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Continuing the journey to reliable evidence

• Bias in observational studies
– Confounding
– Selection bias
– Measurement error



Learning from FDA guidance on real-world data

https://www.fda.gov/media/152503/download

In OHDSI speak:  Write a good 
clinical description upfront….

….and then create a fully specified 
phenotype algorithm that aims to 
model the clinical description! 



Learning from FDA guidance on real-world data

https://www.fda.gov/media/152503/download

Two alternative use cases:   
1) full caseset review
2) estimate measurement error

Standardized tools to 
improve evidence reliability?   
Sounds like a job for OHDSI!



Learning from FDA guidance on real-world data

https://www.fda.gov/media/152503/download

…sounds good, but how are we 
going to estimate sensitivity, 
specificity, PPV, NPV via source 
record verification?



Measurement error metrics



Case validation in practice









‘Highly sensitive screening’ algorithm:

Estimate Sensitivity0 = % of ‘true cases’ in 
‘highly sensitive’ algorithm contained 

within ‘primary’ algorithm

Case validation to support bias analysis from Lanes 
PDS 2023

‘Primary (high PPV)’ algorithm:
Estimate PPV0 = % of ‘primary’ algorithm 

cases validated to be ‘true cases’

‘Highly sensitive screening’ algorithm:

Estimate Sensitivity1 = % of ‘true cases’ in 
‘highly sensitive’ algorithm contained 

within ‘primary’ algorithm

‘Primary (high PPV)’ algorithm:
Estimate PPV1 = % of ‘primary’ algorithm 

cases validated to be ‘true cases’

Target Comparator

Sample and 
validate

Sample and 
validate

Sample and 
validate

Sample and 
validate



OHDSI’s progress in estimating measurement error

PheValuator: Create a ‘probabilistic reference standard’ based on 
noisy labels using a ‘highly sensitive’ and ‘highly specific’ cohort, 
then estimate measurement error (PPV, sensitivity, specificity, NPV) 
for your ‘primary’ algorithm



Observed RR Overall PPV Stratified PPV Sensitivity/ specificity True RR Impact

0.87 (0.76-0.99) 94% PPV1 = 93%
PPV0 = 94%

SN1=95%; SN0=95%
SP1=99.85%; 99.85%

0.86 (0.75-0.98) No difference

0.87 (0.76-0.99) 93% PPV1 = 79%
PPV0 = 93%

SN1=95%; SN0=90%
SP1=99.55%; 99.82%

0.70 (0.60-0.81) Larger effect

0.87 (0.76-0.99) 93% PPV1 = 96%
PPV0 = 93%

SN1=85%; SN0=95%
SP1=99.90%; 99.81%

1.00 (0.88-1.13) No effect

Same effect size estimate and 
PPV can yield wildly different true 
effects based on differential 
misclassification….

….so we need to find a more 
reliable and scalable approach 
to estimating measurement 
error (PPV, sensitivity, 
specificity, NPV) across cohorts



Case validation in the evidence generation workflow:
Full caseset review

CDM Cohort

‘Source 
record’

Human 
reviewer

Yes / no
& 

rationale

Outcome Not Outcome

Target A B

Comparator C D

OR = (A/B)/(C/D)

Analysis

Correct ‘false 
positives’ and 

‘false 
negatives’



Case validation in the evidence generation workflow:
Conventional validation approach

CDM Cohort

‘Source 
record’

Human 
reviewer

Yes / no
& 

rationale

PPV

Outcome Not Outcome

Target A B

Comparator C D

OR = (A/B)/(C/D)

Analysis

Sample



Case validation in the evidence generation workflow:
Estimate measurement error for quantitative bias analysis

CDM Cohort

‘Source 
record’

Human 
reviewer

Yes / no
& 

rationale

PPV
Sensitivity

Outcome Not Outcome

Target A B

Comparator C D

OR = (A/B)/(C/D)

Analysis

Sample



Challenges and opportunities

• Case validation is expected for regulatory-grade real-world 
evidence, but source record verification is time- and resource-
intensive and has unknown operating characteristics

• For quantitative bias analysis, estimating positive predictive 
value is insufficient  à need measures of both false positive 
and false negative errors with target and comparator

• How can we make case validation more reliable?
• How can we make case validation more scalable?



End-stage renal disease:
Clinical description

• End-stage renal disease is a terminal illness with a glomerular filtration rate (GFR) of 
less than 15 mL/min.  This is the 5th and final stage of Chronic Kidney Disease (CKD).

• The most common cause of ESRD in the US is diabetic nephropathy, followed by 
hypertension.

• Other etiologies can include glomerulonephritis, cystic kidney disease, recurrent 
kidney infection, chronic obstruction, etc.

• The disease can present with nausea, vomiting, metabolic, hematologic, electrolyte 
derangements, seizures, coma, bleeding diathesis, refractory fluid overload, 
hypertension unresponsive to pharmacotherapy, uremic pericarditis, etc.

• Vigilant monitoring of GFR and proteinuria in diabetics and non-diabetics is essential 
for managing disease progression in patients with chronic kidney disease.

• Early referral to specialists is necessary for timely dialysis or renal transplant 
planning.

https://www.ncbi.nlm.nih.gov/books/NBK499861/

https://www.ncbi.nlm.nih.gov/books/NBK499861/


Let’s do some case validation together!

pollev.com/PatrickRyan800

pollev.com/PatrickRyan800


A 50-year-old male with a history of type 2 diabetes mellitus, 
hypertension, and chronic kidney disease due to type 2 diabetes 
mellitus presented for a pharmacy visit followed by an outpatient 
visit. During the visit, he was diagnosed with chronic kidney 
disease stage 5, end-stage renal disease, and other related 
complications. Prior to the visit, he had been diagnosed with 
chronic kidney disease, anemia, and vitamin D deficiency. After 
the visit, he was diagnosed with end-stage renal disease, anemia, 
hyperlipidemia, and hyperparathyroidism due to renal 
insufficiency. He was prescribed calcitriol for 54 days.

