithdrawa l Per i od” 
descr i b es a procedure for estab l i s h i ng a per i od i n wh i c h  food products 
mus t  be he l d before be i n g so l d  commerc i a l l y .  Th i s  i s b ased on a stat ist i ca l  
to l erance l im i t procedure. 

There are a l s o statutory and regu l atory requ i rements (2 1 U.S.C. 5 12 and 
21 C.F.R. 511) that bear on the an ima l  drug approva l  process and need to 
be ref l ected i n h uma n  food safety stud i es. T h e y  dea l  w ith s u c h  i s s ues a s  
drug safety, eff i cacy, and drug l abe l i ng. 

An imaI Safety 
Gu i de l i n es 

T h e  an ima l  safety gu i de l i n es are those conta i ned i n the genera l  “Target 
An ima l  Safety Gu i de l i n e” deve l o ped b y  the FDA (see append i x  V). Th i s  
gu i de l i n e g i v es both descr i pt i ve and substant i ve gu i d ance on h ow the 
sponsors are to carry out the ir an ima l  safety stud i es. Areas of concern 
i nc l u de drug to l erance tests, i dent i f i cat i on of m a x im um dose l eve l s, route 
of adm in i strat i on, study des i gn, an ima l  observat i ons, reproduct i ve stud i es, 
t i ssue irr itat ion stud i es, phys i c a l  exam i nat i o ns, and statements on good 
l aboratory pract i ces and test an ima l s . 

Spec i f i ca l l y , the gu i de l i n es requ ire that the sponsors i n duce tox i c i ty i n the 
an ima l s  to test for drug to l erance; g i v e mu l t i p l e  d ose l eve l s to f ind the mos t  
effect i ve l eve l  at wh i c h  the proposed drug m i g ht work; perform patho l og i c 
tests for s i g ns of tox ic i ty; record we i ghts of an ima l s  and feed and water 
consumpt i o n; eva l uate fert i l i ty of the c ows in the study; record estrous 
cyc l e, concept i o n rates, and abort i ons; and perform gross and h i sto l og i c 
exam i n at i o n s on t i s sues and organs. 

Gu i de l i n es perta i n i ng to mast i t i s  i s s ues can be found i n the “Protoco l  for 
the Eva l uat i o n of Mast i t i s  i n Eff i cacy Stud i e s of Bov i n e  Somatotrop i n  and 
Product i on Drugs i n Da i ry Catt l e” (see append i x  VI). Th i s  i s an interna l 
FDA d o c ument wr itten spec i f i ca l l y  to address mast i t i s  i s s ues that arose 
dur i ng the rBGH rev i ew. Seventeen gu i de l i n es were deve l o ped, wh i c h  
i nc l u de top i cs s u c h  a s  samp l i n g  schedu l e s, techn i q ues and storage, 
m icrob i o l o g i c a l  procedures, contam i nated samp l e s ,  d i a gnos i s  of quarter 
i nfect i on status, c l i n i ca l  status of quarters, s ummar y  of i n t r amammary 
i nfect i on (IMI) and c l i n i ca l  mast i t i s  data, and m i l k  s omat i c  ce l l  counts. 
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Append ix II 
Gu ide l i ne Requ l r emenk for New Anha l  Drug 
Rev i ew 

All of th is work is necessary to ensure that the proposed drug is safe for the 
test an ima l. These gu ide l i nes must be fo l l owed if stud ies that are subm itted 
to the FDA by the sponsors are to be deemed acceptab l e. 

Drug Eff icacy 
Gu ide l i nes 

The drug eff icacy gu ide l i nes that we used for our eva l uat i on are found in 
the “Techn i ca l  Ass istance Document for Eff icacy Stud i es of Bov i ne 
Somatotrop i n in Lactat i ng Da iry Cows” (see append i x VII). The genera l  
gu i de l i ne i nc l udes mi lk we i ght ana lys is, extrapo lat i on of mi lk we ights, fat 
corrected mi lk (FCM) y ie lds, feed eff ic iency, dose t itrat ion, test ing of herds, 
treatment reg imen, ana lys i s of unsa l ab l e a nd sa lab l e mi lk, data co l l ect ion 
for the lactat ion per iod, body we ights and body cond it i on scores, record ing 
of da i l y temperature and humid ity, b l i nd i ng and accountab i l i ty ru les, 
nutr it ion factors, reproduct ion, herd-breed i ng pract ices, mi lk ana lys is, 
genera l  hea l th observat ions, des i gn and ana lys i s techn i ques, dry off and 
remova l ru les, and stat ist ica l cons iderat ions. 

Spec if ica l l y, the drug eff icacy stud ies are requ ired to prov i de a vast array 
of informat ion concern i ng the eff icac ious use of the test product. Da i l y 
mi lk y ie lds a nd feed intake he l p to determ ine the feed eff ic iency f ind ings; 
pr im iparous and mu lt i parous cows are used to ana l yze any d ifference in 
h ow the cows react to the test drug; body cond it i on scores are taken to 
he l p d iscern any poss ib l e prob l ems in the hea l th of the cow; pregnancy 
rates, serv ices per cow, length of lactat ion, and number of abort ions are 
requ ired for the herd-breed i ng ana lys is; and b lock i ng procedures are 
incorporated to h igh l i ght d ifferences in the mi lk product i on leve ls of the 
cows. 
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Append i x III 

Gu ide l i ne Conformance 

Th i s append i x prov i des a deta i l ed answer to our second eva l uat i on 
quest ion, wh i ch is, D id the rBGH i nvest igat iona l rev i ew meet the FDA 
gu i de l i nes? Thus, it character i zes the comp l eteness of the FDA’s rev i ew of 
the four rBGH formu lat i ons with regard to whether the protoco ls, p ivota l 
stud ies, raw data, and correspondence between the FDA and the sponsors 
addressed the cr it ica l gu i de l i nes ident if ied for h uman food safety, an ima l  
safety, and drug eff icacy. 

Human Food Safety 
Issues 

The fo l l ow ing summar i zes our experts’ consensus about the h uman food 
safety i ssues ra ised by the sc ient if ic commun i ty and the pub l i c concern i ng 
the four rBGH formu lat i ons, These i ssues are d i scussed because they 
prov i de the sc ient if ic bas i s concern i ng wh i ch gu ide l i ne, regu latory, and 
statutory requ i rements in the h uman food safety area need to be addressed. 

Human Bio log ica l Activ ity The recomb i nant BGH formu lat i ons are not act ive in humans. The prote in 
hormone has no effect in the h uman spec i es (that is, it is spec ies-spec if i c). 
Thus, there are no genera l  h uman hea lth concerns assoc i ated with rBGH as 
a food res idue. 

Ora l  Activ ity Ne ither the rBGH formu lat i ons nor t iGH are act ive when adm in i stered 
ora l l y. The h uman d igest ive tract breaks down the BGH prote in hormone 
mo l ecu l e into its chem ica l  components and pept ides, thereby render i ng the 
mo l ecu l e inact ive. 

BGH Activ ity in Bab ies and Even though bab i es and newborns are more l ike ly to exper i ence 
Newborns absorpt i on of prote in and hormones that escape d igest ion, they absorb 

on l y trace amounts intact. Infant formu la preparat i on destroys the BGH. 4 
Consequent l y, the rBGH formu lat i ons pose no food res i due r isks to bab i es 
and newborns. 

BGH in Impa i red Adu lts Dysfunct i ona l  d i gest ive systems may not break down the BGH hormone as 
effect ive ly as the hea l thy adu lt system, and trace amounts theoret ica l l y may 
be absorbed. However, because the rBGH formu lat i ons are ora l l y inact ive 
and spec ies-spec if i c, these trace amounts wou l d have no effect. 
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Compone n t s  of BGH May  Be There i s no conv i n c i n g data that fragments of nBGH or the rBGH 

Act ive in Huma n s  formu l at i ons are b i o l og i ca l l y  act i ve i n h uman s  when  adm i n i s tered ora l l y. 
There i s no ev i d ence, e ither, that the rBGH formu l at i ons w i l l  produce 
un i q ue pept i de fragments that have b i o l og i ca l  effects. 

Effects on IGF-I Insu l i n growth factor I does i ncrease i n m i l k  from c ows treated w ith the 
rBGH formu l at i ons, but i ncreased amount s  m a y  not pose a r isk. Insu l i n 
growth factor I i s not a tox i c contam i nant and a l s o i s natura l  to the h uman  
system. T h e  NIH pane l  r e c ommend e d  that further research be done i n th i s 
area. 

Var iat i ons in Drug 
Formu l at i o ns 

T h o u g h  the rBGH formu l at i ons subm i tted b y  the drug sponsors for FDA 
approva l  are d ifferent, a l l  four have been found to be ora l l y i nact i ve 
through tox i co l og i ca l  test ing. T h e  meth i o ny l - rBGH product has no d ifferent 
effect than nBGH, even though it h a s add i t i ona l  am i n o  ac i d  components. 
Thus, the concern about h uman  hea l th effects assoc i a ted w ith d ifferent 
formu l at i ons has been d i sm i s s e d  because there i s no ev i d ence of any 
effects. 

M i lk Compos i t i o n  T h e  m i l k  compos i t i o n  and nutr it i ona l va l u e of m i l k  from rBGH-treated c ows 
i s essent i a l l y  the s ame  as m i l k  from untreated cows. BGH l eve l s i n m i l k  m a y  
be e l evated but rema i n  w ith i n the norma l  range. There are no s i gn i f i cant l y 
i n creased l eve l s of fat. Th i s  i ssue, thus, i s not a hea l th concern. 

Secondary Hea l th Effects Secondary food safety effects-those that are not assoc i a ted spec i f i ca l l y  
w ith res i dues of the treatment drug-are important to cons i der. One 
secondary hea l th effect-the i ncreased use of ant i b i ot i cs to treat &  

mast i t i s -may pose a h uman  hea l th r isk. Th i s  wa s  one concern ra i sed at the 
NIH Techno l o g y Ass e s smen t  Conference on the rBGH formu lat i ons. 

D ifferences Between nBGH There i s no a s s a y  to d i st i ngu i sh between nBGH and the rBGH formu lat i ons. 
and rBGH There are no s i gn i f i cant chem i c a l  d i fferences between nBGH and the rBGH 

formu l at i ons subm i tted to FDA for approva l  e v en though the ammo  ac i d  
structures are s omewhat  d ifferent. Tox i c i t y tests have s h own that even 
though there i s var i at i on i n c h em i c a l  structure between nBGH and the rBGH 
formu l at i ons subm i tted for FDA approva l , the latter pose no h uman  hea l th 
threat. 
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Human  F o o d  Safety 
Gu i de l i n es 

Here we  present h ow the h uman  hea l th conc l u s i o ns d i s c ussed above affect 
the h uman  food safety gu i de l i n es that needed to be addressed. 

Me tabo l i sm  Stud i es for 
Se lect i on of Res i d ues for 
Tot i co l og i ca l  Test i ng 

Tests were conducted to determ i ne the ora l act i v i ty of the ~BGH 
formu l at i ons. FDA ' s  rev i ew of the sponsors’ h uman  food safety stud i es 
determ i ned that the rBGH formu l at i ons were not ora l l y act i ve i n h umans.  
Th i s  co i n c i d es w ith expert conc l u s i o ns. Consequent l y , the FDA determ i ned 
that metabo l i sm stud i es were irre levant s i n ce there wou l d  be no harmfu l  
res i dues from the ~BGH formu l at i ons. W e  concur w ith th i s conc l us i o n. 

Tox i co l og i ca l  Test i ng T h e  rev i ew of the past h uman  food safety stud i es determ i ned that there 
was  no r i sk assoc i a ted w ith i nterm ittent or chron i c exposure of peop l e  
b ecause of the ora l i nact i v i ty of the ~BGH formu l at i ons’ res i dues. Experts 
concur w ith th i s conc l us i o n. Consequent l y , there was  no need for 
tox i co l og i ca l  test i ng of the formu l at i ons, a l though tox i co l og i c test i ng was  
conducted. W e  d i d not eva l uate the methodo l o g i c a l  a d equacy of the 
tox i co l og i ca l  test ing. 

Thresho l d  Assessment T h e  rev i ew of ear l i er h uman  food safety stud i es determ i ned that the 
“Gu i de l i n e for Thresho l d  Ass e s smen t ” was  not app l i c ab l e as the rBGH 
formu l at i ons were s h own to have no potent i a l  for carc i nogen i c effects. 
Experts agreed w ith th i s conc l u s i o n a s  we l l . No  thresho l d a s s e s sment s  
were d e emed  necessary. W e  agree w ith th i s conc l us i o n. 

Estab l i sh i ng To l e rances T h e  rev i ew conc l u ded that there were no harmfu l  res i dues from the rBGH 
formu l at i ons because they are ora l l y i nact i ve, and thus, the “Gu i de l i n e for 
Estab l i s h i n g a To l e rance” was  not app l i c ab l e. A s  a resu lt of its spec i e s  4 
spec i f i c i ty, the rBGH be i n g rev i ewed cou l d  not bond to any receptor i n 
h umans.  Experts a l s o agree w ith th i s conc l us i o n. We,  too, concur w ith the 
conc l u s i o n that estab l i s h i ng to l erances for the formu l at i ons was  
unnecessary. 

Apf irova l  of a M e thod of 
Ana l ys i s for Res i d ues 

Y 

The  rev i ew conc l u ded that the “Gu i de l i n e for Approva l  of a Method  of 
Ana l y s i s  for Res i d u e s” was  not needed because of the ora l i nact i v i ty of the 
~BGH formu l at i ons. Concerns about measur i n g  marker res i dues and tota l 
res i dues were irre levant. W e  agree. 
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Estab l i sh i ng a  W ithdrawa l 
Per i od 

T h e  rev i ew determ i ned that no res i due concentrat i on was  i n vo l v ed for the 
rBGH formu l at i ons a s  a resu lt of the ir ora l i nact i v i ty. In accordance w ith the 
“Gu i de l i n e for Estab l i s h i n g a w ithdrawa l  Per i od,” a dec i s i o n was  ma d e  by  
the FDA to set a w ithdrawa l  for food products at zero (0) days. W e  concur. 

Proposed Gu ide l i ne: 
Chem i stry Test i ng 

Th i s  wa s  a r e c ommend e d  gu i de l i n e for prote i ns on a case-by-case bas i s. 
Where  it cou l d  be demonstrated that the prote in i n quest i on was  not ora l l y 
act i ve, t i ssue res i dues wou l d  not be a h uman  food safety concern. S i n c e  the 
rBGH formu l at i ons are not ora l l y act i ve, chem i c a l  test i ng was  not requ ired. 
W e  concur. 

