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RADIOIYYUNOASSAY DATA PROCESSING WITH A SMALL PPOQRAYYABLE CALCULATOR 

S. B. Davis. P. J. Yunson. Y. L. Jaffe  and D. Rodbard 
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ABSTPACT 

We have deveLoped t h r e e  programs for d a t a  p r o c e s s i n g  for 
rad io innunmassays  R I A  impLerented on a smaLL. inexpens ive .  
programmabLe caLcuLator  ( Texae I n s t r u m e n t  Co.. YodeL 59):  

I )  The f irst  program performe a weighted  Logit-Log r e g r e s s i o n  for 
a n a L y s i s  of t h e  R I A  s t a n d a r d  curve.  and p r o v i d e s  severaL d e s c r i p t i v e  
statist ics:  s lope .  i n t e r c e p t ,  EDs0 ( a n d  t h e i r  c o r r e s p o n d i n g  
s t a n d a r d  errors). r e s i d u a L  v a r i a n c e ,  and  c o r r e l a t i o n  c o e f f  i c i e n t .  
T h i s  program aLso provides :  doee i n t e r p o l a t i o n  for unknowns; a n  
es t imate  of t h e  p r e c i s i o n  ( p e r c e n t  c o e f f i c i e n t  of v a r i a t i o n )  for each 
r e s u l t ;  c o r r e c t i o n s  for var iabLe sample voLumes or r e c o v e r l e e ;  
and t h e  mean and s t a n d a r d  error of t h e  mean f o r  SampLes anaLyzed 
i n  r e p l i c a t e .  

2 )  The second program u s e s  t h e  ' f o u r  parameter  Log i s t i c  model' 
t o  describe t h e  doee  r e s p o n s e  c u r v e  and per form dose  i n t e r p o l a t i o n .  
T h i s  is t h e  equivaLent  t o  t h e  use  of t h e  Logit-Log method. w i t h  
p r o v i s i o n  for adJustment  for t h e  p o s i t i o n  of the 0 %  and 100% 
response .  A s  such. it is more fLexibLe and v e r a a t l L e  t h a n  t h e  
Logit-Log method. 

3) A t h i r d  program is used  for r o u t i n e  Within-Lab Q u a L i t y  C o n t r o l :  
i t  caLcuLates  w i t h i n - a s s a y  and between-aeeay p r e c i s i o n ,  u t i L i z i n E  a n  
a n a L y s i s  of v a r i a n c e  ( A N O V A )  w i t h  a components of v a r i a n c e  e s t i m a t i o n .  
These programs i n c o r p o r a t e  t h e  m o s t  i m p o r t a n t  features of programs 
previousLy deveLoped i n  t h i s  Labora tory  for a n  IBY 370 or a 
DECsystem-10 computer, and  d e m o n s t r a t e  the  a v a i l a b i L i t y  of a d e q u a t e  
S t a t i e t i c a L  a n a l y s e s  t o  L a b o r a t o r i e s  w i t h o u t  a c c e s s  to Large 
c e n t r a l i z e d  computer  f a c i l i t i e s .  

Xeyworde: Radioimmunoassay. Immunoradiometric assay .  Enzyme 
YuLtipLied Immunological Technique ( EMIT 1. Enzyme Linked Immunosorbent 
Assay (ELISA). QuaLi t y  C o n t r o l ,  L o g i s t i c  YodeL. 
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Numerous methods have  been d e v e l o p e d  f o r  a n a l y e l s  of 

radlolmmunoassay ( R I A )  r e s u l t s  ( 1-3 1. Most of t h e s e  programs were 

origAnaLLy developed  for Large c e n t r a l i z e d  computer  f a c l l l t l e s .  

e .p . .  IBY 3 7 0 .  DEC-10 and s A m A L a r  machlnee. Although s u c h  

machlnes are avalLabLe t o  Large medlca l  c e n t e r s .  t h e y  are n o t  

access lbLe  t o  many R I A  L a b o r a t o r i e s .  AccordlngLy, o v e r  t h e  p a s t  

several y e a r s  t h e r e  h a s  been  c o n e l d e r a b l e  l n t e r e s t  An a d a p t i n g  

these programs t o  s m a l L  d e s k - t o p  c a l c u l a t o r s  or minlcomputers  

(1 .4 1. Unfor tuna te ly .  many of t h e  a d a p t a t l o n e  t o  smaller 

machines have r e e u L t e d  An t h e  uee of ln fer lor  or even b l a t a n t l y  

i n c o r r e c t  s t a t l u t l c a l  methods and a s e v e r e  loss o f  i n f o r m a t i o n .  