Hypothetical clinical narrative





Hypothetical clinical narrative #2

An 80-year-old female patient had an outpatient visit followed by a 
laboratory visit. The primary diagnosis during the visit was acute renal failure 
syndrome, while the secondary diagnoses included chronic kidney disease 
due to hypertension, chronic kidney disease stage 2, essential hypertension, 
hyperlipidemia, hypothyroidism, proteinuria, renal disorder due to type 2 
diabetes mellitus, renal function tests abnormal, and type 2 diabetes mellitus 
without complication.  Prior to the visit, the patient had been diagnosed with 
hyperlipidemia and hypothyroidism. No treatments were recorded before the 
visit.  Laboratory tests conducted during the visit showed abnormal high 
levels of creatinine, urea nitrogen, and urea nitrogen/creatinine ratio, while 
the glomerular filtration rate was normal. The patient's urine creatinine level 
was normal.  After the visit, the patient continued to be diagnosed with 
hyperlipidemia and hypothyroidism, but there was no evidence of end stage 
renal disease.





Hypothetical clinical narrative #3

The patient is a 90-year-old female who had an 
emergency room visit and an 8-day inpatient stay. She had 
a history of chronic kidney disease, hypertension, 
osteoporosis, and other comorbidities. During her visit, 
she was diagnosed with chronic kidney disease stage 4 
and stage 5 due to hypertension. She also had a history of 
chronic kidney disease stages 2, 3, and 4, as well as 
malignant hypertensive chronic kidney disease. The 
patient was treated with furosemide and calcitriol during 
and after her visit.





Improving reliability in case validation

Anna Ostropolets



ATLAS profiles: structured dataXXXXXX



Main challenge of patient data review

Challenge: high volume of data, which is hard to navigate and 
interpret

Solution: KEEPER - Knowledge-Enhanced Electronic Profile 
Review system on structured data from EHR or claims data sources



KEEPER principles

Principle 1: Adherence to clinical reasoning
KEEPER applies general principles and steps of diagnostic clinical reasoning

Principle 2: Standardization
Both input and output are standardized across data sources and condition

Principle 3: Dimensionality reduction
Only extract relevant information



KEEPER applies general principles and steps of 
diagnostic clinical reasoning

• Clinical presentation
• Clinical plausibility

– Demographics
– Risk factors and co-morbidities
– Previous history of disease
– Differential diagnoses

• Diagnostic procedures
• Treatment procedures and medications
• Follow-up care and complications



KEEPER as an OHDSI package



KEEPER as an OHDSI package

KEEPER 
data extraction 

Time 
windows

per category

Cohort

CSV table:
record per person, 
column per element

Per disease:
Concept sets per 
KEEPER category

Ex:  ESRD

Ex: ESRD Symptoms:  
vomiting, edema, dyspnea

Ex: Symptoms:  -30d to 
0d before index date

Person_id Symptoms
1 Vomiting and nausea (day -

29); Dyspnea (day -11);…



KEEPER output for one case with suspected ESRD
Column in KEEPER Content of column

Demographics (age, sex) 48 yo, Male
Observation period -931 days - 315 days
Visit context Pharmacy visit->Outpatient Visit

Presentation Chronic kidney disease due to type 2 diabetes mellitus (Primary admission 
diagnosis); Chronic kidney disease stage 5 (Admission diagnosis); …

Comorbidities
Symptoms
Prior disease Anemia in chronic kidney disease (day –898, -815, -796, -15);...

Prior treatment procedures and drugs
Diagnostic procedures and labs
Alternative diagnosis Acute renal failure syndrome (day -15, 31)

After disease (progression) CKD stage 5 (day 94, 171, 213, 271); End-stage renal disease (day 1, 896);…

After treatment procedures and drugs calcitriol (day 287, for 54 days);



KEEPER experiment overview
GOLD STANDARD

(AO, GH)
Random sample of 20 patients per eMERGE algorithm
Iterative review on full chart + all structured data

T1DM Acute appendicitis COPD ESRD
Case 12 15 11 13
Control 8 5 9 7

KEEPER PROFILES Created KEEPER profiles for 80 patients

ChartKEEPER

Chart KEEPER

10 patients

10 patients

7-day
WP

2 reviewers
T1DM,

Appendicitis

ROUND 1 ROUND 2

2 reviewers
COPD, ESRD

10 patients

10 patients

EXPERIMENT
(AE, LR, MS, SAH)

DM type 1, reviewer 1
Time Positives Negatives

KEEPER 13 min 15 5
Chart review 28 min 12 8

DM type 1, reviewer 2
Time Positives Negatives

KEEPER 33 min 13 7
Chart review 55 min 10 10

PERFORMACE
METRICS

• Time to review
• Inter-rater agreement (LR vs MS, AE vs SAH)
• Inter-method agreement (KEEPER vs chart review)
• Agreement with gold standard

DM type 1, reviewer 1 accuracy
Gold standard, case Gold standard, control

KEEPER Positive TP =  12 FP = 3
Negative FN = 0 TN = 5

Chart review Positive TP =  10 FP = 3
Negative FN = 2 TN = 5



Data preparation

GOLD 
STANDARD

(AO, GH)

Random sample of 20 patients per 
eMERGE algorithm
Iterative review on full chart + 
all structured data

T1DM Acute 
append

COPD ESRD

Case 12 15 11 13
Control 8 5 9 7

KEEPER 
PROFILES

Created KEEPER profiles for 80 
patients

Columbia University EHR



Inputs (concepts) for KEEPER
T1DM COPD ESRD Appendicitis

Symptoms Cough, chest pain, SOB, 
wheezing, tachycardia

Abdominal pain

Comorbidities 
and risk factors

Hypertension, obesity, hyperli
pidemia,  disorders of 
pancreas, candidiasis, PCOS

Smoking, disorders of respiratory 
system, heart failure, IHD

Kidney disorders, multiple 
myeloma, lupus, HF

Diagnostic 
procedures

Spirometry, chest x-ray or CT, 
bronchoscopy

Ultrasound or CT of kidneys Ultrasound, CT or X-ray of 
abdomen and pelvis, laparoscopy