Human  F o o d  Safety 
S tatutory and 
Regu l atory 
Requ i rements 

Under sect i on 5 1 Z(a)( 1) of the Federa l  Food, Drug, and Cosmet i c  Act (2 1 
U.S.C. 360b(a)( l)), a n ew an ima l  drug i s d e emed  unsafe un l e ss there i s an 
approved +pp l i c at i on on f i l e a nd the drug, l abe l i ng, and use conform to the 
approved app l i cat i on. FDA i s  st i l l  i n the process of rev i ew i ng the sponsors’ 
app l i c at i ons for the ir rBGH products and i s eva l uat i ng the drugs and the ir 
l abe l i ng. 

In determ in i n g whether to approve a n ew an ima l  drug app l i cat i on, FDA i s  
requ i red (21 U.S.C. 360b(d)(2)) to cons i der a number of factors i nc l ud i ng 
the fo l l ow ing: 

9 “the probab l e c onsumpt i o n  of s u c h  drug and of any substance formed i n or 
on food because of the use of s u c h  drug. . .“; 

l “the cumu l a t i v e  effect on ma n  or an ima l  of s u c h  drug, tak i ng i nto account 
any chem i c a l l y  or pharmaco l o g i c a l l y  re l ated substance. . .“; and 

. “safety factors wh i ch, i n the op i n i o n of experts . . . are appropr i ate for the 
use of an ima l  exper imentat i on data. . . 0” 

W e  determ i ned that the above factors have been addressed i n the 
i nvest i gat i ona l  p h ase of the rBGH rev i ew, w ith the except i o n of ant i b i ot i c 
l e ve l s that m a y  be assoc i a ted w ith i ncreased mast i t i s  due to rBGH use. 
Dur i ng th i s rev i ew, FDA e ither requested or rev i ewed severa l  stud i es to 
address safety i s s ues a s  they perta in to the above requ i rements. Th i s  
i n c l u ded the phys i c o chem i c a l  ma k e u p  of the product. T h e  FDA requested 
that the firm s  subm i t  the chem i c a l  c ompos i t i o n  of the ir product for agency 
rev i ew. 

T h e  FDA rev i ewed the sc i ent i f i c l i terature on growth hormones and used 
th i s research a s  part of its ev i d ence to support its dec i s i o n that rBGH was  
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safe for h umans.  A l l  four sponsors subm i tted rat stud i es to the FDA 
show i n g that the ir rBGH formu l at i ons were ora l l y i nact i ve. Adm in i s trat i on 
of the rBGH formu l at i ons to rats d i d not cause any stat i st i ca l l y s i gn i f i cant 
changes or adverse effects when  compared to contro l s for the l eve l s at 
wh i c h  res i dues wou l d  occur. 

A l so, IGF-I stud i es were conducted b y  the sponsors a s  a resu lt of an FDA 
request that a l l  four of t h em address the potent i a l  for ora l act i v i ty of IGF-I i n  
h umans.  Some  firm s  had comp l e t ed these tests a s  of August 1989. T h e  FDA 
conc l u ded that IGF-I adm i n i s tered ora l l y i s b i o l og i ca l l y  i nact i ve. T h e  FDA 
determ i ned that the d i fference i n IGF-I l e ve l s  i n m i l k  from untreated and 
from treated c ows was  ins i gn i f i cant. Last l y, the FDA requested 
documentat i o n on the pur ity of the drug c ompo u n d  from the sponsors. 

Subsect i o n 5 11.1 (b) of t it le 2 1, Code  of Federa l  Regu l at i ons, out l i n es a 
n umber of cond i t i o ns that mus t  be adhered to b y  sponsors of n ew an ima l  
drugs who  are seek i n g to use t h em for c l i n i ca l  i nvest i gat i ons. W e  ex am i n e d  
two of these cond i t i ons, wh i c h  were techn i ca l  i n nature. 

Paragraph 5 11.1 (b)(5) out l i n es when  products from an ima l s  treated w ith 
i nvest i gat i ona l  n ew an ima l  drugs m a y  be author i zed for h uman  
consumpt i o n. Sponsors mus t  s h ow that consumpt i o n  of food der i ved from 
an ima l s  treated at the m a x im um l eve l s w ith the m i n im um w ithdrawa l  
per i od w i l l  not be “i ncons i stent” w ith the goa l s  of pub l i c  hea l th. A l so, there 
mus t  be ev i d ence that “food . . . does not conta i n drug res i dues or 
metabo l i t es.“’ W e  determ i ned that these requ i rements were met. T h e  FDA’s 
rev i ew of rat stud i es conc l u ded that the rBGH formu l at i ons were ora l l y 
i nact i ve and resu l ted i n no res i dues. Thus, res i dues d i d not c omprom i s e  
pub l i c  hea l th. 

Subparagraph 5 11.1 (b)@ )(iv) proh i b i ts sponsors from represent i ng the * 
n ew an ima l  drug a s  safe or effect i ve for the purposes for wh i c h  it i s under 
i nvest i gat i on. W e  determ i ned that th i s requ i rement was  not met  because 
sponsors have a l ready ma d e  pub l i c  pronouncements attest i ng to the safety 
of rBGH even though it h a s not yet rece i ved F ’DA approva l . T h e  FDA a l so has 
ma d e  i nappropr i ate statements regard i ng the safety of rBGH. T h e  agency 

‘A  th ird cond i t i on, wh i c h  we  d i d not e x am i n e  b e c a u s e  it is adm in i strat i ve i n nature, requ i r es the 
sponsor to subm i t  i n format i on regard i n g the n ame  a n d  l ocat i on of the pack i n g  p l ant whe r e  the an ima l s  
are processed. 
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has taken steps to address th i s def i c i e ncy a s  noted i n a recent Department 
of Hea l th and Huma n  Serv i c es Inspector Genera l ’s  report.2 

T h e  Center for Veter i nary Med i c i n e  interna l m em o  19 requests that 
sponsors subm i t  a re l i ab l e a s s a y  method  for detect i ng drug res i dues i n 
ed i b l e t i s sues of treated an ima l s . T h e  FDA determ i ned that th i s requ i rement 
was  not app l i c ab l e b ecause no a s s a y  c a n  d i st i ngu i sh between nBGH and the 
rBGH formu l at i ons. An  ass a y  for iGF-I was approved for one of the sponsors. 

In s ummary ,  a l l  h uma n  food safety gu i de l i n es have e ither been addressed 
i n  the rBGH rev i ew or were irre levant. T h e  one i s sue we  have ident i f i ed i s a 
re l ated concern about i ncreased ant i b i ot i c l e ve l s i n m i l k  and beef ow i n g to 
the i ncreased i n c i d ence of mast i t i s  i n rBGH-treated cows. Th i s  i s sue i s 
d i s c ussed i n the an ima l  safety sect i on that fo l l ows. 

An imd Safety 
Gu i de l i n es 

T h e  fo l l ow ing d i s cuss i o n of the an ima l  safety rev i ew i s d i v i d ed i nto two 
parts: an eva l uat i on of the subm i tted protoco l s and, then, an eva l uat i on of 
the p i vota l  study summar i e s ,  wh i c h  i l l ustrate where i n the rev i ew process 
spec i f i c gu i de l i n es were or were not addressed. 

Compar i s o n  Between the Our conc l u s i o ns about wh i c h  an ima l  safety gu i de l i n es were met  in the 
GGdehe s  ad the f i -~bc& protoco l s i s prov i ded i n append i x  VIII. T h e  fo l l ow ing i s a summar i z a t i o n  of 

the techn i ca l  areas of the gu i de l i n es that we  conc l u ded were not met  i n the 
protoco l s. 

Drug To l e rance 

Max i n u n n  Dos e  Leve l s  

T h e  drug to l erance test character i zes, under contro l l ed cond i t i ons, the 
target an ima l  response to a tox i c d ose of a drug. T h e  protoco l s d i d not 
address the exc l u s i v e u se of target an ima l s  and the assurance that on l y  the 
market formu l a of the drug was  used. 

l  

T h e  ob j ect i ves of the tox i c i ty stud i es i n target an ima l  spec i e s  are to 
d o c ument the safety of the drug product for the target an ima l  under 
cond i t i o ns of r e c ommend e d  use and to h i gh l i ght the s i g ns and effects 
assoc i a ted w ith the tox i c i ty of the drug product. If f i ve t im e s  the m a x im um 
re c ommend e d  drug use l eve l , or l ess, i s tox i c to the test an ima l s , the 

‘Se e  Department of Hea l t h a n d  Huma n  Serv i c es, Off i ce of Inspector Genera l ,  “Aud i t of Issues Re l a t ed 
to the F o o d  a n d  Drug  Adm in i s trat i o n Rev i ew of Bov i n e  Somatotrop i n ,” Feb. 1992. 
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Route of Adm in i s trat i on 

Study Des i g n  

Reproduct i v e Stud i e s 

T i s k e  Irr itat ion 

Phys i c a l  Exam i n a t i o n s  

Mast i t i s  ” 

stud i es shou l d  d o c ument the m a x im um dose l eve l  of the drug product that 
c a u s e s  no obv i o us adverse effects to an ima l  hea l th or product i on. T h e  
protoco l s d i d not emphas i z e  or ref lect the i dent i f i cat i on of the m a x im um 
dose l eve l  w ith no i l l  effects. 

Route of adm in i strat i on shou l d  be the proposed route, or routes, that w i l l  
appear on the labe l . T h e  protoco l s d i d not emphas i z e  adm in i strat i on of the 
tested drug for the r e c ommend e d  route. 

In des i g n i n g tox i c i ty exper iments, cons i derat i on shou l d  be g i v en to 
h i stor i ca l  data on use of the drug:A l i terature search shou l d  be conducted 
and c omb i n e d  w ith resu l ts of any pre l im i nary exper iments to determ i ne the 
poss i b l e  areas of drug tox ic i ty. Stud i e s shou l d  be conducted i n hea l thy 
rum i nants representat i ve of the spec i e s  and c l a s s of rum i nants for wh i c h  
the drug i s i ntended. In regard to the protoco l s, no l i terature searches were 
ev i dent and us i n g spec i f i c c l a s ses of rum i nants a s  a representat i ve spec i e s  
was  not d i s cussed. 

Stud i e s shou l d  be conducted on both s e x e s  to eva l uate poss i b l e  drug 
effects on fert i l i ty i n the target spec i e s. Fert i l i ty i s sues, reproduct i ve data, 
and i nformat i on on concept i o n and abort i on rates were not addressed 
comp l e te l y  i n mos t  of the protoco l s and FDA c omment s .  Protoco l s d i d not 
ment i o n  if ma l e  offspr i ng were tested for effects of the rBGH formu l at i ons 
on the ir neonata l  a nd postnata l  deve l o pment. T h e  FDA d i d not c ommen t  on 
th i s m i s s i n g  i nformat i on. 

Stud i e s for i n j ectab l e drugs shou l d  estab l i s h the t im e  it requ i res for the 
t i s sues surround i ng an i n j ect i on s i te to return to an acceptab l e  cond i t i on. 4 

Severa l  protoco l s d i d not state that i n j ect i on s i te e x ams  wou l d  be 
performed. T h e  FDA c ommen t s  d i d not address th i s i ssue. 

An  exam i nat i o n shou l d  be conducted for the purpose of detect i ng a ny 
abnorma l i t i e s that m a y  be drug-re lated. T h e  protoco l s d i d not emphas i z e  
phys i c a l  e x ams  to detect abnorma l i t i es. 

T h e  mast i t i s  gu i de l i n es were deve l o ped after the protoco l s for the ~BGH 
research had been prepared. Consequent l y , no protoco l s ref l ected mast i t i s  
gu i de l i n es. 
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Append i x  III 
Gu i d e l i n e  Con f o rmanc e  

Compar i s o n  Between the 
Gu i de l i n es a nd the P ivota l  
Study Summar i e s  

Our in it ia l  rev i ew of the protoco l s resu l ted i n the i dent i f i cat i on of severa l  
p rob l em areas. W e  extended our eva l uat i on to p i vota l  study s ummar i e s  to 
determ i ne if these s ame  prob l ems or other, n ew prob l ems ex i sted. Our 
deta i l ed conc l u s i o ns are presented i n append i x  IX. After rev i ew i ng the 
sponsors’ p i vota l  study summar i e s ,  we  found that the number of prob l em 
areas was  reduced. However, four prob l em areas st i l l  ex i sted. 

M a x im um Dose  Leve l s  

Study Des i g n  

Reproduct i v e Stud i e s 

Mast it i s 

T h e  p i vota l  study s ummar i  ‘e s  d i d not emphas i z e  the i dent i f i cat i on of 
m a x lm um dose l eve l s w ith no i l l  effects. 

T h e  p i vota l  stud i es d i d not emphas i z e  or ref lect requ i red l i terature 
searches or that the proposed adm in i strat i on route shou l d  be that wh i c h  
was  entered on the tested drug’s  labe l . 

Fert i l i ty i s s ues and reproduct i ve stud i es on both s e x e s  were not addressed 
comp l e te l y  i n mos t  of the p i vota l  study s ummar i e s  and FDA c omment s .  
Summar i e s  d i d not ment i o n  if ma l e  offspr i ng were tested for effects of the 
~BGH formu l at i ons on the ir neonata l  a nd postnata l  deve l o pment. T h e  FDA 
d i d not conc l u de that th i s wa s  m i s s i n g  i nformat i on. However, after 
rev i ew i ng the raw data deve l o ped for the p i vota l  stud i es, we  determ i ned 
that a l l  cr it i ca l areas had been addressed. 