For I n s t a n c e .  t he  l o g l t - L o g  method (5). whlch o p e r a t e s  e x t r e m e l y  

w e l l  when proper  w e l g h t i n g  A s  employed, h a s  been advocated  e i t h e r  

w i t h o u t  welght lng.  or worse still. w l t h  Anappropr la te  welght lng .  

In t h e  o r l g i n a l  l o g l t - L o g  method. t h e  r e l g h t s  w e r e  described as a 

smooth c o n t l n u o u s  p r o f l l e  ( PAgure 1). In c o n t r a s t ,  w e i g h t s  based  

on t h e  observed  s a m p l e  s t a n d a r d  d e v l a t l o n s  c a L c u l a t e d  from 

d u p l l c a t e e  or t r l p l l c a t e n  Leads t o  a v e r y  e r ra t ic  w e l g h t l n g  which 

ie L i k e l y  t o  be  worse t h a n  w e  of an unwelghted regression; i t  As 

a L m o s t  e q u i v a l e n t  t o  t h e  u s e  of  random numbers for weights .  

U n f o r t u n a t e l y  s e v e r a l  comnmrcla l ly  a v a l l a b l e  R I A  programs have 

u t l l l z e d  t h i n  u n s t a b l e  and e t a t l s t a l l y  unuound method. 

The f o u r  parameter  L o g l s t l c  m o d e l  ( 6 )  offers s e v e r a l  

advantages  and As more fLerlbLe t h a n  t h e  or lp lna l  two-parameter  

l o g l t - l o p  method. T b l s  model  As u s e f u l  An a n a l y s l s  of d a t a  from 

bloaeeay.  r o d l o r e c e p t o r  assay .  In bloaesay. a n t i b o d y  

d l l u t l o n  curve.. and l a b e l e l e d  a n t l b o d y  a u s a y s  as w e l l  as for R I A  

d a t a .  I t  may also be usod for s u c h  d i v e r u e  a p p l l c a t l o n s  as 

e s t l m r t l o n  of molecular  weight  u s i n g  gel f l l t r a t l o n .  or 

polyocrylamlde g e l  e l m c t r o p h o r e e l e  An b u f f e r s  c o n t a l n l n g  eodlum 

dodecyL s u l f a t e  ( 7 ) .  The a n a l y s i s  of q u a L l t y  c o n t r o l  s a m p l e r  

s h o u l d  providm e s t l n a t m s  of wi th ln-assay .  between-ausay, and 

between- labora tory  p r e c l a l o n  based  on t h e  p r l n c l p l e s  of 

.anaLyrlm of variance. w l t h  a mcomponentu of variance. breakdown 
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DATA P R O C E S S I N G  CALCULATOR 1 7  

Erratic Weights Based on 
Observed Variance for Duplicates 

\ 

'-i \ i6 

2.5 5 10 25 50 100 250 500 1006 

DOSE 

FIGURE 1. Weighting profile for logit-log regression. Ordinate: weights 
for each point; Abscissa: dose (log scale). Smooth curve: weights pre- 
dicted on the basis of eq. 2, using J=1.5, generate a smooth weighting 
profile. Solid circles: weights based on the observed variance of logit 
(Y). This method introduces severe random noise and does not effectively 
use information from all of the dose levels: if two duplicates were, 
fortuitously, to agree perfectly, they would receive an "infinite weight" 
and processing would stop (division by zero). 

(8 -10  1. UnfortunateLy, t h e  s A l n p L e  s t a n d a r d  dev la t lono  can  be 

n is leadlng .  unLeee one epecAfAes whether t h e  measurement of 

precision appLAen t o  a reeuLt based on sAngLe tube ,  dup l i ca t ee ,  

or on oeveraL repLAcate oboervatlone.  AccordAngLy, we f e l t  t h a t  

A t  would be desirable to  have reLlabLe programs avaALabLe on a 

orno L 1 programmable c a  L c  uL a t  or. 

PROGRAMS 

1. LogAt-Loy Method: 

B e r e  t h e  nAgmoIdaL log-done response curve  I s  transformed, 

yAeLdAng a LAnear r e l a t l o n s h l p :  
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18 DAVIS ET AL. 