Measurements Blood glucose, HA1C, insulin 
and pancreatic antibodies, c-
peptide

Creatinine, eGFR, urea 
nitrogen

Leukocytes

Treatments:
- Procedures
- Drugs

Insulin, oral glucose lowering 
drugs

Lung surgery, LABA, SABA, 
LAMA, steroids

Renal transplant, 
dialysis, diuretics, tacrolimus,
epoetin

Appendectomy, antibiotics

Differential 
diagnoses

Type II diabetes, pancreatic 
diabetes, hyperglycemia in 
other conditions

Asthma, lung cancer, interstitial 
lung disease, bronchiectasis

Acute renal failure, other 
stages of CKD

Disorders/Ca of intestine, 
GERD,  hernias, genitourinary 
disorders

Complications Diabetic neuropathy, 
nephropathy, eye disorders

Bronchiectasis, atelectasis, 
emphysema

Anemia, 
osteoporosis,  hyperkalemia

Disorders of abdomen, 
abdominal pain



Experiment

ChartKEEPER

Chart KEEPER

10 patients

10 patients

7-day washout

2 reviewers
T1DM,

Appendicitis

ROUND 1 ROUND 2

2 reviewers
COPD, ESRD

EXPERIMENT
(AE, LR,

MS, SAH)

Dataset:
• 160 patients 

adjudicated with 
KEEPER

• 160 patients 
adjudicated with 
chart review



Performance Metrics

1. Time to review
2. Agreement:

•Agreement with the gold standard
•Agreement of manual chart review and KEEPER
•Agreement among reviewers

PERFORMANCE
METRICS



Results: time to review

Measured as time to review 20 patients

Manual chart review  - 67 minutes (SD = 43)
KEEPER review       - 30 minutes (SD = 14, p-value 0.04)



Results: agreement

Hereon, we will focus on pairwise 
agreement = % of cases for which 
reviewers have same response for 
adjudication (both ‘yes’ or both 
‘no’)

*Paper includes kappa statistics

personId 
(de-
identified) Re

vie
wer 

1

Re
vie

wer 
2

Re
vie

wer 
3

Re
vie

wer 
4

Re
vie

wer 
5

1 yes yes yes yes yes
2 yes yes yes yes yes
3 yes yes yes yes yes
4 yes yes yes yes yes
5 yes yes yes yes yes
6 yes yes yes yes yes
7 yes yes no yes yes
8 no yes no yes yes
9 no yes no yes yes

10 no yes yes no no
11 no yes no yes no
12 no yes no no yes
13 no yes no no yes
14 no yes no no no
15 no yes no no no
16 no no no no no
17 no no no no no
18 no no no no no
19 no no no no no
20 no no no no no

(7 ’both yes’
+ 5 ‘both no’)
/20 = 60%



Results: agreement with the gold standard

Measured as agreement between gold standard (the a priori iterative 
adjudication by two clinicians) and reviewers' adjudication

Manual chart review  - 86.9% of patients classified similarly to 
the gold standard

KEEPER review       - 88.1% of patients classified similarly to the 
gold standard

*varied across conditions but KEEPER accuracy always>80%



Results: agreement between chart and KEEPER

KEEPER adjudication agreed 
with manual chart review in 
84-91% of the cases 



Type 1 
diabetes

End-stage 
renal disease

Results: agreement between chart and KEEPER by condition

Agreement between 
KEEPER and charts was 
consistently high across 
diseases (75-100%)



Results: agreement among reviewers

KEEPER adjudication 
had a significantly 
higher agreement 
between reviewers 
compared to agreement 
in manual chart review



Type 1 
diabetes

End-stage 
renal disease

Results: agreement among reviewers by condition

Heterogeneity of 
agreement between 
reviewers across 
conditions but KEEPER 
consistently better 
than chart review



Results: analysis of discrepancies in chart vs KEEPER 
adjudication

Source of 
discrepancy

Example

Information 
interpretation

Chart had a narrative about obstruction caused by cancer (exclusion for 
COPD), which was not available in KEEPER. Narrative was not supported 
by objective data.

High chart 
volume

KEEPER presented colon cancer diagnosis as a relevant alternative 
diagnosis for acute appendicitis. Finding the diagnosis in chart required 
extensive exploration.

Missing data 
in KEEPER

Indicators of specialty and location of visit were missing in KEEPER, which 
did not allow study reviewers to meaningfully assess discrepancies 
between specialty diagnoses and GP diagnoses for DM type I.



Optum ClinFormatics (US claims)

Experiment 2

KEEPER 
PROFILES

Created KEEPER profiles for 4 conditions (T1DM, 
COPD, ESRD, appendicitis), 100 patients total

EXPERIMENT
(VK, OZ, 

SIS, PBR, AO)

METRICS

5 reviewers KEEPER

25 patients

X 4 diseases

Agreement among reviewers



Experiment 2 results: agreement among reviewers



Experiment 2 results: agreement among reviewers by condition

Type 1 
diabetes

End-stage 
renal disease



Understanding agreement: reviewer adjudication of patient 
with suspected ESRD in Optum

personId 
(de-
identified) Re

vie
wer 

1

Re
vie

wer 
2

Re
vie

wer 
3

Re
vie

wer 
4

Re
vie

wer 
5

1 yes yes yes yes yes
2 yes yes yes yes yes
3 yes yes yes yes yes
4 yes yes yes yes yes
5 yes yes yes yes yes
6 yes yes yes yes yes
7 yes yes no yes yes
8 no yes no yes yes
9 no yes no yes yes

10 no yes yes no no
11 no yes no yes no
12 no yes no no yes
13 no yes no no yes
14 no yes no no no
15 no yes no no no
16 no no no no no
17 no no no no no
18 no no no no no
19 no no no no no
20 no no no no no

Unanimous 
consensus 

‘negative non-case’

Unanimous 
consensus 

‘positive case’

Disagreement 
between 
reviewers



Let’s review your PollEverywhere results



Cases
personId 
(de-
identified) Re

vie
wer 

1

Re
vie

wer 
2

Re
vie

wer 
3

Re
vie

wer 
4

Re
vie

wer 
5

1 yes yes yes yes yes
2 yes yes yes yes yes
3 yes yes yes yes yes
4 yes yes yes yes yes
5 yes yes yes yes yes
6 yes yes yes yes yes
7 yes yes no yes yes
8 no yes no yes yes
9 no yes no yes yes

10 no yes yes no no
11 no yes no yes no
12 no yes no no yes
13 no yes no no yes
14 no yes no no no
15 no yes no no no
16 no no no no no
17 no no no no no
18 no no no no no
19 no no no no no
20 no no no no no

Case #1

Case #2

Case #3



Case validation workflow

CDM Cohort

‘Source 
record’

Human 
reviewer

Yes / no
& 

rationale

PPV
Sensitivity

Outcome Not Outcome

Target A B

Comparator C D

OR = (A/B)/(C/D)

Analysis

Sample



Case validation workflow

CDM Cohort

KEEPER
output

Human 
reviewer

Yes / no
& 

rationale

PPV
Sensitivity

Outcome Not Outcome

Target A B

Comparator C D

OR = (A/B)/(C/D)

Analysis

Sample



Further improvements to the
scalability of case validation 

Martijn Schuemie



Generalizability of KEEPER performance

• Previous two experiments used four diseases (ESRD, T1DM, COPD, 
Appendicitis) with
– Clear expectations of health utilization
– Clear markers to use to classify disease status
– Cases not sampled from a single cohort

• Let's design a new experiment!



