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ABSTRACT
Background Diagnostic errors cause substantial 
preventable harms worldwide, but rigorous estimates 
for total burden are lacking. We previously estimated 
diagnostic error and serious harm rates for key dangerous 
diseases in major disease categories and validated 
plausible ranges using clinical experts.
Objective We sought to estimate the annual US burden 
of serious misdiagnosis- related harms (permanent 
morbidity, mortality) by combining prior results with 
rigorous estimates of disease incidence.
Methods Cross- sectional analysis of US- based 
nationally representative observational data. We 
estimated annual incident vascular events and infections 
from 21.5 million (M) sampled US hospital discharges 
(2012–2014). Annual new cancers were taken from 
US- based registries (2014). Years were selected for 
coding consistency with prior literature. Disease- specific 
incidences for 15 major vascular events, infections and 
cancers (’Big Three’ categories) were multiplied by 
literature- based rates to derive diagnostic errors and 
serious harms. We calculated uncertainty estimates 
using Monte Carlo simulations. Validity checks included 
sensitivity analyses and comparison with prior published 
estimates.
Results Annual US incidence was 6.0 M vascular events, 6.2 
M infections and 1.5 M cancers. Per ’Big Three’ dangerous 
disease case, weighted mean error and serious harm rates 
were 11.1% and 4.4%, respectively. Extrapolating to all 
diseases (including non-’Big Three’ dangerous disease 
categories), we estimated total serious harms annually in the 
USA to be 795 000 (plausible range 598 000–1 023 000). 
Sensitivity analyses using more conservative assumptions 
estimated 549 000 serious harms. Results were compatible 
with setting- specific serious harm estimates from inpatient, 
emergency department and ambulatory care. The 15 
dangerous diseases accounted for 50.7% of total serious 
harms and the top 5 (stroke, sepsis, pneumonia, venous 
thromboembolism and lung cancer) accounted for 38.7%.
Conclusion An estimated 795 000 Americans become 
permanently disabled or die annually across care settings 
because dangerous diseases are misdiagnosed. Just 15 
diseases account for about half of all serious harms, so the 
problem may be more tractable than previously imagined.

INTRODUCTION
Diagnostic error is a major source of 
preventable harms worldwide across 
clinical settings,1–6 but epidemiologically 

valid estimates of overall misdiagnosis- 
related morbidity and mortality are 
lacking. The US National Academy of 
Medicine describes improving diagnosis 
in healthcare as a ‘moral, professional, 
and public health imperative’.7 In its 2015 
report, the National Academy concluded 
that ‘most people will experience at least 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

 ⇒ Diagnostic errors are known to be 
common, costly and often catastrophic 
in their health outcomes for patients.

 ⇒ Nevertheless, current estimates of the 
aggregate burden of serious harms 
resulting from medical misdiagnosis 
vary widely.

WHAT THIS STUDY ADDS
 ⇒ This study provides the first national 
estimate of permanent morbidity and 
mortality resulting from diagnostic 
errors across all clinical settings, 
including both hospital- based and 
clinic- based care (0.6–1.0 million each 
year in the USA alone).

 ⇒ It does so via an approach that 
extrapolates from disease- based 
estimates for the most common 
dangerous conditions that often cause 
serious harms when missed—vascular 
events, infections and cancers.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ Because the overall burden of serious 
misdiagnosis- related harms is quite 
large, improving diagnosis of dangerous 
diseases most often responsible—
stroke, sepsis, pneumonia, venous 
thromboembolism and lung cancer—
constitutes an urgent public health 
imperative.
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Original research

5.2 to 13.1) and inpatient diagnostic adverse events 
(~7.4%) were lower, as expected (online supple-
mental file 1- C1,C2). Our disease- based estimate 
of total serious misdiagnosis- related harms (across 
clinical settings) of ~795 000 (PPR 598 000–1 023 
000) was comparable to independent literature- 
derived values using a setting- based (rather than 
disease- based) approach, which assessed ~855 000 

(490 000- 1 659 000) serious misdiagnosis- related 
harms (online supplemental file 1- C3). Estimates 
of inpatient misdiagnosis- related deaths derived 
from our disease- based approach (~105 000) fall 
within the uncertainty bounds of those derived 
independently from previously published medical 
literature on hospital autopsies (~82 000 (51 
000–128 000)) and hospital- based adverse events 

Figure 1 Annual population incidence of serious misdiagnosis- related harms from vascular events, infections, cancers and all non-‘Big Three’ others. 
The estimated grand total annual US incidence for serious harms (combining ‘Big Three’ harms with other non-‘Big Three’ harms) is 795 000 (probabilistic 
plausible range (PPR) 598 000–1 023 000). Whiskers denote PPRs from the Monte Carlo analysis.