LogAttY) - a fl  l o g y  

( 1 )  

r h e r e  : 

Y B/B, - n o r M L i z e d  r e s p o n c e  b e t r e e n  0 and I 

a - i n t e r c e p t  

ALthouph t h e  original Logit-Log method u t i l i z e d  an i t e r a t i v e  procedurc 

w i t h  t he  w e i p h t s  and 'working Logitm' a d j u s t e d  a f t e r  e a c h  i t e r a t i o n ,  

w e  have found in p r a c t i c e  that a s i n g l e  A t e r a t l o n  for a d j u s t m e n t  of 

w e i g h t s  As ueuaLLy s a t i s f a c t o r y .  We have  aLso found i t  poss ibLe  t o  

eLAminate t h e  AnAtAaL unweighted r e g r e s s i o n ,  and simpLy u s e  a s i n g l e  

weighted  redression, w i t h  weights  caLcuLated as a smooth f u n c t i o n  of 

t h e  observed  Y v a l u e :  

r h e r e  y raw counto. Y B/Bo. and ao.J are c o n s t a n t s  ( I 1  1. 

The denomlnator  c o r r e c t s  f o r  n o n - u n l f o r m i t y  of v a r i a n c e  of t h e  

raw c o u n t s ,  w h i l e  t h e  numera tor  compensa tes  for t h e  e f f e c t s  of 

the  Lopi t  t ranmformation.  A t y p i c a l  w e i g h t i n g  p r o f i l e  is  shown 

in P i p u r e  1. The program p r o v i d e s  t h e  s l o p e .  i n t e r c e p t .  EDs0. 
tog(ED5,,). w i t h  t h e i r  mtandard errors .  and two measures  of  

'goodness of f i t ' *  1.0.. the r e s i d u a l  v a r i a n c e  ( 0 : ) .  and t h e  

c o r r e l a t i o n  c o e f f i c i e n t .  The program p r o v i d e s  an est imate  of t h e  

expec ted  p e r c e n t a g e  e r r o r  for t h e  p o t e n c y  estimate for e a c h  

unknown, c o r r e c t i o n  f o r  varAabLe sampLe volumes and/or recovery .  
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DATA PROCESSING CALCULATOR 1 9  

p r o v l s l o n  f o r  use of e i t h e r  t h e  Bound or Free c o u n t s ,  and t h e  

mean and s t a n d a r d  error of t h e  mean (SEY) for samples  a n a l y z e d  An 

r e p  Llcate. 

11. Four Parameter  L o y l s t l c  Method ( 6 ) .  T h i s  program 

per forms e s e e n t l a l l y  t h e  s a m e  a n a l y s i s  as t h e  l o g l t - l o g  program. 

w l t h  severlrL l m p o r t a n t  enhancemente. I n  a d d l t l o n  t o  adjusting 

t h e  s l o p e  and  E D s 0 ,  t h l e  program a d j u s t s  t h e  ‘endpolnts’, 1.e.. 

hlyh  and Low dose  a s y m p t o t e e  of  t he  dose-cesponee  curve :  

a - d  
Y - ------- * d  

I *c x /c  )b 
(3) 

where : 

y ls t h e  dependent  ( r e s p o n s e )  v a r l a b L s  ( p r e f e r a b l y  raw c o u n t s ) .  

X l a  t h o  Andependent v a r l a b l e .  

a.b.c.d a r e  t h e  four parameters :  

FSH RIA Bo = 15259 
N = 1524 

Logit (Y)  = 3.968 - 1.050 Log iX )  
f w5 ? 010 

95 

I 

50 

30 
20 

l o  5 I 

‘ E l  
Q 

0 2  
W --. 
W 

- 1  o_ 

-2 

-3 
Y 

F I G U R E  2 .  A.  Calibration curve based on logit-log regression. 
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a Response for zero dose ( c o r r e s p o n d i n g  t o  Bo) 

b -1  x sLope of t h e  Loyi t -Log p l o t  ( sLope  f a c t o r  which 

d e t e r m i n e s  t h e  s t e e p n e s s  of t h e  Dose-Response c u r v e )  

c  ED^^. 
which is 1 /2  r a y  between a and d 

t h e  v a l u e  of X r e s u l t i n g  in a r e s p o n s e  ( Y )  

d Response for l n f i n i t e  dose ( o f t e n  c o r r e s p o n d s  t o  

n o n s p e c i f i c  counts ,  N ). 