Optum ClinFormatics (US claims)

Experiment 3

KEEPER 
PROFILES

Created KEEPER profiles for 6 conditions representing a range 
of complexity (Acute bronchitis, hyperlipidemia, 
hypoparathyroidism, osteoporosis, rheumatoid arthritis, viral 
hepatitis type A), 150 patients total

EXPERIMENT

METRICS

7 reviewers KEEPER

25 patients

X 6 diseases

Agreement among reviewers
Estimate positive predictive value

DATABASE



Experiment 3

All diseases have clinical descriptions and phenotype algorithms

Disease Clinical description Phenotype algorithm
Acute bronchitis https://www.ncbi.nlm.nih.gov/books/NBK448067/ https://atlas-phenotype.ohdsi.org/#/cohortdefinition/1218

Hyperlipidemia https://www.ncbi.nlm.nih.gov/books/NBK559182/ https://atlas-phenotype.ohdsi.org/#/cohortdefinition/1219

Hypoparathyroidism https://www.ncbi.nlm.nih.gov/books/NBK441899/ https://atlas-phenotype.ohdsi.org/#/cohortdefinition/1220

Osteoporosis https://www.ncbi.nlm.nih.gov/books/NBK441901/ https://atlas-phenotype.ohdsi.org/#/cohortdefinition/1221

Rheumatoid arthritis https://www.ncbi.nlm.nih.gov/books/NBK441999/ https://atlas-phenotype.ohdsi.org/#/cohortdefinition/858

Viral hepatitis type A https://www.ncbi.nlm.nih.gov/books/NBK459290/ https://atlas-phenotype.ohdsi.org/#/cohortdefinition/1222

https://www.ncbi.nlm.nih.gov/books/NBK448067/
https://atlas-phenotype.ohdsi.org/
https://www.ncbi.nlm.nih.gov/books/NBK559182/
https://atlas-phenotype.ohdsi.org/
https://www.ncbi.nlm.nih.gov/books/NBK441899/
https://atlas-phenotype.ohdsi.org/
https://www.ncbi.nlm.nih.gov/books/NBK441901/
https://atlas-phenotype.ohdsi.org/
https://www.ncbi.nlm.nih.gov/books/NBK441999/
https://atlas-phenotype.ohdsi.org/
https://www.ncbi.nlm.nih.gov/books/NBK459290/
https://atlas-phenotype.ohdsi.org/


KEEPER inputs
Acute 
bronchitis

Hyper-
lipidemia

Hypopara-
thryroidism

Osteo-
porosis

Rheumatoid 
arthritis

Viral hepatitis 
type A

Disease history and 
progression (including 
complications)

pneumonia, acute 
respiratory distress 
syndrome, 
respiratory failure

coronary artery disease, 
peripheral artery disease, 
cerebrovascular 
accidents, aneurysms, 
type II diabetes, high 
blood pressure

Acute Hypocalcemia, 
Chronic 
Hypocalcemia

chronic pain 
and fractures

Anemia of chronic disease, 
Felty syndrome, Coronary 
artery disease , lymphoma, 
Osteopenia, osteoporosis, 
venous thromboembolic 
disease

Prolonged cholestasis, 
Acute renal failure, 
Autoimmune hepatitis

Symptoms cough, malaise, 
difficulty breathing, 
and wheezing

remote thyroid or other types of head 
and neck surgery, myalgias, muscle 
spasms, and in extreme cases, tetany, 
hypocalcemia, hyperphosphatemia, 
and increased neuromuscular 
irritability

loss of height 
and kyphosis

joint pain and swelling, morning 
stiffness, Interstitial lung disease, 
Sjogren syndrome with dry eyes 
and also dry mouth

nausea, vomiting, right upper quadrant abdominal 
discomfort, malaise, anorexia, myalgia, fatigue, 
and fever;  pancreatitis, rash, acute kidney injury 
with interstitial nephritis or glomerular nephritis, 
pneumonitis, pericarditis, hemolysis, and acute 
cholecystitis

Diagnostic procedures Oxygen saturation, pulse rate, 
temperature, and respiratory 
rate.  Chest x-ray (CXR), A 
complete blood count and 
chemistry, Spirometry

Electrocardiogram dual-energy X-ray 
absorptiometry 
scans

Magnetic resonance 
imaging (MRI) and 
ultrasonography

serologic testing to detect HAV-
specific immunoglobulin (IgM) 
antibodies , reverse transcriptase-
polymerase chain reaction to detect 
the viral RNA

Measurements fasting lipid profile calcium, albumin, serus calcium, 
parathyroid hormone level, 
phosphorus, Blood urea nitrogen 
(BUN) and creatinine, Alkaline 
phosphatase, 25-hydroxyvitamin D, 
Urine calcium and creatinine,

RF and ACPA antibodies, Anti-
carbamylated protein antibodies, 
CCP , erythrocyte sedimentation 
rate (ESR) and levels of C-reactive 
protein (CRP)

elevated levels of serum alanine 
aminotransferase, aspartate 
aminotransferase, bilirubin, alkaline 
phosphatase, and lambda-glutamyl 
transpeptidase

Treatments: Drugs,
Procedures

dextromethorphan and 
codeine ,  Beta-agonists , 
Analgesic and antipyretic 
agents

statin , ezetimibe calcium, vitamine 
D,  calcitriol

risedronate, alendronate, 
zoledronic acid, or 
denosumab, Bazedoxifene, 
teriparatide, raloxifene