In the c a s e  of mast i t i s, the i nvest i gat i ona l  research conducted b y  the 
sponsors was  i nc l u ded i n both the an ima l  safety and drug eff i cacy stud i es. 
For the purpose of our report, we  have c omb i n e d  our f i nd i ngs into th i s 
sect i on under an ima l  safety. W e  found that mos t  of the mast i t i s  gu i de l i n es 
had not been addressed i n the p i vota l  study s ummar i e s  (see append i x  X). 4 

Compar i s o n  Between the As ment i o n ed i n the methodo l o g y sect i on of th i s report, after determ in i n g 
Gu&&es  ad the F &W  D&a  that there were an ima l  safety gu i de l i n es that d i d not appear to have been 

addressed i n the p i vota l  study summar i e s ,  we  took an add i t i ona l  step i n our 
eva l uat i on. W e  f irst had an expert pane l  rev i ew these spec i f i c gu i de l i n es 
that we  determ i ned had not been ref l ected i n the p i vota l  study s ummar i e s  
to determ i ne wh i c h  were cr it i ca l to the va l i d i ty of the rBGH an ima l  safety 
and mast i t i s  rev i ews. Afterward, we  rev i ewed the raw data support i ng the 
p i vota l  study s ummar i e s  to determ i ne if these requ i rements had been met  
but s imp l y  not ref lected in the s umma  r ies subm i tted to FDA. 
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Append i s  III 
Gu i d e l i n e  Con f o rmanc e  

In the area of an ima l  safety, the expert pane l  determ i ned that none of the 
outstand i ng gu i de l i n es were cr it i ca l to the va l i d i ty of the stud i es. But i n the 
mast i t i s  area, the expert pane l  determ i ned that there were s i x  gu i de l i n es 
that were cr it i ca l to the va l i d i ty of the stud i es. T h e y  were: (1) status at end 
of tr ia l; (2) status at dry off; (3) status of ca l v i ng; (4) a l l  quarters s amp l e d  
7-14 d a y s  before tr ia l entry; (5) resamp l e  w ith i n 10 d a y s  if d ifferent status 
than l ast samp l e ;  and (6) s ummar y  of rate of i n t r amammary i nfect i on (IMI), 
durat i on of IMI, preva l e nce of IMI, i n c i d ence of c l i n i ca l  mast i t i s, and sever i ty 
of c l i n i ca l  cases. In exam i n i n g  the raw data, we  found that every one of 
these cr it i ca l requ i rements had been met  i n the mast i t i s  stud i es (see 
append i x  XI). 

Summar y  Conc l u s i o n In sp i te of i nformat i on gaps i n both protoco l s and p i vota l  study summar i e s ,  
our exam i nat i o n of the raw data deve l o ped for the p i vota l  stud i es l e ads u s  
to conc l u de that a l l  cr it i ca l a n ima l  safety gu i de l i n es were addressed i n the 
rBGH I l ?V i eW. - 

Drug E ff icacy 
Gu i de l i n es 

Our rev i ew of drug eff i cacy gu i de l i n es was  a l s o d i v i d ed i nto an a s s e s sment 
of the protoco l s and p i vota l  stud i es s o  that we  cou l d  d i scern where i n the 
FDA rev i ew process spec i f i c gu i de l i n es were or were not addressed. 

Compar i s o n  Between the After ana l y z i n g the protoco l s and the FDA rev i ew of them, we found 
Gu ide l i n es a nd the Protoco l s numerous drug eff i cacy gu i de l i n es that had not been addressed. Our 

deta i l ed conc l u s i o ns are presented i n append i x  XII. As  h i gh l i g hted i n the 
append i x, mos t  drug eff i cacy gu i de l i n es were not ref l ected i n the subm i tted 
protoco l s. 

Coqpar i s on Between the 
Gu j de l i n es a nd the P ivota l  
Study Summar i e s  

We  found that the prob l ems in the drug eff i cacy protoco l s cont i nued into 
4 

the p i vota l  study summar i e s .  (Our deta i l ed conc l u s i o ns are prov i ded i n 
append i x  XIII.) Treatment reg imen, reproduct i ve i s sues, and des i g n and 
ana l y s i s  were not addressed. Suc h  i s s ues a s  start ing t im e s  of treatment, use 
of reproduct i ve a i ds, and b l o ck i n g procedures were a l s o not addressed. 
Other k e y  areas i n wh i c h  we  found def i c i e nc i es i n c l u ded b l i n d i ng and 
accountab i l i t y of the drug and nutr it i on and feed eff i c i ency i s sues. 
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Append i x  III 
Gu i d e l I ne Conf o rmanc e  

Compar i s o n  Between the As in the c a s e  of an ima l  safety and mast i t i s  gu i de l i n es, we  extended our 
G~de~es and t,he &W  Data, eva l uat i on of the comp l e t e ness of the rBGH drug eff i cacy rev i ew to 

determ i ne if the gu i de l i n es were met  but s imp l y  not ref l ected i n the p i vota l  
study summar i e s .  W e  rev i ewed the raw data deve l o ped for the stud i es. 
(Append i x  XIV presents our f ind i ngs.) W e  found that a l l  cr it i ca l drug 
eff i cacy gu i de l i n es were addressed i n the p i vota l  stud i es. 

Summar y  Conc l u s i o n Although we  found i nformat i on gaps i n both the protoco l s and p i vota l  
study summar i e s ,  we  determ i ned b y  exam i n i n g  the raw data deve l o ped for 
the stud i es that a l l  cr it i ca l drug eff i cacy research gu i de l i n es were 
addressed. - 

Conc l us i o ns We  found that a l l  cr it i ca l gu i de l i n es for a va l i d  a n ima l  safety, mast i t i s, and 
drug eff i cacy research rev i ew of the four rBGH products current l y 
subm i tted for approva l  to FDA were met. In o&rev i ew of the rBGH research 
study conc l u s i o ns, however, we  found one resu lt that ref lects a ser i ous 
shortcom i ng. As  we noted above, the research rev i ew of the rBGH 
formu l at i ons a s  a h uman  food safety res i due r i sk was  thorough. However, 
the pre l im i nary conc l u s i o n of the an ima l  safety stud i es i s that the i n c i d ence 
of mast i t i s  i s i n creased for an ima l s  be i n g treated w ith rBGH versus contro l  
an ima l s . 

There are two sources of i nformat i on that support the conc l u s i o n that 
i n creased mast i t i s  i n c i d ence i s assoc i a ted w ith treatment of the rBGH 
formu l at i ons. F irst, dur i ng our rev i ew of the stud i es that had been 
subm i tted to FDA for the four &GH producta seek i n g approva l , we  noted 
that the treatment groups had a cons i stent l y h i gher i n c i d ence of mast i t i s  
than the contro l  groups. T h e  propr ietary nature of the i nformat i on 
prevents u s  from prov i d i ng the actua l  data from the stud i es. Second, the 4 
mos t  comprehens i v e  pub l i s hed study exam i n i n g  the i ncrease i n mast i t i s  for 
rBGH-treated c ows has s h own that, for the tr ia ls conducted b y  one of the 
sponsors i n the Un i ted States and Europe, there was  an i ncrease both i n 
the number of c ows exper i enc i ng mast i t i s  and i n the i n c i d ence of mast i t i s  
between the contro l  a nd treatment group~.~ For the c ows that exper i e nced 
mast i t i s  dur i ng the tr ia ls, 87 of 4 10 c ows exper i e nced mast i t i s  i n the 
contro l  group (21.2 percent) wh i l e  120 of 429 c ows (28 percent) 
exper i e nced mast i t i s  i n the treatment group. For i n c i d ence of mast i t i s, 148 

3Ne i I Craven, “M i l k  Product i o n and Mast&Is Suscept i b i l i t y: Genet i c  Re l at i o nsh i p s a n d  Inf l u ence of 
Bov i n e  Somatotrop i n  Treatment,” Manun i t e s  d e  Vac h e s  La i t i eres (Tou l o use: Po l y g one, 1992). 
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Appe n d b  III 
Gu i d e l I ne Conf o rmenc e  

d i screte c a s e s  were ident i f i ed i n the contro l  group and 178 c a s e s  i n the 
treatment group. On a norma l i z e d bas i s, th i s resu l ts i n an i n c i d ence rate of 
0.361 c a s e s  per c ow in the contro l  group and 0.415 c a s e s  per c ow in the 
treatment group. T h e  i ncreased i n c i d ence of mast i t i s  ra i ses one concern 
about the poss i b i l i t y of i ncreased use of ant i b i ot i cs to treat the mast i t i s  and 
the poss i b i l i t y of i ncreased l eve l s of ant i b i ot i cs occurr i ng i n m i l k  and beef 
products. 

Look i n g aga i n  at the rBGH rev i ew, we  d i d not f ind a ny gu i de l i n es that 
requ i red the eva l uat i on of the rBGH formu l at i ons a s  an ind i rect or 
secondary h uman  food safety r isk; that is, a s  an an ima l  drug that c a u s e s  an 
an ima l  hea l th effect (mast i t i s) that i s treated b y  a chem i c a l  agent 
(ant ib i ot i cs) that, i n turn, ma k e s  its way  into the food supp l y. Th i s  i s a 
shortcom i ng i n the FDA an ima l  drug rev i ew approach. 

Another concern i s whether the poss i b i l i t y of i ncreased ant i b i ot i c l e ve l s i n 
m i l k  and beef products poses a r i sk that wou l d  affect the approva l  of ~BGH 
products. A  recent GAO report has conc l u ded that the current test i ng 
metho d s  are not adequate for determ in i n g the extent to wh i c h  m i l k  i s 
contam i nated b y  ant i b i ot i cs beyond acceptab l e  l e ve l s 4 

G i v en th i s conc l u s i o n and a concern about the extent to wh i c h  m i l k  
ant i b i ot i c contam i nat i o n i s occurr i ng, we  be l i e ve the sponsors shou l d  
determ i ne through research whether the use of the ~BGH formu l at i ons 
resu l ts i n i n creased l eve l s of ant i b i ot i c res i dues i n m i l k . None  of the 
research conducted for rBGH approva l  h a s  addressed th i s concern. 

4 F o o d  Safety a n d  Qua l i t y: FDA Surveys Not Adeq u a t e  to Demon&ra t e  Safety of M i l k  Supp l y  
(GAO/RCED-91 - 2 6 ,  Nov. 1, 1990). 
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Append i x IV 

Process Issues 

In th is append i x, we d i scuss our fourth eva l uat i on quest ion: How can the 
FDA an ima l  drug rev i ew process be improved? These conc l us i ons ref lect 
on l y our eva l uat i on of the rBGH rev iew. However, they may suggest more 
genera l  areas of weaknesses in the overa l l  FDA rev i ew process. 

FDA Protoco l Rev i ew Protoco l s and the FDA’s rev i ew of them def ine for n ew an ima l  drug 
approva l  what and h ow data wi l l b e co l l ected in support of an app l i cat ion. 
The p ivota l study is performed to demonstrate the safety and eff icacy of 
the proposed an ima l  drug. We  found that i n the rBGH case, many gu ide l i nes 
were not ref lected e ither in the protoco ls or in the study summar i es for 
an ima l  safety and drug eff icacy. 

The FDA d id not note that numerous gu ide l i nes were m iss i ng from the 
protoco ls and stud ies. Protoco l  rev i ews were conducted at d ifferent leve ls 
of spec if ic ity and thoroughness as were rev i ews on the p ivota l stud ies. 
FDA’s comments on l y sporad ica l l y ob l i gated or rem inded the f irms to 
fo l l ow important gu ide l i nes. We  found that FDA d id not s e em to ass i gn 
much importance to the thoroughness of the protoco l rev i ew or the 
protoco ls themse l ves. 

Systemat ic Track ing 
Procedure 

We d id not observe any systemat ic track ing procedure with in FDA to 
mon i tor wh i ch f irm and wh i ch dose form met gu ide l i nes or addressed 
spec if i c hea l th or safety i ssues under l y i ng the gu ide l i nes. Nor is there a way 
to determ ine what informat ion has a l ready been prov i ded by a f irm and 
wh i ch p i eces of informat ion or ana lys i s for the n ew an ima l  drug app l i cat ion 
are m iss i ng. Such a roadmap wou l d perm it the agency to mon i tor and 
manage the app l i cat ion process and thus ensure that a l l n eeded 
informat ion wou l d form the bas i s of an FDA dec is i on. 

Human Food Safety 
Rev i ew 

The h uman food safety gu ide l i nes focus on ident ify ing and mon itor i ng 
pr imary drug (res idue) r isks in an ima l  by-products. The research and 
poss i b l e hea l th impacts of ant ib iot ics in cows treated with rBGH suggest 
that ind irect nonres i due r isks may a l so need to be emphas i z ed and 
exp l i c it ly addressed in an FDA human food safety rev i ew for an ima l  drugs. 
Th i s a l so ra ises the quest i on of whether h uman consumpt i on of food 
products shou l d be a l l owed before an ima l  safety stud ies have been 
comp leted. 
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Append i x  IV 
Proeeerr Ierues 

FDA Author i zat i on of T h e  FDA approved the c ommerc i a l  sa l e  of m i l k  and beef from rBGH-treated 

F o o d  P roduct 
Consumpt i o n  

cows, dec i d i n g that the m i l k  wa s  safe for h uman s  to dr ink. Th i s  wa s  
cons i stent w ith current FDA regu l at i ons and i s s im i l a r to procedures used 
for other n ew an ima l  drug app l i cat i ons. There i s pub l i c  concern 
surround i ng the author i zat i on of food products from an ima l s  that are st i l l  
under an i nvest i gat i ona l  drug status. 

Th i s  i s sue i s b ased on the concern of persons who  do not want to 
unknow i n g l y  dr i nk m i l k  or eat beef from treated c ows before the FDA has 
comp l e t ed its rev i ew of a n ew an ima l  drug. T h e  pub l i c  wou l d  not norma l l y  
be aware it i s c o n s um i n g  the by-products of th i s i nvest i gat i ona l  drug under 
the current process un l e ss sponsors chose to ma k e  the ir stud i es and 
app l i c at i ons pub l i c. 

Current l y, the dec i s i o n to author i ze c ommer i c a l  sa l e  of products from test 
an ima l s  i s taken when  h uman  safety concerns have been addressed. Th i s  
pract i ce shou l d  be reeva l uated i n l i ght of poss i b l e  secondary effects, wh i c h  
m a y  not ar i se unt i l  a n ima l  safety and drug eff i cacy test resu l ts have been 
subm i tted b y  the sponsors. Th i s  i s espec i a l l y  pert inent g i v en the above 
e x amp l e  of ~BGH and the i s sue of poss i b l e  secondary hea l th effects 
assoc i a ted w ith i ncreased mast i t i s  and ant i b i ot i c l e ve l s found i n m i l k  from 
rBGH-treated cows. 

Pag e  3 2  GAO/PEMD-9 2 - 2 6  FDA’s Bev i ew of Becomb i n a n t  Bov i n e  Growth Ho rmon e  



Append i x V 

An ima l Safety Gu ide l i nes 

Gu ide l i nes 1 .Use on l y target an ima ls. 

2.Induce tox ic ity and record c l in ica l s i gns. 

3.Patho l og i c and h isto log ic data co l l ected. 

4.Market formu la of drug used. 

5. If drug is for l ong-term use, shou l d adm in i ster 1 OX max imum dose for 
up to 21 days. 

6. Tests shou l d be conducted on l y on hea l thy an ima l s (at least 4 cows 
requ ired). 

7. Ident ify max imum dose leve l w ith no i l l effects. 

8. Statement on good laboratory pract ices. 

9. Admin i strat i on by recommended route. 

lOConduct l i terature search. 