Figure 2 Fraction of serious misdiagnosis- related harms in the USA attributed to the top diseases by category. The treemap diagram proportionally 
represents hierarchical categories and specific diseases causing serious harms when the diagnosis is incorrect. As we reported previously, based solely on 
clinical studies, ‘Big Three’ diseases account for 75.8% of all serious harms.9 The current analysis shows these are broken down as 34.0% infections, 28.6% 
vascular events and 13.2% cancers. Taken together, the top five vascular events, infections and cancers account for 50.7% of all serious harms; the five 
most frequently harmful conditions across ‘Big Three’ categories account for 38.7% of all serious harms. AA/AD, aortic aneurysm/aortic dissection; ATE, 
arterial thromboembolism; CRC, colorectal cancer; EC, endocarditis; ME, meningitis/encephalitis; MI, myocardial infarction; ML, melanoma; PC, prostate 
cancer; SA, spinal abscess; VTE, venous thromboembolism.
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Sans compter les erreurs 
moins graves et celles 
qu’on ne détecte pas encore

En Europe, 
~400’000 vies 

par an*



*Deloitte & MedTech 
*Europe, 2020

Excess Medical Care Spending: The Categories,
Magnitude, and Opportunity Costs of Wasteful
Spending in the United States

Landmark reports from reputable
sources have concluded that the
United States wastes hundreds of
billions of dollars every year on
medical care that does not im-
prove health outcomes. While
there is widespread agreement
over how wasteful medical care
spending is defined, there is no
consensus on its magnitude or cat-
egories. A shared understanding of
themagnitude and components of
the issue may aid in systematically
reducing wasteful spending and
creating opportunities for these
funds to improve public health.

To this end, we performed a
review and crosswalk analysis of
the literature to retrieve compre-
hensive estimates of wasteful
medical care spending. We ab-
stracted each source’s definitions,
categories of waste, and associ-
ated dollar amounts. We synthe-
sized and reclassified waste into
6 categories: clinical inefficiencies,
missed prevention opportunities,
overuse, administrative waste, ex-
cessiveprices, and fraudandabuse.

Aggregate estimates of waste
varied from $600 billion to more
than$1.9trillionperyear,orroughly
$1800 to $5700 per person per
year. Wider recognition by public
health stakeholders of the human
and economic costs of medical
waste has the potential to catalyze
health system transformation. (Am
J Public Health. 2020;110:1743–
1748. https://doi.org/10.2105/AJPH.
2020.305865)

Matthew Speer, MS, J. Mac McCullough, PhD, MPH, Jonathan E. Fielding, MD, MPH, MA, MBA,
Elinore Faustino, MA, and Steven M. Teutsch, MD, MPH

See also Magnan and Teutsch, p. 1731, and the AJPH Wasteful Medical Care Spending

section, pp. 1730–1759.

In 2018, national health ex-
penditures in the United States

grew to $3.6 trillion, nearly 18%
of the gross domestic product.1

The United States spends nearly
twice as much per capita as other
high-income countries,2 but
mounting evidence demonstrates
that a significant amount of US
medical care spending does little
or nothing to improve pop-
ulation health outcomes and is
therefore wasteful.

In 2009, the Institute of Med-
icine (since renamed and now part
of the National Academies of
Sciences, Engineering, and
Medicine [NASEM]) Round-
table on Value and Science-
Driven Health Care convened a
4-part workshop series to ex-
amine the major causes of excess
medical care spending,waste, and
inefficiency in theUnited States.3

According to findings from these
workshops, the lower-bound
totals of estimates of excess ex-
penditures amounted to $765
billion in 2009 ($879 billion in
2019 dollars; note that all sub-
sequent amounts are in 2019
dollars unless otherwise noted)
or 30% of national health expen-
ditures. A separate analysis by
Berwick and Hackbarth in 2012
estimated that the range of annual
medical care waste was between
21% and 47% of national health
expenditures.4 Extrapolating Ber-
wick and Hackbarth’s estimates

using themost recent data available
yields a range of $803 billion to
$1.8 trillion in wasted spending.