DMARDs, NSAIDs, anti-TNF, IL6, 
CTLA4-Ig, antiCD20, JAK, 
corticosteroids

liver transplantation, 
immunoglobulin

Differential diagnoses Asthma, Acute/chronic 
sinusitis, Bronchiolitis, 
COPD, Gastroesophageal 
reflux disease (GERD), Viral 
pharyngitis, Heart failure, 
Pulmonary embolism

familial hypercholesterolemia, 
familial combined hyperlipidemia, 
dysbetalipoproteinemia, familial 
defective apo B-100, and PCSK9 gain 
of function mutations, obstructive 
liver disease or biliary obstruction, 
hypothyroidism, nephrotic 
syndrome, chronic renal 
insufficiency, anorexia, obesity, 
metabolic syndrome, and diabetes

Hypomagnesemia, Postoperative complications of 
thyroidectomy and other types of head and neck 
surgery - may be transient or permanent:. 
Abnormal development of parathyroid tissue, for 
example, DiGeorge Syndrome, Activating 
mutations of the calcium-sensing receptor - 
autosomal dominant hypocalcemia, Activating 
antibodies of the calcium-sensing receptor, 
Autoimmune destruction of parathyroid tissue, for 
example, polyglandular autoimmune syndrome, 
Type 1, Infiltration of parathyroid tissue, for 
example, granulomatous disease, 
hemochromatosis, metastatic disease, Radiation 
injury, Parathyroid hormone resistance, 
pseudohypoparathyroidism

Homocystinuria, 
Hyperparathyroidism, 
Imaging in osteomalacia 
and renal osteodystrophy, 
Mastocytosis, Multiple 
myeloma, Paget disease, 
Scurvy , Sickle cell anemia

Osteoarthritis, Psoriatic 
arthritis, Systemic lupus 
erythematosus, Sjogren 
syndrome, Polymyalgia 
rheumatic, Chronic gouty 
arthritis

Alcoholic hepatitis, 
Other Viral hepatitis 
(B, C, D, E), 
Autoimmune 
hepatitis

Comorbidities and risk 
factors

history of cardiovascular disease, 
hyperlipidemia, and/or familial 
hypercholesterolemia; their diet and 
exercise habits; tobacco, alcohol, or drug 
use; the presence of coronary artery 
disease; risk factors or history of CAD; 
and/or symptoms of peripheral arterial 

smoking history 
and chronic 
alcohol 
consumption



Experiment 3 agreement

• Overall agreement was 
consistent across all 
reviewers (66-79%)

• Results are in line but a bit 
lower than Anna showed 
in Experiment 2 (72%-
91%)



Experiment 3 agreement, by condition

• Heterogeneity in agreement 
across diseases

• Hyperlipidemia and RA had 
strong agreement across all 
reviewers

• Hep A and bronchitis had 
more dis-agreement across 
all reviewers

E.g. Hep A is hard to diagnose 
if you don't know the results 
of the tests, and multiple 
diseases are often tested at 
the same time



Which reviewer is not a human?

Vote now!

pollev.com/PatrickRyan800

pollev.com/PatrickRyan800


Which reviewer is not a human?

Human

Human

Human

Human

Human

LLM – Sheep-Duck-Llama-2

LLM – GPT3.5



What is a large language model (LLM)?

• A large-language model (LLM) is a neural network / deep learning model
• Consists of nodes and weighted edges

67
Note: This is a simplification

Input Output

• Each node 𝑖 in layer 𝑗 computes its output as: 𝑎!" = 𝑔(∑#𝑤!"#𝑎("%&)#)
• Supervised learning:
– Compute output given input
– Compare computed output to expected output
– Adjust weight in small steps to improve output using 

back-propagation



Pretraining: predict the next word in a massive corpus

… said the Cat. “I don’t much care where—” said 

68

?

Predicting the next word requires:
• Grammar: next word probably is a 

(proper) noun
• Semantics: only some things can talk
• Context: this is conversation between 

the Cheshire Cat and Alice

Most likely next word: Alice



Pre-training scale

• Model parameters:
– GPT3.5: 175 billion
– Llama-2: 70 billion

• Corpus size:
– GPT3.5: 300 billion tokens (token ~ 0.75 word)
– Llama-2: 2 trillion tokens

• Time to train
– GPT3.5: (estimated) 355 GPU years
– Llama-2: 376 GPU years
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Fine-tuning world’s most expensive auto-completion

• Pre-trained models can be used to predict the next word, and the next, 
and the next, generating text

• Can be further training to generate answers to questions (chat)
– Supervised: Human-created training set
– Reinforcement learning: human corrects output of LLM

• Requires far less training examples if pre-trained (still millions of tokens)
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• Initial work shows model 
learned important concepts 
in medicine



Evaluated large language models

• Azure OpenAI GPT3.5 Turbo
– Further finetuning of GPT3.5
– Proprietary
– Licensed by Johnson & Johnson

• Llama-2-70b-chat-hf
– Open source
– Installed on a private machine using HuggingFace library (~50 lines of code)

• Sheep-Duck-Llama-2-70b-v1.1
– Further finetuning of Llama-2
– Sheep-Duck-Llama-2 was at the top of the HF leaderboard 2 weeks ago
– Installed on a private machine
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All analyses run securely 
within organizational firewall



Optum ClinFormatics (US claims)

Training set

KEEPER 
PROFILES

Created KEEPER profiles for 6 conditions (Acute bronchitis, 
hyperlipidemia, hypoparathyroidism, osteoporosis, 
rheumatoid arthritis, viral hepatitis type A), focus on hard 
cases. 358 patients total

EXPERIMENT

METRICS

1 reviewer KEEPER

50-100 patients

X 6 diseases

Sensitivity, specificity, agreement of LLM using human 
reviewer as gold standard

DATABASE



Prompt engineering

KEEPER output as text:
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Demographics and details about the visit: Female, 70 yo; Visit: Laboratory Visit

Diagnoses recorded on the day of the visit: Rheumatoid arthritis (Primary diagnosis);

Diagnoses recorded prior to the visit: None

Treatments recorded prior to the visit: None

Diagnostic procedures recorded proximal to the visit: Collection of venous blood (day -30, 0, 30)

Laboratory tests recorded proximal to the visit: None

Alternative diagnoses recorded proximal to the visit: None

Diagnoses recorded after the visit: Seropositive rheumatoid arthritis (day 90)

Treatments recorded during or after the visit: None Perturbed patient data



System prompt: yes / no:

Act as a medical doctor reviewing a patient's healthcare data captured during routine clinical 
care, such as electronic health records and insurance claims.