11, Conduct mu lt i p l e dose leve l stud ies. 

12. Use rum inants as representat ive spec i es. 

13. Admin i ster drug for at least 6 weeks if for l ong-term use (Comp l ete 
An ima l  Safety Study). 

14. Dos i ng reg ime shou l d i nc l ude 0,1X, 3X, 5X leve ls. 

15. Proposed route of admin i strat ion shou l d be that on the labe l. 

16. Eva luat i on shou l d i nc l ude we ight, feed/water consumpt i on. 

17. Patho l og i c tests on a l l an ima l s that show s igns of tox ic ity shou l d be 
done. 

18. Gross patho l og i c e xams on random ly se l ected cows shou l d be 
performed. 

19. Reproduct i ve stud ies shou l d be conducted on both sexes. 
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Append i x  V  
An lma l  Safety Gu l d e l h ~  

20. Fert i l i ty study shou l d  emphas i z e  estrous cyc l e, mat i ng, concept i o n 
rate, and gonada l  funct i on. 

2 1. Teratogen i c and embryotox i c  effects shou l d  be determ ined. 

22. Effects of drug on l abor and de l i very, abort ion, and neonata l  v i ab i l i ty 
shou l d  be exam i n ed. 

23.Evahrate fert i l i ty of both sexes. 

24. In j ect i on s i te e x ams  shou l d  be performed. 

25. Stud i e s shou l d  be conducted on hea l thy cows. 

26. Phys i c a l  e x ams  to detect abnorma l i t i e s shou l d  be performed. 

27. Gross e x ams  for patho l og i c l e s i o ns and organ we i ghts shou l d  be 
comp l e te. 

28. H isto l og i ca l  e x ams  on t i ssues shou l d  be done. 

29. C l i n i ca l  patho l og i c tests shou l d  be conducted. 
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I Append i x  VI 

Mas tit is  G u ide l i nes 

Gu ide l i nes 1. Infect i on status of a l l quarters of a l l c ow s  determ i ned before study. 

2. Infect i on status determ i ned at i nterva l s not l onger than 6 0  d a y s  wh i l e o n  
tr ia l. 

3. Infect i on status determ i ned at e n d  of tr ia l, 

4. Infect i on status determ i ned at dry i n g off. 

5. Infect i on status determ i ned at the ca l v i n g fo l l ow ing the l actat i on in 
wh i c h  the drug wa s  tested. 

6. Al l quarters shou l d  b e  s amp l e d  7-14 d a y s  before tr ia l entry. 

7. Wh e n  cu l ture resu l t s d iffer from status determ i ned for the quarter at l ast 
samp l i n g, then quarter mus t  be  resamp l e d  in dup l i c ate w ith i n 1 0  d a y s .  

8. Al l c ow s  shou l d  b e  o b s e r v e d  tw i ce da i l y for e v i d e n c e  of c l i n i ca l  mast l t l s  
b y  forestr i pp i ng. 

9. Samp l e s  shou l d  b e  refr i gerated w ith i n 1 5  m i n utes for transport to a  
l aboratory. 

10. Wh e n  cu l ture of s amp l e  wi l l  not o c c u r  w ith i n 2 4  hours, s amp l e  shou l d  
b e  frozen for storage a n d  transport. F r o z e n  s amp l e s  shou l d  b e  cu l tured 
w ith i n 7  d a y s .  

11. Laboratory tests shou l d  b e  suff i c i ent to i dent i fy n umer o u s  
m i c roorgan i sms. 

12. C l i n i ca l  mast i t i s  data shou l d  b e  s ummar i z e d  separate l y  from 
i n t r amammary i nfect i on data. 

13. Ca u s e  of c l i n i ca l  mast i t i s  s ummar i z e d  ruder four categor i e s: s i ng l e 
pathogen, m i x e d  i nfect i on, c l i n i ca l -no iso l at i on, c l i n i c a l -contam inated. 

14. C l i n i ca l  s ever i t y c o d e s  shou l d  b e  u s e d  a n d  reported. 

15. Summar y  data shou l d  b e  obta i ned for rate of i n t r amammary i nfect i on 
(IMI), durat i on of IMI, preva l e n ce of IMI, i n c i d e nce of c l i n i ca l  mast i t i s, 
sever i t y of c l i n i ca l  c a s e s .  
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Append i x  VI 
Maet i t l e GuIde l i n e s 

16. Data on somat i c  ce l l  c ounts shou l d  be obta i ned for each cow, at l east 
once per month. 

17. A l l  s omat i c  ce l l  count determ inat i ons shou l d  be converted to a l og sca l e  
or l og score. 
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Append i x VII 

Drug Eff icacy Gu ide l i nes 

Gu ide l i nes A. Inc i dence of mast it i s was eva l uated. 

B. Data co l l ected under f ie ld cond it i ons. 

1. Mi l k we ights recorded once every 7 days. 

1A. Mi l k we ights taken for 1 day (24 hours). 

2. Mi l k product i on determ ined/expressed as 3.5 FCM per day. 

3. Mi l k we ights from tota l we ight co l l ected, d iv i ded by number of days in 
treatment. 

4. If BGH adm in i stered week l y or less, da i l y m i l k we ights requ ired. 

5. If cows dr ied before 305 days, mi l k records extrapo l ated to 305 days. 

6A. If dr ied off due to l ow product ion, comp let i ng 2/3 of treatment, 
extrapo lat i on not permitted. 

6B. Actua l  FCM wi l l b e d i v i ded by expected number of days at 305 days. 

7. FcM not to be ad j usted to mature equ i va l ence. 

8. Week l y  treatment means of mi l k and FCM y ie l ds to be p lotted at each s ite 
and data poo l ed. 

9. Feed eff ic iency-rat io of FCM per NE i ntake, corrected for body we ight 
changes, over treatment per iod. 

10. Tota l F TM produced is to be d iv i ded by NE intake, over t ime per iod. 

11. Dr ied off before 305 days: tota l FCM d iv i ded by NE i ntake over t ime ti l l 
dry off. 

12. Body we ights taken every 4 weeks. 

13. Change in body we ight: subtract body we ight at in it iat ion from body 
we ight at end of per iod. 

14. Factor of 5.12 Mea l  per kg ga i n/4.92 Mea l  l oss in body we ight used to 
correct feed eff ic iency. 
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Append i x  VU 
Drug  Effhcy Gu i d eBne a  

15. Contro l  a nd three nonzero l eve l s for groups. 

16. M a x im um effect i ve dose: h i ghest l eve l  of BGH above wh i c h  no 
s i gn i f i cant improvement occurs. 

17. L i near p l ateau or po l y nom i a l  ana l y s i s  mode l s  shou l d  be used. 

18. M i n im um of three herds from d ifferent geograph i ca l  areas. 

19. H igh- and l ow-produc i ng and mu l t i p arous and pr im i parous c ows to be 
used. 

20. Var i at i on at wh i c h  c ows are started on treatment shou l d  be no greater 
than 7 days. 

2OA. Treatment starts at dry off or 400th day of lactat ion. 

2 1. Contro l  a n ima l  shou l d  rece i ve an equ i va l ent i n j ect i on. 

22. Start/f in i sh t im e  for da i l y  m i l k i n g  i n s ame  order. 

23. Cow shou l d  rema i n  on BGH unt i l  400th day of l actat i on or dry off. 

24. Dry i ng off shou l d  occur between 45 and 60 d a y s  before partur it i on or if 
m i l k  fa l l s b e l ow a certa i n l eve l  or when  l ast c ow i s off BGH. 

25. Nonpregnant c ows or c ows w ith l ong open per iod: shou l d  be on 
treatment unt i l  4 0 0 d a y s  or when  m i l k  fa l l s b e l ow certa i n l eve l  or when  l ast 
cow iSOff BGH. 

26. Pretreatment average based on 2 wee k s ’ m i l k  product i on. 

27. Unsa l a b l e  m i l k  i n c l u ded i n m i l k  product i on tota ls. 

28. Tota l  we i ght of unsa l a b l e  m i l k  recorded for each cow. 

29A. Sa l a b l e  FCM  averaged and s ummar i z e d  for each group or s ite. 

29B. Wee k l y  treatment me a n s  p l otted at each s ite. 

30. Data for ent ire l actat i on co l l ected: FCM  product i on, for each treatment. 
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Append ix VII 
Drug Effkecy Gu i d ehes 

31. Data for ent ire lactat ion co l l ected: feed eff ic iency, for each treatment. 

32. Cows hav i ng over 305 days lactat ion-parameters: average FCM per 
day, feed eff ic iency, unsa l ab l e FCM, number of d i sease treatment days. 

33A. Body we ights for correct ion of feed eff ic iency and an ima l hea lth, by 
us i ng accurate sca les. 

33B. Body cond it i on scores taken by same person. 

34. Measurements on each cow in three herds p lus tr ia ls. 

35. Measurement every 4 weeks, pretreatment through dry off. 

36. Month l y treatment means p lotted for each s ite. 

37. Temperature and humid i ty recorded da i l y for each s ite. 

38. Ind iv i dua ls b l i nded to treatments or dose leve ls. 

39. Drug accountab i l i ty: in ject ion route, storage, record of use. 

40A. Mon itor ing by sponsor to be thorough. 

40B. Instruct ion we l l  descr i bed; protoco ls a nd standard operat i ng 
procedures at each s ite. 

41. Feeds samp l ed once per week, poo l ed/ana l yzed once per month. 

42. Feed leve ls determ ined: dry matter, crude prote in, ca lc i um, 
phosphorus, and ac id detergent f iber. 

43. NE content est imated and ca lcu lat ions reported. 

44A. Da i l y feed intake per cow once each 7 days, in o ne herd. 

44B. Feed eff ic iency: three herds with feed refusa ls l rwe igh backs recorded. 

45A. NE i ntake per cow once per week (from beg i nn i ng of treatment to 
terminat ion). 
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Append i x  MI 
Drug  Ef! l ca.cy Gu i d e l i n e s 

45B. Wee k l y  me a n s  p l otted over t im e  at each s ite, data poo l e d over a l l  
s i tes. 

46A. NE ca l cu l at i on: NE ba l a nce = NE i n take - (m i l k  NE + ma i n t enance 
NE). 

46B. Wee k l y  me a n s  p lotted, NE ba l ance. 

46C. Ma i n t enance a l l owance i ncreased 20 percent for f irst l actat ion. 

47. F e e d  eff i c i ency: corrected for changes i n b ody we i ght. 

48. Requ i r ements for ma i n t enance and m i l k  product i on met: NE, prote in, 
ca l c i um, and phosphorus. 

49. Poo l  of s i res used cons i stent l y/random ly for a l l  treatment groups. 

50A. Med i c at i o n s to a i d reproduct i ve performance mus t  not cover up 
potent i a l  reproduct i ve prob l ems. 

50B. Reproduct i v e agents not to be used before treatment. 

5 1A. If treatment g i v en at 70 d a y s  postca l v i ng, shou l d  rebreed. 

51B. If not pregnant at 65 d a y s  of BGH treatment: use approved therapeut i c 
a i ds. 

51 C. Compar i s o n  amon g  treatments: reproduct i ve performance at end of 
1st 65 d a y s  and end of 2nd 65 days. 

52A. If treatment l e ss than 70 days: no agents shou l d  be used unt i l  1 3 5 
d a y s  postca l v i ng. 

52B. Reproduct i v e a i d s m a y  be used: 135-200 d a y s  postca l v i ng. Eva l u ate 
at beg i n i n g and end. 

53. M i l k  progesterone a s s a y s  used through l actat i on for cyc l i n g. Cannot be 
used to a i d i n breed i ng unt i l  per i ods ment i o n ed above. 

54. Cr iter ia for reproduct i ve a i d s ma d e  i n a dvance for each herd. Use d  
cons i stent l y and documented. 
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Append i x  VII 
Drug  Effhey Gu l de l l n er 

55. S ituat i ons requ ire u se of hormona l  therapy. Not for use to treat 
metr it i s. 

56. Herd breed i ng and po l i c y recorded. 

57. Breed i ng: report heat-mon i tor i ng metho d s  and personne l . 

58. Records i nc l u de any use of a i d s for reproduct i ve performance. 

59. Compare: reproduct i ve performance to rest of herd and w ith past 
years. 

60. Descr i b e spec i a l  med i c a l  cond i t i o ns that cou l d  i nf l uence reproduct i ve 
eff i c i ency. 

6 1. Descr i b e spec i a l  env i r onmenta l  cond i t i o ns that cou l d  i nf l uence 
reproduct i ve eff i c i ency. 

62. Reproduct i v e performance character i zed, for he i fers and mu l t i p arous 
cows. 

63A. Abort i on up to 7 d a y s  before expected ca l v i ng: not cons i d ered 
partur it ion. 

63B. Partur it i on i s de l i v ery of dead ca l f 7 d a y s  before expected ca l v i ng. 

64. Average/compare between groups: pregnancy rate, concept i o n rate, 
number of l i ve b irths per cow. 

65. Average/compare between pregnant and nonpregnant: d a y s  to 1st heat, 
d a y s  to 1st i nsem inat i on, average number of d a y s  between serv i ces, a 
serv i c es per cow, l ength of lactat ion. 

66. Average/compare for pregnant cows: serv i ce per concept i on, d a y s  
open, number of abort ions., number of st i l l b i rths, l ength of gestat i on, 
ca l v i n g interva l, d a y s  carr ied ca lf. 

67. Cows  open to be phys i c a l l y  e x am i n e d  to determ i ne prob l em. 

68. Aborted fetuses, st i l l born ca l v es, p l acentas: shou l d  be necrops i ed. 

69. Ca l v i n g shou l d  be scored us i n g numer i c a l  c o d e s (1 to 5). 
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Drug  Eff l cwy Gu i d e l i n e@ 

70A. Bod y  we i ghts of a l l  c a l v e s taken at b irth. 

70B. He ifer ca l v e s we i g h ed at 2 and 4 wee k s  of age. 

7 1A. A l i quot m i I k  poo l e d proport i ona l  to m i l k  y i e l d from 24-hour per iod: 
prote in, fat, somat i c  ce l l s. 

7 1 B. Somat i c  ce l l s  l og transform before averag i ng, me a n s  converted b a c k  
to actua l  counts, per cow. 

72A. Leve l  of phosphorus, ca l c i um, l actose: 3-4 t im e s  dur i ng l actat ion. 

72B. M i I k  ana l ys i s, method/source reported. 