While there has been more at-
tention paid to waste over the past
few decades,5 this has not translated
into a shared understanding among
the larger public health community
about the categories andmagnitude
of waste nor its opportunity costs.
To put these estimates in perspec-
tive, the lower-bound opportunity
cost of reducing waste could fund
the entire 2020 budget request for
the Department of Defense; the
upper-bound estimate would be
sufficient to completely erase out-
standing student loans in theUnited
States in a single year. Indeed, an
underexplored aspect of waste is
what other high-priority national
needs are not adequately funded
because the money funds medical
care waste instead. These funds
could even be allocated to reduce
the unprecedented governmental
debt from our response to the
COVID-19 pandemic. In any
other sector, waste of the same
relative magnitude would be con-
sidered a crisis.6

The purpose of this essay is to
advance a shared understanding
of medical care waste and its
constituent components through
a review and synthesis of com-
prehensive estimates in the recent
literature.

LITERATURE REVIEW
We performed a literature

review to retrieve system-
wide estimates of the magnitude
of wasteful spending for med-
ical care in the United States.
We examined the opportu-
nity cost of wasteful spending
by identifying topical alterna-
tive public health priorities
that are roughly equivalent in
cost to wasteful medical care
spending.

Inclusion criteria for our lit-
erature review were sources
(peer-reviewed studies or reports
from the gray literature) that
developed and published an ag-
gregate estimate of total wasteful
medical care spending in the
United States. We excluded
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would show leadership in reduc-
ing the pace and effects of climate
change.While the mechanisms for
transferring wasteful medical care
spending into such initiatives re-
main a policy challenge, public and
policymaker understanding is
critical to enable the nation to
tackle deeply entrenched vested
interests and capitalize on the
enormous opportunity to repur-
pose wasted dollars.6,12

LIMITATIONS
Our findings should be viewed

with some limitations in mind.
First, because of the range of
publication types and venues in-
cluded, this study was not struc-
tured as a formal systematic
review, and there may be other
relevant sources not retrieved
through our searches. To iden-
tify as many relevant sources as
possible, we used a multifaceted
search strategy across multiple
databases. We sought to describe
our methods in sufficient detail to
enable transparency and

replication to reduce risk of bias
from this multifaceted search.

Second, data from the 6
sources reflect different years,
may reflect factors that have since
changed, or may have been
measured differently based on
specific definitions of variables.
Perhaps most notably, most of
the studies included were con-
ducted before the ACA was fully
implemented. Although the
ACAdid not focus extensively on
reducing waste, there have been
important changes in the medical
care system that may have af-
fected waste. Not every source
provides enough methodological
detail to recreate its estimates
with post-ACA data.

Third, this analysis was able to
present only descriptive findings as
reported by each study. Further
causal inferences related to the cat-
egorizationormagnitudeofmedical
care waste would require additional
data. Lastly, we did not examine
sources that addressed only a single
category or more limited categories
of waste (e.g., only clinical waste) as
many did not contain sufficient

methodological detail to ensure that
aggregation of estimates from
multiple sources would not result in
under- or overcounting of waste.
We focused only on studies whose
goal was to estimate system-level
waste estimates.

WHERE DO WE GO
FROM HERE?

By more clearly defining and
categorizing the problem of
wasteful spending in medical care
and suggesting important missed
opportunities to reduce dispar-
ities and improve health out-
comes, this essay is intended to
help public health practitioners
more fully understand the
problem and drive action. The
ongoing COVID-19 pandemic
demonstrates the horrendous
health inequities resulting from a
failure of the nation to fully ad-
dress upstream determinants of
health. Public health now has a
generational opportunity to ar-
ticulate the problem of waste, its

consequences, and the opportu-
nities for change.

The potential for waste re-
duction in medical care is sub-
stantial, in terms of its impact on
both US population health and
the US economy. Eliminating
medical care waste could allow us
to recapture hundreds of billions
of dollars every year that provide
no health value. Many of those
savings would accrue to the pri-
vate sector—savings that could
be used to increase wages, reduce
unemployment, and enhance
international competitiveness.
Substantial amounts would also
accrue to federal and state gov-
ernments and could be used for
public health programs as well as
social and environmental initia-
tives. Previous analyses have
shown that reallocating wasted
medical care dollars toward other
priorities can yield meaningful
dividends to our health status and
outcomes.6 Yet concrete strate-
gies for doing so remain elusive.