Determine whether the patient had [DISEASE].

Use the following format:

Summary: (Only "yes" or "no")

Prompt Sensitivity Specificity Agreement
Yes/no 99.0% 8.9% 64.9%



System prompt: + discuss evidence

Act as a medical doctor reviewing a patient's healthcare data captured during routine clinical 
care, such as electronic health records and insurance claims.

Determine whether the patient had [DISEASE].

Use the following format:

Evidence in favor of [DISEASE]:

Evidence against [DISEASE]:

Summary: (Only "yes" or "no")

Prompt Sensitivity Specificity Agreement
Yes/no 99.0% 8.9% 64.9%
+ discuss evidence 90.7% 29.0% 67.4%



System prompt: + write narrative

…

Write a medical narrative that fits the recorded health data followed by a determination of 
whether the patient had [DISEASE].

Use the following format:

Clinical narrative:

… Observation: LLM always believed 
diagnosis code was accurate

Prompt Sensitivity Specificity Agreement
Yes/no 99.0% 8.9% 64.9%
+ discuss evidence 90.7% 29.0% 67.4%
+ write narrative 97.1% 21.0% 68.3%



System prompt: + diagnosis insufficient reminder

Remember that recording a diagnosis for a disease could occur either because the patient 
had the disease or as justification for performing a diagnostic procedure to determine 
whether the patient has the disease. A diagnosis by itself or accompanied with only 
diagnostic procedures may therefore be insufficient evidence, even if recorded more than 
once. Lack of additional evidence of [DISEASE] other than the diagnosis and diagnostic 
procedures probably means that the patient was only being tested, and does not actually 
have [DISEASE]. However, it is unlikely that a patient will be tested many times over, so an 
abundance of diagnoses will mean the patient has the disease.

Prompt Sensitivity Specificity Agreement
Yes/no 99.0% 8.9% 64.9%
+ discuss evidence 90.7% 29.0% 67.4%
+ write narrative 97.1% 21.0% 68.3%
+ diagnosis insufficient reminder 95.6% 31.5% 71.3%

Observation: LLM didn’t know how to 
deal with uncertainty. Would respond 
‘yes’ even though another diagnosis was 
more likely, or ‘no’ if there was any 
(unreasonable) doubt.



System prompt: + uncertainty instructions

In your final summary, indicate "yes" if the most probable scenario is that the patient had
[DISEASE].

Indicate "no" if it is not the most probable scenario, for example when it is more likely that 
the patient was tested for the disease but the diagnosis was not confirmed. Also indicate 
"no" when there is insufficient information to say anything about the relative probability of 
scenarios.

Prompt Sensitivity Specificity Agreement
Yes/no 99.0% 8.9% 64.9%
+ discuss evidence 90.7% 29.0% 67.4%
+ write narrative 97.1% 21.0% 68.3%
+ diagnosis insufficient reminder 95.6% 31.5% 71.3%
+ uncertainty instructions 82.4% 58.1% 73.2%



System prompt: + provide examples

Added two examples of input and output to the system prompt (few-shot 
prompt)

Personal preference: picked solution with highest agreement, so not using 
examples

Prompt Sensitivity Specificity Agreement
Yes/no 99.0% 8.9% 64.9%
+ discuss evidence 90.7% 29.0% 67.4%
+ write narrative 97.1% 21.0% 68.3%
+ diagnosis insufficient reminder 95.6% 31.5% 71.3%
+ uncertainty instructions 82.4% 58.1% 73.2%
+ provide examples 66.7% 73.4% 69.2%



Performance of different LLMs

• Selected optimal prompt using GPT 3.5 for convenience.
• Evaluated optimal prompt on original Llama-2, which did not produce great 

results.
• Other people have fine-tuned Llama-2. Top of the Huggingface leaderboard 

two weeks ago was Sheep-Duck-Llama2, by Riiid (under same license).
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Large language model Sensitivity Specificity Agreement
GPT 3.5 Turbo 82.4% 58.1% 73.2%
Llama-2-70b-chat-hf 99.0% 12.9% 66.4%
Sheep-Duck-Llama-2-70b-v1.1 90.2% 62.1% 79.6%

Multiple good LLMs are available, but you shouldn't 
assume they are good until tested



Example prompt
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Act as a medical doctor reviewing a patient's healthcare data captured during routine clinical care, such as electronic health records and insurance claims.
Write a medical narrative that fits the recorded health data followed by a determination of whether the patient had end stage renal disease.

Remember that recording a diagnosis for a disease could occur either because the patient had the disease or as justification for performing a diagnostic procedure to 
determine whether the patient has the disease. A diagnosis by itself or accompanied with only diagnostic procedures may therefore be insufficient evidence, even if 
recorded more than once. Lack of additional evidence of end stage renal disease other than the diagnosis and diagnostic procedures probably means that the patient 
was only being tested, and does not actually have end stage renal disease. However, it unlikely that a patient will be tested many times over, so an abundance of 
diagnoses will mean the patient has the disease.

In your final summary, indicate "yes" if the most probable scenario is that the patient had end stage renal disease.
Indicate "no" if it is not the most probable scenario, for example when it is more likely that the patient was tested for the disease but the diagnosis was not confirmed. 
Also indicate "no" when there is insufficient information to say anything about the relative probability of scenarios.

Use the following format:

Clinical narrative:

Evidence in favor of end stage renal disease:

Evidence against end stage renal disease:

Summary: (Only "yes" or "no")

System prompt



Example prompt
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Act as a medical doctor reviewing a patient's healthcare data captured during routine clinical care, such as electronic health records and insurance claims.
Write a medical narrative that fits the recorded health data followed by a determination of whether the patient had end stage renal disease.

Remember that recording a diagnosis for a disease could occur either because the patient had the disease or as justification for performing a diagnostic procedure to 
determine whether the patient has the disease. A diagnosis by itself or accompanied with only diagnostic procedures may therefore be insufficient evidence, even if 
recorded more than once. Lack of additional evidence of end stage renal disease other than the diagnosis and diagnostic procedures probably means that the patient 
was only being tested, and does not actually have end stage renal disease. However, it unlikely that a patient will be tested many times over, so an abundance of 
diagnoses will mean the patient has the disease.