72C. M i l k  from each c ow in one herd ana l y zed for BGH for 3 t ime s ,  

73. Hea l th prob l ems recorded: observat i ons, treatment dec i s i o ns, doses, 
metho d s  of adm in i strat i on. 

74. Phys i c a l  e x ams  rec ommended .  

75. In j ect i on s i te sca l e: norma l  m i l k , i nfected, ma j o r react i on. 

76. Breeds to be b l ocked. 

77. Pr im i parous and mu l t i p arous b l o cked separate l y. 

78. B l o c k s  f i l l ed w ith h omoge n o u s  pretreatment FCM  groups. 

79. No  more than 20 l b.-spread of pretreatment FCM  i n  a  b l ock. 

80. B l o c k s  formed w ith i n 6-8 wee k s  of c ows entry into b l ock. 

81. Random i z at i o n  for each b l o ck determ i ned i n advance. 

82. Eva l u ate d i fferences i n FCM  product i on: pretreatment and l actat i on 
number. 

83. M i s s i n g  data noted and cause. 

84. If c ow removed after 2/3 of treatment: extrapo l ate product i on to 
3 0 5&y lactat i on (or de lete). 
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Drug  Eff l cncy GuIde l ime 

86. F e e d  eff i c i ency: base on actua l  data if 2/3 per i od co l l ected. 

86. Dr i ed off before 305 days: data extrapo l ated to 305 days. 

87. If dry off due to l ow product i on: no extrapo l at i on. FCM  d i v i d ed b y  
expected d a y s  of treatment. 

88. Cow removed due to l l l ness: a lI data de l eted and reason. 

89. If var i a nces heterogenous amon g  herds: we i ghted ana l ys i s. 

90. If error var i a nces d ifferent for pr im i parous and mu l t i parous: separate 
ana l ys i s. 

9 1. Is treatment response dependent on l eve l  of pretreatment product i on. 

92. Average pretreatment FCM  product i on b y  dose l eve l s d i s counted if 
P  > 0.05. 

Page 4 3  GAOpEMD-9 2 - 2 6  FDA’s l&v i ew of Recomb i n a n t  Bov i n e  Growth Ho rmon e  



Append i x VIII 

Compar ison Between the Gu ide l i nes and the 
Protoco ls on An ima l Safe’ 

Drug To leranceb An ima l SafetyB 
Ou lde l l ne Met Part ly met Not met Met Part ly met Not met 
D&j t i i ler in& te8te 

-.-~- l _ - ____I_--__----~----- 
___ - 

0 
_.__ .__~ - ..__ - --~~- .~- 

1. Use on ly target an ima l$ 0 4 d d d 
_..-.- __ .-... - -.-- 
2: fnduce tox ic ity and record cl in ica l s igns 4 0 0 d d d 

--. ---- __.- -___ 
3. Patho log ic and h isto log ic data co l lected 2 1 1 d d # 

. . .._....... -. ._..__.._._._......_.. .-~_____ ___ -____. -_---~-.-..--~-~-~ 
4. Market formu la of drug usedC 1 3 0 d d d 
- ..-._ -. . .._ 
5. If long-term use, up to 10X max imum dose; 21 days 4 0 0 d d d 

_ ._. _ _ _. .._.. _... ..- -._ --. 
6. Test on ly hea lthy an ima ls, up to four cows’ 1 1 2 d d d 

Max lmum dore leve l8 ___--._-... _ -..-~ ~- ._-~~--~ -... --~ 
7. Ident ify max imum dose leve l with no il l effectsC 0 0 4 1 0 11 .I. _.__. - ..-..____..-_ -..- 
Food laboratory pract lce8 _.. . ..--_-.-. ~~___ -.-__..- -..-.-... ~... -~~ -..-- 
8. Statement on GLPs 4 0 0 11 0 1 .._.. _... -. --- -..- .-__ -.__~..- ._..____ --.-_-- ___- 
Route _._.._. - _._. .-._-.---_ _.- ____ -. 

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

9. Admin istrat ion by recommended routeC 1 3 0 4 a  0  .-- _.__ -- ___. . ..__ -._ .__ ..~___.. ---_.. 
Study der lp l l_ 
10. L iterature searchC d d d 0 0 12 ___“I_.._____. .^.... --.-.-..-----_- ____---.-----.-__ 
11. MuJ le dose leve ls done d d d 11 0 1 - __-. - .~.. .----. _.- ._-.. ---- 
12. Use ruminants as representat ive spec ies’ d d d 2 0 0 -- ..-__ -_.-.- -._ - _... -- .-__- -___ ___-. _ ..__ -----~~-..-~.- _~~.. 
13. Comp lete An ima l Safety Study, at least 6 weeks d d d 12 0 0 _-.-__., .._ _...__ -__---..-- -___.-. ____--___~ _~~--.~--__~. 
14. Comp lete An ima l Safety Study dose leve ls: 0, 1 X, 3X, 5X d d d 7 0 5 _..___... - . .._ ..-- ..--. 
15. Proposed route shou ld be that on labe lC d d 

_~. 
d 1 11 0 _ ~- ...~~ ~~ ..__.___ _____ -__.-111__-- 

Obrervat lonr - ._.. I. ..~. - .-.. - ..-. --..~~--- ..____-_. __________ _~ -.. ~~___~____ .-- 
16. We ight, feed, water consumpt ion noted d d d 1 1  1 0 _-... ._ ._ _ _ .__-.. . ..__..___.._ --____~ -.._______- 
17. Patho log ic tests on al l that show s igns of tox ic ity and 
random ly se lected d d d 11 1 0 -___- ____-- 
18. Gross patho log ic exams on prese lected cows d 7 d- 1 0  2 0 ____.___~ .~~~-__~~.__~..~_--..-..---. 
Reproduct ive etud ler ...I... ,_. . _.- ._~-..--.._---.._- ..__ __ _____._._ 
19. Reproduct ive stud ies on both sexes’ r- d d 4 7 1 _.... ..--.. -...-. -... - .- _.-_ _. -.. ..I._-.----------__ -__ __~-__.~~- _~~ .~_--- ~~ .~.--_~ ~~...~-- 
20. Fert i l i ty-estrous cyc le, mat ing, concept ion rate, gonada l 
funct ionC d d d 1 10 1 l 

_  . _ -~-- 
21. Teratogen ic and embryotox ic effectsC r---- d -.-d--- ~-~ 5 5 2 . -~~ .._. ___---- 
22. Labor/de l i very, abort ion, neonata l v iab i lkty exam ined d d d 6 5 1 ------I_ 
23. Eva luate ferti l ity of both sexes’ d d d 1 9 2 
T lrrus Irrlt it lor i 

- _.---_--_ l-__.- __--- .__. - .-.- ---- _- __--.__~-..- --- 

24. ln iedt ion s ite examsC d d d 6 2 4 
Ts i i in lma lr 

. . ------ 

25. Stud ies shou ld be conducted on hea lthy cows’ d d d 2 2 8 _. .._ .- ..__ -...- _-..-_ .-.. ~-. .- 
(cont inued) 
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Compa r h o n  Betwee n  the Gntde l l ns l  -d the 
Protoco l e on An lma safety 

Drug To l eranc# An ima l  Safety’ 
Qu lde l l ne Met Part ly met Not met Met Part ly met Not met 
Phyr lca l  exam inat i ons -.- 
26. Phys i c a l  e x ams  to-detect abnorma l i t i e sCe d d  d  4  7  1 
27. Gros s  e x ams  for patho l o g i c  l e s i o ns and organ we ights d d d  10 0 2  ---“-- ___-- -. 
28. H isto l og i ca l  e x ams  o n  t i ssues’ d  d  d  1 0  0  2  
29. C l i n i ca l  patho l o g i c  e x am@ d d d  

i i  0 1 

a T h e r e  are two ma j o r  Target An ima l  Safety Stud i es. T h e  Drug  To l e r ance Study character i zes, u n d e r  
contro l l e d cond i t i o ns, the target an ima l  r e s p o n s e  to a  tox i c d o s e  of a  drug. T h e  Comp l e t e  An ima l  Safety 
Study d o c ument s  the safety of the drug a n d  mon i t ors safety Issues s u c h  a s  reproduct i o n, d i s ease, a n d  
the l oca l  effects o n  the an ima l  wh e n  g i v en the i nvest i gat i ona l  drug. 

? h e  Drug  To l e r ance Study gu i d e l i n es are found i n 1-9. T h e  An ima l  Safety Study gu i d e l i n es are found i n 
7-29. (Both types of stud i e s requ i re gu i d e l i n es 7-9.) T h e r e  were  4  protoco l s  for Drug  To l e r ance a n d  1 2  
protoco l s  for Comp l e t e  An ima l  Safety. 

‘T h e s e  gu i d e l i n es are those that we  determ i n e d were  not fu l l y a ddressed, b e c a u s e  mor e  than 5 0  percent 
of the resu l ts were  e i ther on l y  part ia l l y met  or not met  at a l l. 

dNot app l i c ab l e. 

‘Ocu l a r, equ i l i b r i um, muscu l a r  d i s turbance, appet i te, i n j ect i on s ite, gastro i ntest i na l , card i ovascu l ar, 
resp i ratory, a n d  behav i o r. 

‘P itu i tary g l a nd, thyro i d g l a nd, k i d neys, adrena l  g l a nds, heart, l i ver, a n d  stomach. 

sB l o o d  a n d  s e r um chem istr i es, hemato l o g y, ur i na l ys i s, a n d  feca l  exam i nat i o n. 

Pa g e  4 5  GAO/PEMD-9 2 - 2 6  FDA’s Bev i ew of Be c omb h umt  Bov i n e  Growth Ho rmon e  



Append i x JX 

Compar ison Between the Gu ide l i nes and the 
P ivota l Stud ies on An ima l Safetya 

Qulde l l no ____._-.. _-_-. ..--_--._-.._ 

Drug To l eranceD An ima l Safe@ 
Met Not met Met Not met Part ly met Part ly met 

1. Use on lv taroet an ima ls 4 0 0 0 c c 
2. Induce tox ic ity-and record cl in ica l s igns 3 0 1 C C c 
-- --... -_---..--- .--_-...- --_ 3. Pathob ic and h isto loQic data co l lected 3 1 0 c C C 

--- - 4. Market formu la of drug used 3 1 0 C c c 
.___-._” _-.-._- ---- 5. If long-term use, up to 10X max imum dose; 21 4 0 0 C C C 
--._ -_.- ____.._ -.-_ -- 

days 
6. Test on ly hea lthy an ima ls, up to four cows 2 1 1 c c c 

MaxImum dow leve l0 - ---...__ _ -..._.- ~ _.-. -_- ____.- 
7. Ident ify max imum dose leve l with no il l effectsd 1 0 3 2 0 2 --.---_. .--.---..-_____-- 
Qood laboratory pract lcsa 
6. Statement on GLPs 4 0 0 4 0 0 ---.- ._..-- -_---_-- ___- -- 
ROUtb 

9. Admin istrat ion by recommended route 4 0 0 3 1 0 
Study deo lgn 1 o L,teratur*searcha -_-.. ----.~--I -_--. 

C c C 0 0 4 -- .._ - -._.. .-_ .--.. _. .^._ -- _---- .____ 
11. Mult ip le dose leve ls done C c c 4 0 0 ___._..____.. ̂._ .._.._I..._ _ _.._.--_ __- 
12. Use ruminants as representat ive spec ies c c C 4 0 0 
13. Comp lete An ima l Safety Study, at least 6 weeks C -6 c 4 0 0 -- .._._-. ..-. .___ - . .-.--_ -- .._. -__.--..-____-___- 
14. Comp lete An ima l Safety Study dose leve ls: 0, 1 X, 3X, 5X C C c 4 0 0 I______- 
15. Proposed route shou ld be that on labe ld c C C 1 3 0 _,~“l,____“._ ___. _ .--.-----._-_ ____-- ---. 
Obrervat lonr -- -.---___ 
16. We ight, feed, water consumpt ion noted 0 c C 4 0 0 ---.- -.-_.--~~...- .--.--_.. ..-_-._- ..-. -- -__. -- --_ 
17. Patho log ic tests on al l that show s igns of tox ic ity and 
random& se lected c C c 4 0 Q  -- _-. .--.__ -.-- -.-..- ._.. - .__ - ____-_. -..I__ _--- 
18. Gross patho log ic exams on prese lected cows C c C 4 0 0 __-... .-___ - .____ ..^..-. -.- ...~--______-- ______ __-..-___-.. 
Reproduct ive etud lea --- 
19. Reproduct ive stud ies on both sexesd C C C 1 3 0 -..-_ -~ ..-.-.. . . . -_.-..~~~ . -~.-..--_.-. -~~ 
20. Pert i l i ty-estrous cyc le, mat ing, concept ion rate, gonada l 
funcf ion c c c 3 1 0 I, _..- ___,.-. -._ ..- - ~~ . ~~~ .._. 
21. Teratogen ic and embryotox ic effects C c c 2 2 0 ___“__-* ___ -. _._.._._ _... ~. _ _. .._ - _..__ - _~.-.---- .__ -~--__-__ - 
22. Labor/de l i very, abort ion, neonata l v iab i l ity exam ined C C C 4 0 - __..- - .._. ..--.-. ~~ --. __...._.__ d-- ..__.___ ____. __I__--- ._-_ -- -- 0 
23. Eva luate ferti l ity of both sexes c c C 1 3 0 __,^___,____. . -_..I- ~_.... ~._...__ ..-. -._-- .._..- _.__.____-__ -- -I_ 
T l owe Irr ltat lon __--.__~ ~- 
24. In ject ion s ite exams C c C 4 0 0 _._..... . . .” - ..- ~~~ ..~ ______--~ 
Ted an lma lr ___... 4 -.-. .-._ ..~.~_ . . . ..______________.__.. --_--__--_~~--_-___-__-____ 
25. Stud ies shou ld be conducted on hea lthy cows c c - C 4 0 0 _._. - . ..__... I.. ._~.._. --. .__ .._ -- -.--_--. ..- --..___----__-- 

(cont inued) 
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Append i x Ix 
Compa h o n  Between the Gn i de l i u ea a n d  the 
P ivota l  Stud i er o n  An ima l  Safety 

Oulde l l no 
Phyr lca l exam lnat l ono 

Drug To l erance’ An ima l Safe@ 
Met Part ly met Not met Met Part ly met Not met 

26, Phys ica l exams to detect abnorma l i t i es* C c C 3 1 0 
27. Gross exams for patho log ic les ions and organ we ights c c c 4 0 0 
28. Histo log ica l exams on t issues’ c c c 4  0  0 
29. Cl in ica l patho log ic examsg c C c 4  0  0  

‘There are two ma jor Target An ima l  Safety Stud i es. T he Drug To l e rance Study character i zes, u n d e r  
contro l l e d cond i t i ons, the target an ima l  r e sponse to a  tox ic d o s e  of a  drug. The Comp l e te An ima l  Safety 
Study documents the safety of the drug a n d  mon i tors safety i ssues such as reproduct i on, d i sease, a n d  
the loca l  effects o n  the an ima l  wh e n  g i v en the i nvest i gat i ona l  drug. 