Existing literature identifies
many potential sources of waste
and provides a broad range of

TABLE 2—Range Estimates of Wasteful US Medical Care Spending by Category of Waste and Corresponding Analogous Expenditures, 2019

Category of Waste
2019 Range of Estimates

(US$ Billions)
Median Estimate
(US$ Billions)

Median Estimate
(US$ Per Capita) Examples of Opportunity Cost of Wastea

Clinical inefficiencies 27–378 202 609 Triple the annual National Institutes of Health Research Budget

($117.6 billion) and annual US biopharmaceutical sector research

and development ($71.4 billion)1

Missed prevention opportunities 29–590 310 934 Total annual direct and indirect costs of diagnosed diabetes in the

United States ($245 billion)13 and annual estimated costs of the

American Housing and Economic Mobility Act ($50 billion)

Overuse 66–835 451 1359 Annual estimated costs associated with switching to 100%

renewable energy in the United States ($423.9 billion)14

Administrative waste 117–461 281 847 Repeal of the estate tax ($64 billion) and a 10% tax reduction to

households earning less than $200 000 ($174 billion)

Excessive prices 96–241 169 509 Universal child care ($42 billion), paid family leave ($28 billion),

and double the budget of the Supplemental Nutrition Assistance

Program ($68 billion)

Fraud and abuse 59–312 185 557 Free annual tuition across all public US colleges and universities

($79 billion) and free annual universal pre-K ($26 billion)

Note. All amounts shown in table are in constant 2019 dollars, adjusted for inflation using the Consumer Price Index medical price index growth rate.
aWhat median estimate amount could cover if addressed and reinvested.

AJPH WASTEFUL MEDICAL CARE SPENDING

1746 Analytic Essay Peer Reviewed Speer et al. AJPH December 2020, Vol 110, No. 12

En Europe, par an* :

~200 milliards d’euros,
~1.8 milliards d’heures 
de professionels de santé

Aujourd’hui, 
la santé coûte
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La majorité des professionels se 
basent sur des résumés…

La faute à la 
complexité

* ~80 % selon Darst et al. (2010)
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Diagnostics

Procédures

Prescriptions

Observations

Analyses

Notes d’instructions

Visites et événements

Rendez-vous

…et la majorité* des décisions ne se 
basent sur aucune donnée publiée

De multiples 
sources de 

données par 
patient

Adapté de 
arcadia.io



AI… AI…

Eh aïe, eh aïe… Eh oui ça 
fait mal Monsieur Bardyn. 

Vous voulez jouer avec 
mon ChatGPT ?

© Charles-E. Bardyn 2025



Programmes qui distinguent 
un chien d’un chat

(Kaggle, 2013)

Programmes qui prédisent 
la structure de molécules

(Prix Nobel, 2024)

Programmes qui prédisent 
des trajectoires de santé

(CLMBR-T-base,
Wornow et al. 2023)

Programmes qui détectent 
des crises d’épilepsie 

(Bardyn et al., 2025)

Programmes qui :
- détectent des exoplanètes,
- prédisent des changements 

climatiques,
- etc. etc.

IA au sens large = méthodes de 
recherche dans l’espace des possibles

© Charles-E. Bardyn 2025



IA au sens large = méthodes de 
recherche dans l’espace des possibles

Wolfram, 2024

© Charles-E. Bardyn 2025
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> 1’000 algorithmes d’IA 
approuvés par la FDA

Entraînés sur des tâches 
spécifiques facilement 

validables (comparé au reste)

Les modèles de deep 
learning classique



1. Gros volume de données
(textes, images, vidéos, 
parcours de soin, etc.)

2. Entraînement sur un 
objectif de bas niveau

3. Emergence de 
comportements de haut 

niveau (complexes), sans 
aucun design à ce niveau

Les modèles 
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Abstract
Generalist foundation models such as GPT-4 have displayed surprising capabilities in a

wide variety of domains and tasks. Yet, there is a prevalent assumption that they cannot

match specialist capabilities without intensive training of models with specialty knowledge. For

example, most explorations to date on medical competency benchmarks have leveraged domain-

specific training, as exemplified by e↵orts on BioGPT and Med-PaLM. We build on a prior study

of the specialist capabilities of GPT-4 on medical challenge benchmarks in the absence of special

training. In distinction to the intentional use of simple prompting to highlight the model’s out-

of-the-box capabilities, we perform a systematic exploration of prompt engineering to boost

performance. We find that prompting innovation can unlock deeper specialist capabilities and

show that GPT-4 easily tops prior leading results for medical question-answering datasets.

The prompt engineering methods we explore are general purpose, and make no specific use

of domain expertise, removing the need for expert-curated content. Our experimental design

carefully controls for overfitting during the prompt engineering process. As a culmination of

the study, we introduce Medprompt, based on a composition of several prompting strategies.