In your final summary, indicate "yes" if the most probable scenario is that the patient had end stage renal disease.
Indicate "no" if it is not the most probable scenario, for example when it is more likely that the patient was tested for the disease but the diagnosis was not confirmed. 
Also indicate "no" when there is insufficient information to say anything about the relative probability of scenarios.

Use the following format:

Clinical narrative:

Evidence in favor of end stage renal disease:

Evidence against end stage renal disease:

Summary: (Only "yes" or "no")

System promptDemographics and details about the visit: Male, 50 yo; Visit: Pharmacy visit followed by Outpatient Visit

Diagnoses recorded on the day of the visit: Chronic kidney disease due to type 2 diabetes mellitus (Primary admission diagnosis); Chronic kidney disease due to type 2 diabetes mellitus 
(Primary diagnosis); Chronic kidney disease stage 5 (Admission diagnosis); Complication due to diabetes mellitus (Admission diagnosis); Essential hypertension (Admission diagnosis); 
Essential hypertension (Secondary diagnosis); Hyperlipidemia (Admission diagnosis); Proteinuria (Admission diagnosis); Renal disorder due to type 2 diabetes mellitus (Admission diagnosis); 
Renal disorder due to type 2 diabetes mellitus (Secondary diagnosis); Type 2 diabetes mellitus (Admission diagnosis); Type 2 diabetes mellitus (Primary admission diagnosis); Type 2 diabetes 
mellitus (Primary diagnosis); Vitamin D deficiency (Admission diagnosis); Vitamin D deficiency (Secondary diagnosis);

Diagnoses recorded prior to the visit: Anemia (day -900); Anemia in chronic kidney disease (day -810, -10); Anemia of chronic disease (day -890, -800); Chronic kidney disease (day -860, -820, 
-10); Chronic kidney disease due to hypertension (day -890, -800, -10); Chronic kidney disease due to type 2 diabetes mellitus (day -890, -10); Chronic kidney disease stage 3 (day -890, -820, -
10); Vitamin D deficiency (day -820, -10)

Treatments recorded prior to the visit: None

Diagnostic procedures recorded proximal to the visit: None

Laboratory tests recorded proximal to the visit: None

Alternative diagnoses recorded proximal to the visit: Acute renal failure syndrome (day -10, 30)

Diagnoses recorded after the visit: Anemia (day 210, 290); Anemia in chronic kidney disease (day 170, 310, 1050, 1140, 1230, 1320, 1470); Anemia of chronic disease (day 30); Chronic kidney 
disease due to type 2 diabetes mellitus (day 30, 90, 250, 280, 920, 1080); Chronic kidney disease stage 4 (day 250); Chronic kidney disease stage 5 (day 90, 170, 210, 270); End-stage renal 
disease (day 290, 900, 1660); Hyperkalemia (day 30); Hyperlipidemia (day 90, 310); Hyperparathyroidism due to renal insufficiency (day 30, 170, 250, 280); Iron deficiency anemia (day 930); 
Vitamin D deficiency (day 170, 250, 280)

Treatments recorded during or after the visit: calcitriol (day 290, for 50 days);

Prompt

Perturbed patient data



Example prompt
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Act as a medical doctor reviewing a patient's healthcare data captured during routine clinical care, such as electronic health records and insurance claims.
Write a medical narrative that fits the recorded health data followed by a determination of whether the patient had end stage renal disease.

Remember that recording a diagnosis for a disease could occur either because the patient had the disease or as justification for performing a diagnostic procedure to 
determine whether the patient has the disease. A diagnosis by itself or accompanied with only diagnostic procedures may therefore be insufficient evidence, even if 
recorded more than once. Lack of additional evidence of end stage renal disease other than the diagnosis and diagnostic procedures probably means that the patient 
was only being tested, and does not actually have end stage renal disease. However, it unlikely that a patient will be tested many times over, so an abundance of 
diagnoses will mean the patient has the disease.

In your final summary, indicate "yes" if the most probable scenario is that the patient had end stage renal disease.
Indicate "no" if it is not the most probable scenario, for example when it is more likely that the patient was tested for the disease but the diagnosis was not confirmed. 
Also indicate "no" when there is insufficient information to say anything about the relative probability of scenarios.

Use the following format:

Clinical narrative:

Evidence in favor of end stage renal disease:

Evidence against end stage renal disease:

Summary: (Only "yes" or "no")

System promptDemographics and details about the visit: Male, 50 yo; Visit: Pharmacy visit followed by Outpatient Visit

Diagnoses recorded on the day of the visit: Chronic kidney disease due to type 2 diabetes mellitus (Primary admission diagnosis); Chronic kidney disease due to type 2 diabetes mellitus 
(Primary diagnosis); Chronic kidney disease stage 5 (Admission diagnosis); Complication due to diabetes mellitus (Admission diagnosis); Essential hypertension (Admission diagnosis); 
Essential hypertension (Secondary diagnosis); Hyperlipidemia (Admission diagnosis); Proteinuria (Admission diagnosis); Renal disorder due to type 2 diabetes mellitus (Admission diagnosis); 
Renal disorder due to type 2 diabetes mellitus (Secondary diagnosis); Type 2 diabetes mellitus (Admission diagnosis); Type 2 diabetes mellitus (Primary admission diagnosis); Type 2 diabetes 
mellitus (Primary diagnosis); Vitamin D deficiency (Admission diagnosis); Vitamin D deficiency (Secondary diagnosis);

Diagnoses recorded prior to the visit: Anemia (day -900); Anemia in chronic kidney disease (day -810, -10); Anemia of chronic disease (day -890, -800); Chronic kidney disease (day -860, -820, 
-10); Chronic kidney disease due to hypertension (day -890, -800, -10); Chronic kidney disease due to type 2 diabetes mellitus (day -890, -10); Chronic kidney disease stage 3 (day -890, -820, -
10); Vitamin D deficiency (day -820, -10)

Treatments recorded prior to the visit: None

Diagnostic procedures recorded proximal to the visit: None

Laboratory tests recorded proximal to the visit: None

Alternative diagnoses recorded proximal to the visit: Acute renal failure syndrome (day -10, 30)