Many of t h e  R I A  s t a n d a r d  c u r v e s  which are n o t  L i n e a r i z e d  

S a t i s f a c t o r i L y  by t h e  Lodit-Log method. can be a d e q u a t e l y  

d e e c r i b e d  by  t h e  Logistic model. To a d a p t  t h i s  c u r v e - f i t t i n g  

method t o  a s m a l l  

one of us ( PJY 1: 

f i r s t  a Logit-Log 

100 

%CV, 50 

40 

20 

lo: 0 

c a l c u l a t o r .  r e  use a n  aLgor i thm deveLoped by 

Two s u c c e e s i v e  L i n e a r  r e * r e s s i o n s  are used;  

r e g r e e e i o n  t o  estimate b and c (sLope  and  

, -  

rFSH 

Bo 15.259 
N 1,525 
b 1.04 
E D i  43.77 

Yo 6/60 

FIGURE 2. B. Plot of XCV, for an unknown dose ( X I .  
C. Plot of XCV, for an unknown Y=B/Bo. 
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DATA PROCESSING CALCULATOR 21 

I I 

% B / B ,  I 

SlGMOlDAL CURVE 
and 95% C.L. for 
an Observation 

" 
- 1  0 1 

LOGio(X1 

2 3 

FIGURE 3 .  
i 2 s t a n d a r d  d e v i a t i o n s  f o r  t h e  response.  

C a l i b r a t i o n  curve  based on f o u r  parameter  l o g i s t i c  program, showing 

EDs0). and t h e n  a r e g r e n s l o n  t o  e s t i m a t e  a and d ( c o r r e s p o n d i n g  

t o  Bo and NSB. An p o p u l a r  R I A  t e r m i n o l o g y )  ( 2 ) .  S i n c e  w e  f l t  

t w o  p a r a m e t e r s  a t  a t i m e ,  and because  of t h e  s l m p l i c i t y  of t h l s  

approach. r e  c a l l  t h l s  t h e  " 2  2 Method". Smooth p r e d i c t e d  

w e i g h t s  are used for t h e  l o g i t - l o g  r e g r e s s i o n .  

1 - [ Y ( l - Y ) ] 2  

( 4 )  

t h u s  i n  e f f e c t  assuming u n i f o r m i t y  ot v a r i a n c e  for y (J-0 i n  eq. 

2). The program p r o v i d e s  e s t i m a t e s  and s t a n d a r d  errors for a, b. 

c and  d An e q u a t i o n  3. a n d  t h e  r o o t  w a n  s q u a r e  ( R M . 9 )  e r r o r  of 

t h e  f i t .  A second Segment of t h i s  program p r o v i d e s  t h e  p r e d i c t e d  

dose  l e v e l  for e v e r y  p o i n t  on the  s t a n d a r d  curve.  and also p r i n t s  

o u t  c o o r d l n a t e e  of t h e  'bent  f i t r n  c u r v e  t o g e t h e r  w i t h  i ts 95% 

c o n f l d e n c e  l i m i t s  ( Z  2 0 ) .  A t h i r d  segment of t h i s  program is 

used for -dose l n t e r p o l a t l o n w .  p r o v i d i n g  p o t e n c y  e s t ima tes  and  

t h e  c o e f f l c i e n t  of v a r i a t i o n  ( %CV 1 for unknowns. 

111. Q u a l i t y  C o n t r o l  Program: T h i s  program c a l c u L a t e s  t h e  

w i t h i n  and between-assay p r e c i e l o n  ( c f .  Appendlx 1 of 3). It  
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DATA PROCESSING CALCULATOR 2 3  

p r o v l d e s  t h e  grand mean. wAthAn-assay coefficient of variation. 
and between-assay coef f  AcAent of v a r i a t i o n .  The program aLso 

t e s t s  for mparaLLeLAsmm: I f  t h e  t w o  replicates for e a c h  a s s a y  

have been anaLyzed a t  two d i f f e r e n t  dALutAons. t h e n  a p a l r e d  

S t u d e n t - s  2 t es t  A e  utALAzed t o  examlne whether  t h e  mean v a l u e  

for t h e  f i r s t  repLAcate As equaL t o  t h e  mean for t h e  eecond.  If 

t h e  r a t l o  of t h e  between-assay v a r i a n c e  t o  the w i t h l n - a s s a y  

v a r l a n c e  e x c e e d s  3. a warning  A s  p r l n t e d .  AndAcatAnp that the 

a s s a y  sys tem A e  u n s t a b l e .  Fur ther .  t h e  wAthAn- and be tween-assay  

componente of v a r l a n c e  are provlded ,  e x p r e s s e d  as t h e  s t a n d a r d  

d e v l a t l o n  f o r  a measurement based on a sAngLe tube .  These v a l u e s  

p e r m i t  t h e  u e e r  t o  p r e d i c t  t h e  w i t h l n -  and  between-assay v a r i a n c e  

f o r  samples  which have  been anaLyzed An trApLAcate. 

q u a d r u p l i c a t e .  etc. The QC program c a n  aLeo be umed t o  c a l c u L a t e  

w A t  h l n -  and b e t  wee n - l a b o r a t o r y  v a r  AabA L A  ty .  F u r t h e r ,  t h e  

caLcuLatAons are a p p l i c a b l e  t o  any L a b o r a t o r y  p r o c e d u r e  performed 

An d u p l i c a t e .  