? h e  Drug To l e rance Study gu i de l i n es are found in 1-9. The An ima l  Safety Study gu i de l i n es are found in 
7-29. (Both types of stud i es requ i re gu i de l i n es 7-9.) There were 4  protoco l s for Drug To l e rance a n d  1 2  
protoco l s for Comp l e te An ima l  Safety. 

‘Not app l i cab l e, 

d T h e s e  gu i de l i n es are those that we  determ i ned were not fu l l y addressed, b e c a u s e  more than 5 0  percent 
of the resu l ts were e i ther on l y part ia l l y met or not met at a l l. 

‘Ocu l ar, equ i l i br i um, muscu l a r d i sturbance, appet i te, i n j ect i on s ite, gastro i ntest i na l , card i ovascu l ar, 
resp i ratory, a n d  behav i or. 

‘Pitu itary g l and, thyro i d g l and, k i dneys, adrena l  g l a nds, heart, Ifver, a n d  stomach. 

OB l o o d  a n d  serum chem istr i es, hemato l o gy, ur ina l ys i s, a n d  feca l  exam inat i on, 
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Append i x X 

Compar ison Between the Gu ide l i nes and P ivota l 
Stud ies on Mast it isa 

Oulde l l ne Met __I ..- ..,. - .-... ~~~~ . - ~~ . . . Part ly met Not met -__ 
1. Infect ion status before tria l 4 0 0 ..- -...- .-- .._..__ _._ “.. .._ ..-- -. --- --.__~_._- ..-_- ___I _-.-.-.__-- l___-__ l_ 
2. Status every 60 days 3 0 1 
3: Status at end of tr ia lb 

__I..- ~ .----.- 
0 0 4 

4. Status at dry offb 
__--- --. 

1 0 3 -. ._ -. _ 
5. Status at ca lv ingb 

__ -._-.- ~~.----___.-.- .._ ___.._~________ _..____ __.--___- __.__.__.._ ------- 
0 0 4 .--. __-. -..- - _.” . . -.--_-- ~..-..- ..___.__.-__._____--... -.-.- -__ -___ _-- .~ --. 

3. Al l quarters samp led 7-14 &IJIS before entryb 0 1 3 _. _._I” _ __ .._.. --.. _ ~..__ _..._ 
7. If d ifferent status than last samp le, must resamp le with in IO daysb 0 0 4 .- . _._.._ ~.--. ..-._--.-. _-__---~.---~-__~ __..___._-._ - 
8. Observed twice da i ly for cl in ica l mast it is by forestr ipp ingb 0 1 3 
9. Samp les refr igerated with in 15 minutes for transport to laboratotyb 0 0 4 -.__ -._. .-.. ._._ - ..-. -- ..-.--_-__-_- _____ -_--_-- __..-- - _____. __ l_ l. __-._ ~._~_~~ .~_ .~ _~ _. _~._ ~__ ._~ ..___. ~~.. _.._ ~.. 
10. Samp le frozen if not to be cu ltured with in 24 hours; cu ltured with in 7 daysb 0 0 4 . . - .--.- --_.- -.._ ~--.__- ._.__ -_-- __-.-. ____-- 
11. Laboratory tests shou ld ident ify numerous microorgan ismsb 

~_---__--_--.----~---- --.-_.------. .- ..~.. .~ ..~ 
0 2 2 . ..__... __. .- . . . ..~ -. 

12. l ntramammary infect ion summar ized separate ly from cl in ica l mast it isb 1 0 3 ----.--~---.---._-__---.-----.--.-- .-_.--~-...-~ - 
13. Cause of cl in ica l mast it is summar ized under four categor iesb 0 0 4 ----_-I ..-.. - .------ - .-.. - 
14. Use cl in ica l sever ity codeb 0 0 4 _..... .-_ . . ..~. .._ ~. _.. . ._ .._ -._-.. ~... ___---- --.-_ ._..__~..._..___. 
15, Summary of rate of IMI, durat ion of IMI, preva lence of IMI, inc idence of cl in ica l 
mast it is, sever i$ of cl in ica l casesb 1 3 0 --._--.- -.-. -. -- ̂ _.__..__... -.--.-. .---~ -..~~~- .__.. ._._._ 
16. Data on somat ic cel l count for each cow, once per month 4 0 0 --.-------~-__-. 
17. Al l somat ic cel l counts converted to log sca le or log score 4 0 0 

‘There were  four p ivota l stud i es o n  mast it is. 

b ‘rhese gu i de l i nes are those that we  determ i ned were  not fu l ly addressed, because more than 5 0  percent 
of the resu lts were  e i ther on l y part ia l l y met or not met at a l l. 
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Crit ica l Gu ide l i nes on Mastit is and Raw Data 
Conc lus ions 

Quldo l l no l.----l.” ._.-......^__._. -.---_-. .- _____- 
1. infect ion status before tria l 
.-- -._...__. -.___-. -__.- .-- - ..-- -- 
3. Status at end of tria l -.---._-.--__--_____-_ 
5. Status at ca lv ing 
6. Ai l quarters samp led 7- l 4 days before entry ..- .._. _----._----_-- 
7. if d ifferent status than last samp le, must resamp le with in 
10 days --...-- ----._-.---- 
8. Observed twice da i ly-for c l in ica l mast it is by forestr ipp ing - __----.---- 
15. Summary of rate of IMI, durat ion of IMI, preva lence of IMI, 
inc idence of c l in ica l mast it is, sever ity of c l in ica l cases 

Raru lt 
Data from ind iv idua l cow records showed status at 
pretreatment t ime per iod 
Recorded in ind iv idua l cow records 
Recorded in ind iv idua l cow records - 
Recorded in pretreatment records _____ 
Recordsshow resamp i i ng and dates done 

Found in raw data 
Most informat ion found in ind iv idua l records or cou ld be 
extrapo lated from ex ist ing records 
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Append i x XII 

Compar ison Between the Gu ide l i nes and the 
Protoco ls on Drug Eff icacya 

Qulde l l ne 
Qenera l  
A. inc idence of mast it is was eva iuatedb 
B. Data were co l lected under f ie ld cond it ionsb 
Mi lk we lghtr 
1. Mi lk we ights were recorded once every 7 days 
1A. Mi lk we ights were taken for 1 day (24 hours) 
2. Mi lk product ion determined, expressed as 3.5 percent FCM per dayb 
3. Mi lk we ights from tota l we ight co l lected, and d iv ided by number of days in 
treatmentb 
4. If BGH admin istered week ly or less, da i ly mi lk we ights requ iredb 
Extrapo lat ion of we lghte 
5. if cows dr ied before 305 days, mi lk records are extrapo lated to 305 daysb 
6A. If dr ied off due to low product ion and comp leted 2/3 of treatment, extrapo lat ion of 
we ights is not permittedb 
6B. Actua l FCM wi l l be d iv ided by expected number of days on treatment at 305 daysb 
Fat corrected ml lk y le lde 
7. FCM not to be ad justed to mature equ iva lenceb 
6. Week ly trtatment means of mi lk and FCM yie lds are to be p lotted at each s ite and 
data poo led 
Feed off lc lency’ 
9. Feed eff ic iency = rat io of FCM per NE intake, corrected for body we ight changes, 
over treatment per iodb 
10. Tota l FCM produced d iv ided by NE Intake, over t ime per iodb 
11. if dr ied off before 305 days, tota l FCM d iv ided by NE intake over t ime ti l l dry offb 
12. Body we ights every 4 weeks 
13. Change in body we ight - subtract body we ight at in it iat ion from body we ight at 
end, of per lodb 
14. Factor of 5.12 Mca i per kg ga in/4.92 Mca i loss in body we ight used to correct feed 
eff ic iencyb 

Met Part ly met Not met 

8 0 10 
2 0 16 

14 0 4 
13 0 5 

7 1 10 

5 0 13 
7 1 6 

2 0 16 

1 0 17 
2 1 15 

2 0 16 - 

4 4 10 

1 2 7 
1 1 8 
2 0 8 
5 4 1 

0 2 0 

0 0 10 
Dare t ltrat lon 
15 Contro l and three nonzero dose leve ls for groupsb 7 8 3 b 
16. ‘M&mum effect ive doseb 2 3 13 
17. L inear p lateau or po lynomia l ana lys is mode l s to be usedb 2 1 15 
Hetd teet lng 
18. M in imum of three herds from d ifferent geograph ica l areas 9 3 6 
19. High- and low-produc ing mu lt iparous and pr im iparous cows to be usedb 4 5 9 
Truatment reg imen 
20. Var iat ion at wh ich cows are started on treatment shou ld be no greater than 7 daysb 5 1 12 
2OA. Treatment starts at dry off or 400th day iactat ionb 2 1 15 
21. ‘Contro l an ima l shou ld rece ive an equ iva lent in ject ion 12 4 2 

(cont inued) 

P-e 6 0  GAOIPEMD-92- 2 6  FDA% Rev i ew of Recomb i n ant Bov i ne Growth Hormone  



Compa r h n  Betwee n  the Gu i d e l i n e a a n d  the 
Protoco l  o n  Dmg  Bmea c y  

Qu lde l l ne 
BOH treatment 
22. Start/f in ish t ime for da i l y m i l k i ng in s ame orderb 
23. Cow shou l d rema i n on BGH unt i l 400th day or dry offb 
24. Dry i ng off shou l d occur between 45 and 60 days before partur it ion, or m i l k  fa l ls 
be l ow a certa in leve l, or last c ow is off E3GHb 
25. Nonpregnant or cows with l ong open per iod: on treatment unt i l 400 days, or m i l k  
fa l ls be l ow certa in leve l, or last c ow is off BGHb 
26. Pretreatment, average based on 2 weeks’ m i l k  product ion 
Unra l ab l e and ra lab le m l l k  
27. Unsa l ab l e m i l k  i nc l uded in m i l k  product ion tota lsb 
28. Tota l  we ight of unsa l ab l e m i l k  recorded for each cod 
29A. Sa lab l e FCM  averaged and summar i z ed for each group or s iteb 
298. Week l y  treatment mean s  p lotted at each s iteb 
Da i e co l l ectI& for lactat ion 

Met Part ly met Not met 

3 7 8 
1 6 11 

3 2 13 

5 2 11 
10 1 7 

5 0 13, 
5 1 12 
2 1 15 
2 0 16 

30, Data for lactat ion co l l ected: FCM  product ion, each treatment 
31. Data for ent ire lactat ion co l l ected: feed eff ic iency, each treatment 
32. Cows hav i ng over 305 days lactat ion-parameters: average FCM  per day, feed 
eff ic iency, unsa l ab l e FCM, number of d i sease treatment days 
Body we lghtr 
33A. Body we ights for correct ion of feed eff ic i ency/an ima l hea lth us i ng sca l esb 
338. Body cond it i on scores taken by s ame personb 
34. Measurements on each c ow in three herds p l us tr ia lsb 
35 Measurement every 4 weeks, pretreatment through dry off 
36. Month l y treatment mean s  p lotted for each s iteb 
Temperature and hum ld l ty 
37, Temperature and hum id i ty recorded da i l y each s iteb 
Bl lnd lf- ig and accountab l l l ty 
38. lnd lv i dua ls are b l i nded to treatments or dose leve l sb 
39. Drug accountab i l i ty: in ject ion route, storage, record of use mon i toredb 
40A. Mon itor i ng by sponsor to be thoroughb 
408. Instruct ions we l l  descr ibed, protoco ls and standard operat ing procedures at each 
s iteb ---._-____ .-...- 
Nutr lt lon ---._-___-- 
41. Feeds samp l e d once per week, poo l ed/ana l yzed once per monthb ------ 

9 3 6 
6 2 2 

0 0 16 

2 
1 
2 

13 
1 

7 

7 
3 
3 

2 

5 

8 6 
2 15 
3 5 
0 5 
2 15 

0 11 

0 11 
8 7 
1 14 

1 15 

6 7 
(cont inued) 
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Append ix XII 
Compea l e o n  Between the Gu i de l Iner a n d  the 
Protoco ls o n  Drug Eff lcncy 

WIde l Ine Met Partly met -- Not met 
42. Feed leve ls determined: 
deteraent f iberb 

dry matter, crude prote in, ca lc ium, phosphorus, and ac id 
7 1 10 

43. NE content est imated and ca lcu lat ions reportedb 
44A. Dai ly feed intake per cow once each 7 days, in one herd 
448. Feed eff ic iency: three herds with feed refusa ls/we igh backs recordedb 
45A. NE intake per cow once per week (from beg inn i ng of treatment to terminat ion)b 
458. Week ly means p lotted over t ime at each site, data poo l ed over al l s itesb 
46A. NE ba lance = NE intake - (mi lk NE + ma intenance NE)b 
468. Week ly means p lotted, NE ba lanceb 
46C. Ma intenance a l l owance increased 20 percent for 1 st lactat ionb 
47. Feed eff ic iency: corrected for changes in body we ightb 
48. Requ irement for ma intenance and mi lk product ion met: NE, prote in, ca lc ium, and 
phosphorusb 
RODrOduCt lOn 

49. Poo l of s ires used cons istent ly or randomly for al l treatment groupsb 

5 1 12 
9 4 5 
2 0 8 
0 7 11 

0 1 17 -- 
1 3 14 l__--- l___ 
0 0 18 
0 0 18 
1 0 9 

1 2 15 -___ 

1 1 16 ---_-___---____ 
50A. Med icat ions to a ig reproduct ive performance must not cover up potent ia l 
reoroduct ive orob lems 1 1 16 
6OB. Reproduct ive agents are not to be used before treatmentb 
51A. If treatment at 70 days postca lv ing, rebreed cowD 
51 B. If not pregnant at 65 days of BGH treatment, use approved therapeut ic a idsb 
51 C. Compar ison amov treatments: reproduct ive performance at end of 1 st 65 days 
and end of 2nd 65 davs 

3 
2 

0 
1 

15 
15 

____-- 
--- 

2 0 16 

1 0 17 

52A. If treatment is less than 70 days, no agents shou ld be used unti l 135 days 
oostca lv inab 0 1 17 

526. Reproduct ive a ids may be used 135200 days postca lv ing; eva luate at beg inn i ng 
and end 1 0 17 

53. Mi lk progesterone assays shou ld be used through lactat ion for cyc l ing; they cannot 
be used to a id In breed ina unt i l the oer iods ment i oned aboveb 2 1 15 
54. Criter ia for use of reproduct ive a ids made in advance for each herd; shou ld be 
used cons istent lv and documentedb 
55. State s ituat ions that requ ire use of hormona l therapy: not for use to treat metr it isb 
He9 breed ing 
56. Herd breed ing and po l icy recordedb 
57. Breed ing: report heat-mon itor ing methods and personne lb 

0 2 16 
0 1 17 

I__-- l 
1 2 15 -____--~.-. 
1 1 16 ____-. 