Diagnoses recorded after the visit: Anemia (day 210, 290); Anemia in chronic kidney disease (day 170, 310, 1050, 1140, 1230, 1320, 1470); Anemia of chronic disease (day 30); Chronic kidney 
disease due to type 2 diabetes mellitus (day 30, 90, 250, 280, 920, 1080); Chronic kidney disease stage 4 (day 250); Chronic kidney disease stage 5 (day 90, 170, 210, 270); End-stage renal 
disease (day 290, 900, 1660); Hyperkalemia (day 30); Hyperlipidemia (day 90, 310); Hyperparathyroidism due to renal insufficiency (day 30, 170, 250, 280); Iron deficiency anemia (day 930); 
Vitamin D deficiency (day 170, 250, 280)

Treatments recorded during or after the visit: calcitriol (day 290, for 50 days);

PromptClinical narrative: A 50-year-old male with a history of type 2 diabetes mellitus, 
hypertension, and chronic kidney disease due to type 2 diabetes mellitus presented for a 
pharmacy visit followed by an outpatient visit. During the visit, he was diagnosed with 
chronic kidney disease stage 5, end-stage renal disease, and other related complications. 
Prior to the visit, he had been diagnosed with chronic kidney disease, anemia, and vitamin D 
deficiency. After the visit, he was diagnosed with end-stage renal disease, anemia, 
hyperlipidemia, and hyperparathyroidism due to renal insufficiency. He was prescribed 
calcitriol for 54 days.
Evidence in favor of end stage renal disease:
- Diagnosis of chronic kidney disease stage 5 and end-stage renal disease during the visit
- Diagnosis of end-stage renal disease after the visit
Evidence against end stage renal disease:
- No evidence against end stage renal disease
Summary: yes

Response by Sheep-Duck-Llama-2

Perturbed patient data

Note: this is the text 
you reviewed earlier!



Revisiting Experiment 1: Agreement using CUIMC EHR

• Overall agreement was 
consistent across all 
human and LLM

• KEEPER agreement 
between Reviewer 1 and 
reviewer 2 (91%) aligns 
with Reviewer 1 
agreement with both 
LLMs (89-93%)



Revisiting Experiment 1: Agreement using CUIMC EHR
• Overall agreement was 

consistent across all human 
and LLM in each disease

• Reviewer 2 using chart was 
equally inconsistency with 
humans and LLMs



Revisiting Experiment 2: Agreement using Optum claims

• LLM agree with humans  
(62%-82%) about as often as 
humans agree with other 
humans (72%-91%)



Revisiting Experiment 2: Agreement using Optum claims

• Heterogeneity in agreement 
across diseases

• LLM performance varied by 
disease
– GPT3.5 (Reviewer 6) better 

for COPD
– Sheep-Duck-Llama-2 

(Reviewer 7) better for 
others



Estimating positive predictive value:
reviewer responses to Rheumatoid Arthritis in Optum

Reviewer

Ca
se

• PPV varies 
by reviewer: 40%-76%
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Estimating positive predictive value:
reviewer responses to Rheumatoid Arthritis in Optum

Ca
se

• PPV varies 
by reviewer: 40%-76%

• Alternative strategies to 
combine reviewers will 
impact PPV estimates

• 25 cases provides 
PPV with wide 
confidence intervals, 
need more power!

Reviewer



LLM use cases

Depending on your preference, you can use the LLM
• As a co-pilot, to generate an assessment that a human can use as 

starting point to save time
• To validate the full cohort, and perform the observational analysis using 

only the confirmed cases
• To estimate operating characteristics of the phenotype algorithm in the 

database
– PPV
– Sensitivity!



LLM validation of highly sensitive cohort

• Created highly sensitive cohort for RA: any diagnosis or symptom or 
treatment or complication or lab test
– Database: Optum Clinformatics

• Sampled 25,000 persons
• Validate using KEEPER with GPT 3.5
– Took 40 hours
– Cost $15

• Used annotated sample to compute performance of RA phenotype 
algorithm (#196 in the OHDSI Phenotype Library)
– PPV = 70.3% (0.66 - 0.74)
– Sensitivity = 79.1% (0.75 - 0.83)



Case validation workflow

CDM Cohort

KEEPER
output

Human 
reviewer

Yes / no
& 

rationale

PPV
Sensitivity

Outcome Not Outcome

Target A B

Comparator C D

OR = (A/B)/(C/D)

Analysis

Sample



Case validation workflow

CDM Cohort

KEEPER
output LLM

Yes / no
& 

rationale

PPV
Sensitivity

Outcome Not Outcome

Target A B

Comparator C D

OR = (A/B)/(C/D)

Analysis

Sample



Conclusions on LLMs

• Across all three experiments, LLMs agree with humans as much 
as humans agree with humans
– LLMs have the potential to increase scale of case validation without sacrificing 

reliability
– Scaling up means more precise PPV estimate, and allows estimating sensitivity, to 

fully enable quantitative bias analysis
• LLM performance depended strongly on choice of prompt and LLM
– Zero-shot prompt showed good results
– Fine-tuning would require a much larger training set

• While use of LLMs for clinical care remains controversial, our use case of 
increasing reliability of evidence from observational data seems 
promising and low risk



Overall conclusions

• Case validation is expected to be part of the evidence generation 
process to ensure reliability

• OHDSI has developed and evaluated standardized tools for case 
validation
– Successfully applied across multiple data sources
– Inter-rater agreement varies by disease (even when using full chart review)

• Results show
– Standardized KEEPER output from the OMOP CDM provides a reliable and more 

efficient alternative to source records
– KEEPER + LLMs provide a more scalable alternative with similar agreement to 

human review



Thank you to all the humans, sheep, ducks, llamas for 
all the case validations for this research!

Experiment Diseases Human reviewers per 
disease

Cases to 
review

Total cases

CUIMC KEEPER 4 2 20 160
CUIMC Chart 4 2 20 160
Optum KEEPER 4 5 20 400
Optum KEEPER 6 5 25 750
LLM Training set 6 1 358
Total validated by humans 1,828
Total validated by LLMs: 2 x 1,828 + 5 x 358 + 25,000 = 30,446

Thank you for reviewers:
Matt, Lauren, Ahmed, Ali, Oleg, Vlad, Seung In, Anna, Patrick



Thank you