D I S C U S S I O N  

w e  beLAeve t h a t  t h e  p r e s e n t  programs are s u p e r l o r  An s e v e r a L  

r e s p e c t s  t o  many prevAousLy a v a i l a b l e  p r o g r a m  for d e s k - t o p  and 

e m a L L  c a l c u l a t o r s .  By d e m o n s t r a t l n p  t h e  feamAblLAty of 

i n c o r p o r a t i n g  a Eta tAst icaLLy vaLAd weighting p r o c e d u r e  u s i n g  a 

s m a l l ,  Anexpenelve. por tabLe programmable CalcuLator .  we hope t o  

encourage  t h e  u t  ALAzatAon o f a p p r o p r l a t e  e ta  t A e t A c a L  m e  t h o d o l o g y  

on equAvaLent or Larger  computing machlnes. We aLso d e m o n s t r a t e  

t h e  feanlbALAty of u s l n g  t h e  f o u r  p a r a m e t e r  LogAetAc method on a 

nmaLL proaramable c a l c u l a t o r .  The l o g l s t l c  method W A L L  f A t  most 

dose- response  c u r v e s  even when t h e y  are n o t  adequateLy LAnearAzed 

by t h e  LogAt-Lop method. a n d  As aLso u s e f u l  for Labeled a n t i b o d y  

a s s a y s .  enzyme LAnked Anmunosorbent a s s a y s .  b loassays .  

p hye l o  Lo plca L d oee re sponse  c urvee,  DNA- BNA hybr Ad iza t i o n ,  a n d  

even f o r  e e t l m a t l o o  of moLecuLar w e i g h t s  by  SDS-polyacryLamAde 

poL e l e c t r o p h o r e e l e  and p e l  fALtratAon ( 7. I2 1. 

One of the u n f o r t u n a t e  consequences  of t h e  proLAferatAon of 

e m a L L e r  computlng machlnes. h a s  been  t h e  proLAferatAon or 
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24 DAVIS ET AL. 

i n f e r i o r  q u a L i t y  or sometimes f r a n k l y  i n c o r r e c t  s o f t w a r e .  A s  

workers a t t e m p t  t o  appLy t h e s e  methods t o  s m a l l e r  machines. it ia 

hoped t h a t  t h e y  W A L L  d i s p e n s e  w i t h  some r e l a t i v e l y  subtLe  

r e f i n e m e n t s  (0.0.. i t e r a t i o n  t o  a d J u s t  w e i y h t r  a n d  working 

l o y i t s )  b u t  r e t a i n  e e r e n t i a l  f e a t u r e s  (e.g., a smooth w e i g h t i n g  

p r o f i l e  based  on R a A E f n a  v a r i a n c e ) .  I t  is t rag ic  t h a t  

t h e  advent  of wide s p r e a d  a v a i L i b i L i t y  of microprocessors .  t h a t  

many L a b o r a t o r i e s  and equipment  manufac turern  have compLeteLy 

d i s p e n s e d  w i t h  a n y  meaningfuL s ta t ie t icaL M ~ L Y s ~ ~  of t h e  d a t a ,  

and have r e v e r t e d  t o  a p r i m i t i v e  ' p o i n t  t o  poin t .  or ' connec t  t h e  

dots '  approach  t o  c u r v e  f i t t i n g  ( I  1. Indeed. computat ionaL 

methods were f i r s t  i n t r o d u c e d  i n t o  t h e  radlolmmunoassay f i e L d  i n  

o r d e r  to  o b t a i n  a reLiabLe. e f f i c i e n t  method for s t a t i s t i caL  

a n a l y s i s  (1 -6) .  One can hope that t h e  use o f  s u c h  p r i m i t i v e  

methods on m i c r o p r o c e 8 s o r s  W A L L  be o n l y  a t r a n s i t o r y  phase. A s  

t h e  c a p a b i L i t y  of theme d e v i c e s  improves,  and a m  t h e  s o f t w a r e  

improves. i t  s h o u l d  be  poesAbLe t o  Ancorpora te  t h e  m o s t  

s o p h i s t i c a t e d  anaLyses  ( 1 2 )  i n t o  a small caLcuLator  , whether  

t h i s  be hand-held. desk-top.  or an i n t r i n s i c  par t  of  t h e  ' R I A  

machine'. 
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