58. Becords inc lude use of a ids for reproduct ive performanceb any 0 1 17 --..----- 
59. ;Compare reproduct ive performance to rest of herd and with past yearsb 1 0 17 

60. !Descr ibe spec ia l med ica l cond it ions that cou ld inf luence reproduct ive eff ic iencyb 1 0 17 
(cont inued) 
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Append i x  XII 
Compar i s o n  Betwee n  the GuIde l i n e s a n d  the 
Protoco l s  o n  Drug  EfT i c acy 

Gu ide l Ine 
61. Descr i be spec ia l  env i ronmenta l  cond it i ons that cou l d i nf l uence reproduct ive 
eff ic i ency’” 
62, Reproduct i ve performance character ized for he ifers and mu lt i parous cowsb 
68A. Abort i on up to 7 days before expected ca lv i ng; noted as no partur it ionb 
686. Par lur it ion is de l i very of dead ca lf 7 days before expected ca l v i ngb 
64. Average and compare between groups: pregnancy rate, concept i on rate, number 
of l i ve b irths per cowb 
65, Average and compare between pregnant and nonpregnant: days to 1 st heat, days 
to 1 st i nsem inat i on, average number of days between serv ices, serv i ces per cow, 
length of lactattonb 
66. Average and compare for pregnant cows: serv ice per concept i on, days open, 
number of abort ions, number of st i l l b irths, length of gestat ion, ca lv i ng interva l, days 
carr ied ca lfb 
67. Cows open are to‘be phys ica l l y exam i ned to determ ine prob l emb 
68. Aborted fetuses~st i l l born ca lves, p lacentas: shou l d be necrops i edb 
69. Ca lv i ng shou l d be scored us i ng numer i ca l  codes (1 to 5)b ~. .____~_ 
70A. Body we ights of a l l ca l ves at b irth shou l d be recordedb - . - _ .__ _- 
708. He ifer ca l ves we i ghed at 2 and 4 weeks of ageb 
it i lk ana i&& i . -_-- 
? lA. ‘Al i&to l m i l k  poo l ed to be proport iona l to m i l k  y ie l d from 24-hour per iod: i nc l ude 
prote in, fat, somat i c ce l l sb . _--.~ 
718. Somat i c  ce l l  counts: log transform before averag ing, mean s  shou l d be converted 
back to actua l counts, per cowb “... . 
7%  Leve l  of phosphor.us. ca l c i um, lactose: 3-4 t imes dur ing lactat ionb -. 
728. M i l k  ana lys i s, method and source shou l d be reportedb 
72C. M i l k from each c ow in one herd ana l yzed for BGH 3 t imesb “... 
Genera l  hea lth 
73. Hed l th prob l ems recorded: observe, treatment dec is i ons, doses, methods of 
admin i strat ion” 
74. Phys i ca l  e x ams recommendedb- --.------ 
75. In ject ion s ite sca le: normaL irr itated, infected, ma j or react ionb 
&s l ~ ~  a n d  ana l y s i s  ~. -~ 
76. Brekds are to be b l ockedb 
77, Pr im iparous and mu lt i parous shou l d be b l ocked separata l yb 
78. B locks shou l d be f i l l ed w ith homogenous pretreatment FCM  groupsb - 

Met Part ly met Not met 

1 0 17 
0 3 15 
1 0 17 
1 0 17 

0 6 12 

2 1 15 

1 0 17 
3 1 14 
4 1 13 
1 0 17 
8 2 8 
5 0 13 

1 0 17 

0 0 18 
2 3 13 
3 1 14 
2 0 16 

7 7 4 
6 5 7 
4 9 5 

1 0 17 
6 2 10 
6 1 11 

79. No more than 20 lb. spread of pretreatment FCM  in a b l ock’ 4 0 14 
(cont inued) 
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Append i x  XII 
cOmpu l a o n  Between the Gn ide l tner a n d  the 
R oW lm  o n  Drug  Effkacy 

Qu ldo l l ne 
80. B locks shou l d be formed with in 6-8 weeks from cows’ entry into b l ockb 
Romova l  and dry off 
81. Random izat i on for each b l ock determ ined in advanceb 
82. Eva l uate d ifferences in FCM  product ion: pretreatment leve l and lactat ion numberb 
63. M iss i ng data are to be noted as we l l  as probab l e causeb 
84. If c ow is removed after 33 of treatment, product ion ma y  be extrapo lated to 
305-day lactat ion (or de lete) 
85. Feed eff ic iency: based on actua l data if 273 of treatment per iod is co l l ectedb 
86. Dr ied off before 305 days: data wi l l  be extrapo lated to 305 daysb 
87. If dry due to l ow product ion, no extrapo lat ion to $05 days; observed FCM  to be 
d iv i ded by expected days on treatment at 305th day 
88. Cow removed due to i l l ness: a l l data de l eted and reasonb 
Stat lot lca l cow ldwat l onr 
89. If var i ances are heterogenous among  herds, we i ghted ana l ys i s shou l d be 
performedb 
90. If error var i ances g ifferent for pr im iparous and mu lt i parous, separate ana l ys i s 
shou l d be conducted 
91. Data eva l uated to determ ine if response is dependent on leve l of pretreatment 
product i onb 
92. Average pretreatment FCM  product ion by dose leve ls d i scounted if P  > 0.05b 

‘“T h e r e  were  1 8  protoco l s  o n  drug eff i cacy. 

Yet Part ly met Not met 
1 1 16 

3 1 14 
0 3 15 
4 0 14 

1 0 17 
1 0 9 
2 0 16 

1 0 17 
1 1 16 

2 0 16 

0 0 18 

3 0 15 
2 1 15 

v h e s e  gu i d e l i n es are those that we  determ i n e d were  not fu l l y a ddressed, b e c a u s e  mor e  than 5 0  percent 
of the resu l ts were  e i ther on l y  part ia l l y met  or not met  at a l l. 

‘Gu i d e l i n e s g-14,31,34, 44B, 47, a n d  8 5  re l ated to feed eff i c i ency i ssues. T h e s e  were  re l evant i n 1 0  
protoco l s  that were  to support c l a ims of feed eff i c i ency. 
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Append i x XIII 

Compar ison Between the Gu ide l i nes and the 
P ivota l Stud ies on Drug Eff icacya 

Qulde l l ne 
A. Inc idence of mast it is was eva luated 
8. Data were co l lected under f ie ld cond it ions 
Mi lk we lghte 
1. Mi lk we ights were recorded once every 7 days 
1A. Mi lk we ights were taken for 1 day (24 hours) 
2. Mi lk product ion determined, expressed as 3.5 percent FCM per day 
3. Mi lk we ights from tota l we ight co l lected, and d iv ided by number of days in treatment 
4. If BGH admin istered week ly or less, da i ly mi lk we ights requ ired 
f ixtrapo lat lon of we lghtr 
5. If cows dr ied before 305 days, mi lk records are extrapo lated to 305 daysb 
6A. If dr ied off due to low product ion and comp leted 2/3 of treatment, extrapo lat ion of 
mts is not permittedb 
68. Actua l FCM wi l l be d iv ided by expected number of days on treatment at 305 daysb 
Fat corrected ml lk y le ldr 
7. FCM not to be ad justed to mature equ iva lenceb 
8. Week ly trtatment means of mi lk and FCM yie lds are to be p lotted at each s ite and 
data poo led 
Feed eff lc lencyC 
9. Feed eff ic iency = rat io of FCM per NE intake, corrected for body we ight changes, 
over treatment per iodb 
10, Totaf FCM produced d iv ided by NE intake, over t ime per iodb 
11. If dr ied off before 305 days, tota l FCM d iv ided by NE intake over t ime ti l l dry offb 
12. Body we ights every 4 weeks 
13. Change in body we ight 
end of per iodb 

= subtract body we ight at in it iat ion from body we ight at 

14. Factor of 5.12 Mea l  per kg ga irV4.92 Mea l  loss in body we ight used to correct feed. 
eff ic iencyb 
Dose t l jrat lon 
15. Contro l and three nonzero dose leve ls for groups 
16. Max imum effect ive dose: h ighest leve l of BGH above wh ich no s ign if icant 
improvement occurs 
17. L inear p lateau or po lynomia l ana lys is mode l s to be used 

Met Part ly met Not met 
4 0 0 
4 0 0 

4 0 0 
4 0 0 
4 0 0 
3 0 1 
4 0 0 

0 2 2 

0 1 3 
0 1 3 

0 0 4 

2 1 1 

0 4 
1 2 
0 3 
0 1 

1 2 

0 3 

0 0 

0 0 
0 1 

(cont inued) 

a 
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Append i x  XIII 
Compa r h n  Betwee n  the Gu l de l i n er a n d  the 
Ptvotat 8tudte8 o n  Drug  Bff l cacy 

Qu lde l l ne 
Herd tert lng 
18; M i n imum of three herds from d ifferent geograph i ca l  areas 
19. H iah-and l ow-produc i na mu lt i oarous and or im ioarous cows to be used 

Met Pnrt ly met Not met 

4 0 0 
4 0 0 

Treatment reg imen 
20. Var iat i on at wh i ch cows are started on treatment shou l d be no greater than 7 daysb 2 0 2 
20A. Treatment starts at dry off or 400th day iactat ionb 0 1 3 
21. Contro l an ima l  shou l d rece ive an equ iva l ent in ject ion 4 0 0 
BQH treatment 
22. Start/f in ish t ime for da i l y m i l k i ng in s ame orderb 1 0 3 
23. Cow shou l d rema i n on BGH unt i l 400th dav or drv off 2 2 0 
24. Dry i ng off shou l d occur between 45 and 60 days before partur it ion, or m i l k  fa i ls 
be l ow a certa in leve l, or last c ow is off BGH 
25. Nonpregnant or cows with l ong open per iod: on treatment unt i l 400 days, or m i l k  
fa i ls be l ow certa in leve l, or last c ow is off BGH 
26. Pretreatment, average based on 2 weeks’ m i l k  product ion 
Unsa l ab l e and sa lab l e m l l k  
27. Unsa l ab l e m i l k  i nc l uded in m i l k  product ion tota lsb 
26. Tota l  we ight of unsa l ab l e m i l k  recorded for each c ow 
29A. Sa lab l e FCM  averaged and summar i z ed for each group or s iteb 
298. Week l y  treatment mean s  p lotted each s iteb 
Date co l l ect lon for lactet lon 
30. Data for lactat ion co l l ected: FCM  product ion, each treatment 
31. Data for ent ire lactat ion co l l ected: feed eff ic iency, each treatment 
32. Cows hav i ng over 305 days lactat ion-parameters: average FCM  per day, feed 
eff ic iency, unsa l ab l e FCM, number of d i sease treatment days 
Body we lghte 

4 0 0 

3 1 0 
4 0 0 

2 0 2 
3 0 1 
1 1 2 
1 1 2 

4 0 0 
2 0 2 

0 0 4 

33A. Body we ights for correct ion of feed eff ic i ency/an ima l hea lth us i ng sca l es 2 2 0 
338. Body cond it i on scores taken by s ame personb 1 3 0 
34. Measurements on each c ow in three herds DIUS tr ia ls 3 0 1 
35. .Measurement every 4 weeks, pretreatment through dry off 4 0 0 
36. Month l y treatment mean s  p lotted for each s ite 2 2 0 8 

(cont inued) 
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Oulde l l no 
Temperature and humld l ty 
37. Temperature and humid i ty recorded da i l y each s ite 
Bl l nd lng and Accountab l l l ty 
36. ind iv idua ls are b l i nded to treatments or dose leve ls 
39. Drug accountab i l i ty: in ject ion route, storage, record of use mon itored 
4OA. Mon itor ing by sponsor to be thoroughb 
408. instruct ions we l l  descr ibed, protoco ls and standard operat ing procedures at each 
s iteb 
iktr lt lon 

Met Part ly met Not met 

3 1 0 

2 0 2 
2 1 1 
1 0 3 

1 0 3 

41. Feeds samp l ed once per week, poo l ed/ana l yzed once per month 
42. Feed leve ls determined: dry matter, crude prote in, ca lc i um, phosphorus, and ac id 
detergent f iber 
43. NE content est imated and ca lcu lat ions reported 
44A. Da i l y feed intake per cow once each 7 days, in one herd 
448. Feed eff ic iency: three herds with feed refusa ls/we igh backs recordedb 
45A. NE Intake per cow once per week (from beg inn i ng of treatment to terminat ion) 
458. Week l y means p lotted over t ime at each s ite, data poo l ed over a l l s ites 
46A. NE ba l ance = NE intake - (mi lk NE + ma intenance NE) 
468. Week l y means p lotted, NE ba l anceb 
46C. Ma intenance a l l owance increased 20 percent for 1 st iactat ionb 
47. Feed eff ic iency: corrected for changes in body we ight 
48. Requ i rement for ma intenance and mi lk product ion met: NE, prote in, ca lc i um, and 
phosphorus 
Reproduct i on 

2 2 0 

2 1 1 
2 1  1 
4 0 0 
1 0 3 
3 1 0 
2 0 2 
2 1 1 
1 1 2 
1 0 3 
2 0 2 

3 0 1 

49. Poo l of s ires used cons istent ly or random ly for a l l treatment groupsb 0 0 4 
50A. Med icat i ons to a id reproduct ive performance must not cover up potent ia l ’ 
reproduct ive prob i emsb 0 1 3 -- 
508. Reproduct i ve agents are not to be used before treatmentb 0 0 4 -- 
51A. if treatment at 70 days postca lv ing, rebreed cowb 0 0 4 
51 B. If not pregnant at 65 days of BGH treatment, use approved therapeut ic 
a i dsb 0 0 4 
!%?%mpar i son among treatments: reproduct ive performance at end of 1st 
65 days and end of 2nd 65 daysb 0 0 4 --_- _ 
52A. If treatpent is less than 70 days, no agents shou l d be used unt i l 135 days, 
postca lv i ng 0 1 3 

