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Trial evidence versus linked evidence of test accuracy and treatment efficacy 



ELF	  and	  Liver	  Fibrosis/Cirrhosis	  

o The	  ELF	  (Enhanced	  Liver	  Fibrosis)	  biomarker	  
detects	  progression	  of	  fibrosis	  to	  cirrhosis	  

o Evidence	  exists	  of	  its	  accuracy	  (compared	  to	  liver	  
biopsy)	  

o What	  is	  its	  value	  as	  a	  monitoring	  test	  in	  paBents	  
with	  Severe	  Liver	  Disease	  (SLD)?	  

o Can	  it	  beRer	  guide	  management	  to	  reduce	  the	  
complicaBons	  of	  cirrhosis	  that	  rouBne	  care?	  



Randomised 
 

Diagnosis of Cirrhosis 
ELF Score >Y 

Secondary endpoint 

Time to diagnosis of cirrhosis 

Standard Care arm 
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Clinical/biochemical/imaging  

Standard Outpatient 
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morbidity or mortality 

Instigation of Variceal Prophylaxis, HCC screening 
 & SBP antibiotic prophylaxis 
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ELF Test at  Outpatient 
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ELF Screening Test 
ELF Score > X 



Evidence	  linkage	  methods	  
Monitoring	  strategies	  are	  rarely	  evidence-‐based:	  

–  tesBng	  frequency	  based	  on	  rouBne	  care	  
–  test	  thresholds	  chosen	  ad	  hoc	  

Can	  modelling	  	  
1.   Help	  idenBfy	  opBmal	  strategies	  to	  be	  

evaluated?	  
2.   Predict	  the	  impact	  on	  outcomes?	  



Method	  for	  selecBon	  of	  monitoring	  
strategies	  

Simulate	  pa3ent	  cohort	  modelling	  disease	  progression	  and	  results	  of	  
the	  monitoring	  test	  based	  on	  evidence	  

Evaluate	  the	  performance	  of	  alterna3ve	  monitoring	  strategies	  
(different	  thresholds,	  test	  frequencies,	  decision	  rules)	  

Iden3fy	  op3mum	  strategies	  for	  further	  evalua3on	  

Obtain	  data	  and	  elicit	  expert	  opinion	  regarding	  disease	  progression	  or	  
recurrence	  and	  test	  performance	  (measurement	  error,	  accuracy,	  variability)	  



1)	  ELF	  value	  at	  each	  
fibrosis	  stage	  	  
	  

Model	  relaBonship	  of	  biomarker	  and	  disease:	  
example	  trajectories	  for	  50	  parBcipants	  	  
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1)	  ELF	  value	  at	  each	  
fibrosis	  stage	  	  
	  
2)	  speed	  of	  disease	  
progression	  	  
	  

Model	  relaBonship	  of	  disease	  and	  Bme:	  
example	  trajectories	  for	  50	  parBcipants	  	  
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Modelling	  variability	  in	  disease	  stage	  at	  the	  
start	  of	  trial	  

1)	  ELF	  value	  at	  each	  
fibrosis	  stage	  	  
	  
2)	  speed	  of	  disease	  
progression	  	  
	  
3)	  fibrosis	  stage	  at	  
entry	  
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Modelling	  measurement	  error	  
•  IncorporaBng	  the	  

error	  allows	  us	  to	  
generate	  the	  ELF	  
values	  that	  would	  
be	  observed.	  
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IdenBfying	  disease	  end	  points-‐	  
compensated	  cirrhosis	  	  

•  IncorporaBng	  the	  
error	  allows	  us	  to	  
generate	  the	  ELF	  
values	  that	  would	  
be	  observed.	  

•  The	  red	  diamonds	  
indicate	  the	  point	  
at	  which	  an	  
individual	  reaches	  
compensated	  
cirrhosis.	  	  
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ImplemenBng	  a	  monitoring	  strategy	  
•  6	  monthly	  

observaBons	  	  

•  Threshold	  of	  9.5	  
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•  6	  monthly	  
observaBons	  	  

•  Threshold	  of	  9.5	  

•  o=	  TP,	  x=FP	  

	  
	  

ImplemenBng	  a	  monitoring	  strategy	  
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EvaluaBng	  monitoring	  strategies	  
•  Monitoring	  strategy	  

–  Test	  every	  6	  months	  	  
–  Dura3on	  5	  years	  
–  Threshold	  for	  posi3ve	  result	  of	  9.5	  

•  Results	  
–  53,336	  tests	  for	  20,000	  pa3ents	  
–  2.54%	  of	  par3cipants	  have	  delay	  to	  diagnosis	  over	  12	  
months	  

–  Posi3ve	  predic3ve	  value	  is	  14.4%	  
	  



EvaluaBng	  monitoring	  strategies	  
•  Observa3on	  frequency	  
•  Different	  thresholds:	  	  

•  Simple	  
•  Re-‐test	  (if	  a	  test	  value	  is	  within	  a	  specified	  range)	  	  
•  Absolute	  and	  rela3ve	  changes	  from	  start	  and	  last	  value	  	  
•  Rate	  of	  change	  (regression)	  

•  Outcomes	  to	  be	  assessed	  	  
•  number	  of	  tests	  
•  posi3ve	  predic3ve	  value	  
•  delay	  to	  diagnosis.	  

•  For	  a	  fixed	  PPV	  (25%),	  can	  compare	  number	  of	  tests	  and	  delay	  



A	  
	  
Basic	  threshold	  
strategy	  
	  
Threshold	  value	  
10.47	  
	  
ObservaBons	  
every	  6	  months	  
	  
No	  retesBng	  
	  
PPV	  25%	  

Basic	  threshold	  strategy	  

%	  paBents	  
with	  delay	  in	  
diagnosis	  of	  
12	  months	  
or	  more	  

Number	  of	  tests	  for	  20,000	  paBents	  over	  5	  years	  
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Basic	  threshold	  
strategy	  
	  
Threshold	  value	  
10.47	  
	  
ObservaBons	  
every	  6	  months	  
	  
No	  retesBng	  
	  
PPV	  25%	  

Basic	  threshold	  strategy	  
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B	  
	  
Basic	  threshold	  
strategy	  
	  
Threshold	  value	  
10.355	  
	  
ObservaBons	  
every	  6	  months	  
	  
RetesBng	  
	  
PPV	  25%	  

AddiBon	  of	  retesBng	  

%	  paBents	  
with	  delay	  in	  
diagnosis	  of	  
12	  months	  
or	  more	  

Number	  of	  tests	  for	  20,000	  paBents	  over	  5	  years	  

Targeted	  retest-‐	  	  
at	  any	  point	  
paBents	  with	  an	  
ELF	  value	  within	  1	  
of	  the	  threshold	  
have	  a	  retest.	  The	  
mean	  of	  the	  two	  
values	  is	  then	  
used.	  
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%	  paBents	  
with	  delay	  in	  
diagnosis	  of	  
12	  months	  
or	  more	  

Number	  of	  tests	  for	  20,000	  paBents	  over	  5	  years	  
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Basic	  threshold	  
strategy	  
	  
Threshold	  value	  
10.355	  
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Worse	  strategy	  
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with	  delay	  

AddiBon	  of	  retesBng	  
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C	  
	  
Basic	  threshold	  
strategy	  
	  
Threshold	  value	  
10.31	  
	  
ObservaBons	  
every	  12	  months	  
	  
No	  retesBng	  
	  
PPV	  25%	  

Decreasing	  observaBon	  frequency	  

A

0 50000 100000 150000 200000 250000

0
10

20
30

40

Number of tests

D
el

ay
 (%

)

C

%	  paBents	  
with	  delay	  in	  
diagnosis	  of	  
12	  months	  
or	  more	  

Number	  of	  tests	  for	  20,000	  paBents	  over	  5	  years	  



%	  paBents	  
with	  delay	  in	  
diagnosis	  of	  
12	  months	  
or	  more	  

Number	  of	  tests	  for	  20,000	  paBents	  over	  5	  years	  

A

0 50000 100000 150000 200000 250000

0
10

20
30

40

Number of tests

D
el

ay
 (%

)

C

C	  
	  
Basic	  threshold	  
strategy	  
	  
Threshold	  value	  
10.31	  
	  
ObservaBons	  
every	  12	  months	  
	  
No	  retesBng	  
	  
PPV	  25%	  

Decrease	  in	  
number	  of	  tests	  
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delay	  

Decreasing	  observaBon	  frequency	  
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D	  
	  
Absolute	  increase	  
from	  start	  value	  
strategy	  
	  
Trigger	  value	  	  
1.065	  
	  
ObservaBons	  
every	  6	  months	  
	  
No	  retesBng	  
	  
PPV	  25%	  

Absolute	  increase	  from	  start	  value	  
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D	  
	  
Absolute	  increase	  
from	  start	  value	  
strategy	  
	  
Trigger	  value	  	  
1.065	  
	  
ObservaBons	  
every	  6	  months	  
	  
No	  retesBng	  
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E	  
	  
Linear	  regression	  
strategy	  
	  
Trigger	  value	  	  
10.26	  
	  
ObservaBons	  
every	  6	  months	  
	  
No	  retesBng	  
	  
PPV	  25%	  

Linear	  regression	  
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Linear	  regression	  
strategy	  
	  
Trigger	  value	  	  
10.26	  
	  
ObservaBons	  
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All	  strategies	  

%	  paBents	  
with	  delay	  in	  
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or	  more	  
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Data	  required	  
Step	   Data	  required	   Quality	  

Natural	  history	   Progression	  of	  fibrosis	   Ques3onable	  

Natural	  history	   Variability	  at	  presenta3on	   Ques3onable	  

Test	  performance	   Measurement	  error	  in	  ELF	   Contradictory	  

Test	  performance	   Accuracy	  of	  ELF	   Fair	  

Planned validation by comparison of the 
predicted ELF values with those observed in 
the ELF arm of ELUCIDATE 



PredicBng	  impact	  on	  paBent	  
outcomes	  

Step	   Data	  required	   Quality	  

Natural	  history	   Progression	  of	  fibrosis	   Ques3onable	  

Natural	  history	   Variability	  at	  presenta3on	   Ques3onable	  

Test	  performance	   Measurement	  error	  in	  ELF	   Contradictory	  

Test	  performance	   Accuracy	  of	  ELF	   Fair	  

Natural	  history	   Occurrence	  of	  liver	  related	  events	  	  

Treatment	   Effec3veness	  of	  interven3ons	  



Conclusions	  

•  Many	  input	  variables	  are	  required	  for	  linked	  
evidence	  of	  monitoring	  tests	  

•  Hindered	  by	  poor	  data	  on	  disease	  progression	  
or	  recurrence,	  and	  test	  performance	  

•  Modelling	  allows	  candidate	  strategies	  for	  to	  
be	  iden3fied	  and	  compared,	  and	  assessment	  
of	  the	  feasibility	  of	  an	  RCT	  

•  The	  impact	  on	  pa3ent	  outcomes	  may	  stretch	  
the	  data	  too	  far	  