(cont inued) 
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Append i x  XIII 
Compa r h o n  Betwee n  the Gu i d e l i n e 8 a n d  the 
Ftvotd Stud i er o n  D l p e  Bff i cacy 

Qu lde l l ne 
528. Reproduct i ve a i ds ma y  be used 135 200 days postca lv i ng; eva l uate at 
beg i nn i ng and endb 
53. M i l k  progesterone assays shou l d be used through lactat ion for cyc i i nq 
they cannot be used to a id in breed i ng unt i l the per i ods ment i oned above 
54. Cr iter ia for use of reproduct ive a i ds mad e  in advance for each herd; shou l d 
be used cons istent ly and documentedb 
55. State s ituat ions that requ ire use of hormona l  therapy; not for use to treat 
metr it i sb 
Herd breed i ng 
56. Herd breed i ng and po l i cy recordedb 
57. Breed i ng: report heat-mon itor i ng methods and personne i b 
56. Records inc l ude any use of a i ds for reproduct ive performanceb 
59. Compare reproduct ive performance to rest of herd and w ith past yearsb 
69. Descr i be spec ia l  med i ca l  cond it i ons that cou l d i nf l uence reproduct ive eff ic i encyb 
61. DescrLbe spec ia l  env i ronmenta l  cond it i ons that cou l d i nf l uence reproduct ive 
eff ic i ency 
62. Reproduct i ve performance character ized for he ifers and mu lt i parous cows 
63A. Abort i on up to 7 days before expected ca lv i ng: noted as no partur it ionb 
638. Partur it lon is de l i very of dead ca lf 7 days before expected ca i v i ngb 
64. Average and compare between groups: pregnancy rate, concept i on rate, number 
of l i ve b irths per cot i 
65. Average and compare between pregnant and nonpregnant: days to 1 st heat, days 
to 1 st i nsem inat i on, average number of days between serv ices, serv i ces per cow, 
length of iactat ionb 
66. Average and compare for pregnant cows: serv ice per concept i on, days open, 
number of abort ions, number of st i l l b irths, length of gestat ion, ca lv i ng interva l, days 
carr ied ca lfb , 
67. Cows open are to be phys ica l l y exam i ned to determ ine prob l em 
68. Aborted fetuses, st i l l born ca lves, p lacentas: shou l d be necrops i ed 
69. Ca lv i ng shou l d be scored us i ng numer i ca l  codes (1 to EI)~ 
70A. Body we ights of a i l ca l ves at b irth shou l d be recorded 
709. He ifer ca l ves we i ghed at 2 and 4 weeks of age 
M i l k  ana lyr lr 
71A. Aifquot m i l k  poo l ed to be proport iona l to m i l k  y ie l d from 24-hour per iod: i nc l ude 
prote in, fat, somat i c ce i l sb 

Met 

0 

0 

0 

0 

0 
0 
0 
0 
0 

0 
2 
0 
0 

1 

0 

1 
2 
2 
0 
4 
4 

0 

Part ly met Not met 

0 4 

0 4 

1 3 

0 4 

1 3 
2 2 
0 4 
0 4 
0 4 

0 4 
0 2 
0 4 
0 4 

3 0 

4 0 

2 1 
0 2 
1  1  
0 4’ 
0 0 
0 0 

l  

0 4 
(cont inued) 
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Append i x  XIII 
Corn-n Betwee n  the Gu i d e l i n e a a n d  the 
F i vota l  st l l d i ee o n  Drug  Efncacy 

Qu lde l l ne 
71 B. Somat i c  ce l l  counts: log transform before averag ing, mean s  shou l d be converted 
back to actua l counts, per cowb 
72A. Leve l  of phosphorus, ca l c i um, lactose: 3-4 t imes dur ing lactat ion 
728. M i l k  ana lys i s, method and source shou l d be reportedb 
72C. M i l k from each c ow in one herd ana l yzed for BGH 3 t imesb 
CWwra l  hea lth -.-- 
73. Hea l th prob l ems recorded: observe, treatment dec is i ons, doses, methods of 
admin i strat ion 
74. Phys i ca l  e x ams recommended 
75. In ject ion s ite sca le: norma l, irr itated, infected, ma j or react ion 
Der l gn and ana lye lr 
76. Breeds are to be b l ockedb 
77. Pr im iparous and mu lt i parous shou l d be b l ocked separate ly 
78. B locks shou l d be f i l l ed w ith homogenous pretreatment FCM  groupsb 
79. No more than 20 lb. spread of pretreatment FCM  in a b l ockb --- 
80. B locks shou l d be formed with in 6-8 weeks from cows’ entry into b l ockb 
Remova l  and dry off 
81. Random izat i on for each b l ock determ ined in advanceb ~---- 
82. Eva l uate d ifferences in FCM  product ion: pretreatment leve l and lactat ion numberb ----~--- 
83. M iss i ng data are to be noted as we l l  as probab l e cause --_____ 
84. If c ow is removed after 2/3 of treatment, product ion ma y  be extrapo lated to 
305-day lactat ion (or de lete) 
85. Feed eff icm: based on actua l data if 2/3 of treatment per iod is co l l ectedb -“~-_- ---- 
86. Dr ied off before 3053: data wi l l  be extrapo lated to 305 daysb ---~ _----. 
87. If dry due to l ow product ion, no extrapo lat ion to 305 days; observed FCM  to be 
d i v i ded& expected days on treatment at 305th dayb ~- 
88. Cow removed due to i l l ness: a l l data de l eted and reasonb -- --- 
StatIstIca l conr lderat lons 

Met Part ly met Not met 

1 0 3 
3 1 0 
0 0 4 
0 0 4 

2 1  1 
3 0 1 
2 2 0 

1 0 3 
3 1 0 
1 1 2 
1 0 3 
3 0 1 

3 1 0 
0 1 3 
2 0 2 

2 0 2 
0 0 4 
1 0 3 

0 0 4 
0 0 4 

69. If var i ances are heterogenous among  herds, we i ghted ana l ys i s shou l d be 
oerformedb 0 1 3 
90. If error var i ances d ifferent for pr im iparous and mu lt i parous, separate ana l ys i s 
shou l d be conductedb 0 0 4 
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Compar i son Between the Gu ide ltner and the 
Pivotd stud ies on Drng EfYlcacy 

Qu ldo l l no 
91. Data eva luated to determ ine If response is dependent on leve l of pretreatment 
oroduct ion 
92. Average pretreatment FCM product ion by dose leve ls d i scounted if P > 0.05b 

Met Part ly met Not met 

2 0 2 
1 0 3 

‘There were 1 8  protoco l s o n  drug eff icacy.. 

b T h e s e  gu i de l i n es are those that we  determ i ned were not fu l l y addressed, b e c a u s e  more than 5 0  percent 
of the resu lts were e i ther on l y part ia l l y met or not met at a l l. 

‘Gu i de l i n es Q- l  4, 31,34,448,47, a n d  8 5  re l ated to feed eff i c i ency i ssues. These were re l evant in 1 0  
protoco l s that were to support c l a ims of feed eff ic i ency. 
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Crit ica l Gu ide l i nes and Raw Data Conc lus ions 
on Drug Eff icacy 

~u lde l l ne 
Extrapo lat ion of we ights .-.-- -_--..-“--- 
5. If cows dr ied before 305 days, mi lk records are extrapo lated to 305 
!a!! .--.-_-_ 
6A. If dr ied off due to low product ion and competed 2/3 of treatment, 
extraoo lat ion of we iahts is not oermitted 
6B. Actua l FCM wi l l be d iv ided by expected number of days on 
treatment at 305 davs 

Resu lt 

Data showed cows that dr ied off before 305 days and the ir 
expected mi lk output at 305 days 
No ind iv idua l cow records ind icated extrapo lat ion of we ights for 
cows that d id not comp lete 2/3 of treatment 
Records d id not show that th is was done, but data that are 
ava i lab le cou ld a ive th is informat ion 

we ight changesover treatment per iod 

Feed eff lc lency ------. 

10. Tota l FCM produced is to be d iv ided by NE intake, over t ime per iod 

9. Feed eff ic iency = rat io of FCM per NE intake, corrected for body 

-- 

Raw data exp l ic it ly used th is formu la for FCM scores 

Records d id not show that th is was done, but data that are 
ava i lab le cou ld a ive th is informat ion 

_ 

Th is was located in an interna l protoco l 
Feed eff ic iency data a l l ows one to compute th is informat ion 

Part of 1978 Nutr it iona l Requ irements of Da iry Catt le; located in 

Raw data h igh l ight that th is was used in re levant computat ions 

raw data 

11. If dr ied off before 305 days, tota l FCM d iv ided by NE intake over 
t ime ti l l drv off 
12. Body we ights taken every 4 weeks -- 
13. Change in body we ight = subtract body we ight at in it iat ion from 
body we ight at end of per iod -- 
14. Factor of 5.12 Mea l per kg ga irV4.92 Mea l loss in body we ight used 
to correct feed eff ic iency 
~nea lab le% lk 

298. Week l y treatment means p lotted at each s ite 
29A, Sa lab l eCM averaged and summar ized for each group or s ite Found in raw data fi les 

Week l y means not kept, but cou ld be obta ined from ex ist ing 

Data co l lect lon for lactat ion 
32. Cows hav ing over 305 days lactat ion-parameters: average FCM 
per day, feed eff ic iency, unsa lab le FCM, number of d isease treatment 
days ___---- 
Nutr it ion ---_- ..-__ -- ---- 
446. Feed eff ic iency: three herds with feed refusa ls/we igh backs 
recorded -- ----.- .~-- 
466. Week l ymeans p lotted, NE ba lance ---- --__- 

2dpercent for 1 st lactat ion 46C. Ma intenance a l l owance increased ---._-,-- l~_ 

Al l informat ion found in raw data except for number of d isease 
treatment days, but cou ld be obta ined from ind iv idua l cow 
records 

Obta inab le from herd records and ind iv idua l cow data 

Not kept for week ly means but obta inab le from cow records 
Obta inab le from ind iv idua l cow records 

(cont inued) 
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Crlt lca l Gu ide l i nea a n d  Raw Data Conc l ~ l onrr 
o n  Drug Efl lcacy 

Qulde l l ne 
Rearoduct lon 

Resu lt 

51C. Compar ison among treatments: reproduct ive performance at end 
of 1 st 65 days and end of 2nd 65 days 
Hard breed lna 

Expert pane l fe lt compar isons important, but 65 days not 
crucia l; data compare treatment groups 

56. Records inc lude any use of a ids for reproduct ive performance 
60. Compare reproduct ive performance to rest of herd and with past 
years 
63A. Abort ion up to 7 days before expected ca lv ing: noted as no 
partur it ion 
636. Partur it ion is de l ivery of dead ca lf 7 days before expected ca lv ing 
64. Average and compare between groups: pregnancy rate, 
concept ion rate, number of l ive b irths per cow 

Ind iv idua l cow data showed med ica l records and a id usage 
Th is was not done in summary form, but is obta inab le from cow 
records 
No ev idence that abort ion noted d ifferent ly 

Records ind icate th is was fo l l owed 
Found in raw data fi les 

65. Average and compare between pregnant and nonpregnant: days to 
1 st heat, days to 1 st inseminat ion, average number of days between 
serv ices, serv ices per cow, length of lactat ion 

Obta ined from ind iv idua l cow records 

66. Average and compare for pregnant cows: serv ice per concept ion, 
days open, number of abort ions, number of sti l lb irths, length of 
aestat ion. ca lv ina interva l. davs carr ied ca lf 
Mi lk ana lyr lr 
718. Somat ic cel l counts: log transform before averag ing, means 
shou ld be coverted back to actua l counts per cow 
72C. Mi lk from each cow in one herd ana lyzed for BGH 3 t imes 

Obta ined from ind iv idua l cow records 

Somat ic cel l counts recorded for cows; records show log 
transformat ion 
Fo l l owed Dairy Herd Improvement Assoc iat ion methods; found 
i n cc lw data 

Dea lan and ana lvmh 
76. Breeds are to be b locked On ly one breed used 
77. Blocks shou ld be fi l led with homogenous pretreatment FCM groups Raw data broken down by lactat ion groups 
79. No more than a 20 lb. spread of pretreatment FCM in a b lock Found in raw data 

(cont inued) 
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AppeIuuxxIv 
Cr lt lcd Gdddnes md  Raw Data Conc lw i oru 
0 nDrp oW 

Qulde l l ne 
Remova l  and dry off 

RWUA 

82. Eva luate d ifferences in FCM product ion: pretreatment leve l and 
lactat ion number 

Obta i ned from ind iv idua l cow records 

85. Feed eff ic iency: based on actua l data if 2/3 of treatment per iod is 
co l l ected 
86. Dr ied off before 305 days: data wi l l be extrapo lated to 305 days 
87. If dry due to l ow product ion, no extrapo lat ion to 305 days, observed 
FCM to be d iv i ded by expected days on treatment at 305 days 
88. Cow removed due to i l l ness, a l l data de leted and reason 

Obta i ned from cow records (see feed eff ic iency d iscuss ion) 

Obta i ned from cow records 
Th is was not recorded in summary form, but cou ld be obta ined 
from ind iv idua l cow data 
Cow records show reason for remova l  and end of data 
co l l ect ion 

Stat lat lca l cons lderat lonr 
89. If var iances are heterogenous among herds, we ighted ana lys is 
shou l d be performed 
90. If error var iances d ifferent for pr imparous and mu lt i parous, separate 
ana lys is shou l d ba conducted 
92. Average pretreatment FCM product ion by dose leve ls d i scounted if 
P >0.05 

Found in raw data 

Separate ana lys is was performed; in raw data 

Obta i ned from raw data 
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Append i x XV 

Ma jor Contr ibutors to Th is Report 

Program Eva luat ion 
and Methodo l ogy 

Bor is Kachura, Ass istant Director 
Kurt Kroemer, Pro ject Manager 
E la i ne Vaur io, Pro ject Manager 

D iv is ion 
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Ordt~r ing Informat. ion 

‘I’hth first copy of each GAO report and test imony is frtv. Addit iona l 
cop iths ;irt* $2 each. Orders shou ld be sent to the fo l lowing ;rddrtv+s, 
;Ic~c~on i~)an it~d by a check or money order made out. tc, the Super in- 
tthndtv~t of Documents, when necessary. Orders for 100 or mart’ 
cop it&s to be mai led t.o a s ing le address are d iscount,t4 2.5 pt’rcent . 

I ‘.S. (;t*nt~ral Account ing Office 
I’.(). Hex 6015 
(;;tithtarsburg, MI) 20877 

Ordtbrs mi ly a lso be p laced by ca l l ing (202) 2754241. 