Medprompt greatly enhances GPT-4’s performance and achieves state of the art results on all

nine of the benchmark datasets in the MultiMedQA suite. The method outperforms state-of-

the-art specialist models such as Med-PaLM 2 by a large margin with an order of magnitude

fewer calls to the model. Steering GPT-4 with Medprompt achieves a 27% reduction in error rate

on the MedQA dataset (USMLE exam) over the best methods to date achieved with specialist

models, and surpasses a score of 90% for the first time. Moving beyond medical challenge

problems, we show the power of Medprompt to generalize to other domains and provide evidence

for the broad applicability of the approach via studies of the strategy on competency exams

in electrical engineering, machine learning, philosophy, accounting, law, nursing, and clinical

psychology.
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1 Introduction

A long-term aspiration in AI research is to develop principles of computational intelligence and to
harness these to build learning and reasoning systems that can perform general problem solving
across a diversity of tasks [21, 22]. In line with this goal, large language models, also referred to as
foundation models, such as GPT-3 [3] and GPT-4 [24], have demonstrated surprising competencies
on a broad swath of tasks without requiring heavy specialized training [4]. These models build on the
text-to-text paradigm [31] with investments in compute and data to learn at scale from indiscriminate
consumption of large amounts of public web data. Some of these models are tuned via a learning
objective to perform general instruction-following via prompts.
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Figure 1: (a) Comparison of performance on MedQA. (b) GPT-4 with Medprompt achieves SoTA
on a wide range of medical challenge questions.

A core metric for characterizing the performance of foundation models is the accuracy of next
word prediction. Accuracy with next word prediction is found to increase with scale in training
data, model parameters, and compute, in accordance with empirically derived “neural model scaling
laws” [3, 12]). However, beyond predictions of scaling laws on basic measures such as next word
prediction, foundation models show the sudden emergence of numerous problem-solving capabilities
at di↵erent thresholds of scale [33, 27, 24].

Despite the observed emergence of sets of general capabilities, questions remain about whether
truly exceptional performance can be achieved on challenges within specialty areas like medicine in
the absence of extensive specialized training or fine-tuning of the general models. Most explorations
of foundation model capability on biomedical applications rely heavily on domain- and task-specific
fine-tuning. With first-generation foundation models, the community found an unambiguous ad-
vantage with domain-specific pretraining, as exemplified by popular models in biomedicine such as

2
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Amulti-center study on the adaptability of
a shared foundation model for electronic
health records

Check for updates

Lin Lawrence Guo1,7, Jason Fries 2,7, Ethan Steinberg2, Scott Lanyon Fleming 2, Keith Morse 3,
Catherine Aftandilian4, Jose Posada 5, Nigam Shah 2,8 & Lillian Sung 1,6,8

Foundation models are transforming artificial intelligence (AI) in healthcare by providing modular
components adaptable for various downstream tasks, making AI development more scalable and
cost-effective. Foundation models for structured electronic health records (EHR), trained on coded
medical records from millions of patients, demonstrated benefits including increased performance
with fewer training labels, and improved robustness to distribution shifts. However, questions remain
on the feasibility of sharing these models across hospitals and their performance in local tasks. This
multi-center study examined the adaptability of a publicly accessible structured EHR foundation
model (FMSM), trained on 2.57Mpatient records fromStanfordMedicine. Experiments used EHRdata
fromTheHospital for SickChildren (SickKids) andMedical InformationMart for IntensiveCare (MIMIC-
IV). We assessed both adaptability via continued pretraining on local data, and task adaptability
compared to baselines of locally training models from scratch, including a local foundation model.
Evaluations on 8 clinical prediction tasks showed that adapting the off-the-shelf FMSM matched the
performance of gradient boosting machines (GBM) locally trained on all data while providing a 13%
improvement in settings with few task-specific training labels. Continued pretraining on local data
showed FMSM required fewer than 1% of training examples to match the fully trained GBM’s
performance, and was 60 to 90% more sample-efficient than training local foundation models from
scratch. Our findings demonstrate that adapting EHR foundation models across hospitals provides
improved prediction performance at less cost, underscoring the utility of base foundation models as
modular components to streamline the development of healthcare AI.

Foundationmodels1, large-scale artificial intelligence (AI)models trainedon
massive amounts of unlabeled data using self-supervised learning, mark a
paradigm shift for healthcare AI by moving away from bespoke, single-
purpose models to generalist and more easily adaptable medical AI2.
Foundation models open new opportunities to improve diagnostic and
predictive capabilities, enable proactive interventions and improve patient
care using a range of modalities including natural language3,4, imaging5,
genomics6,7, and structured data from electronic health records (EHRs)8–11.
Structured EHR foundationmodels, trained on tabular, timestamped event
data for procedures, diagnoses, medications, and lab values as examples,

offer distinct representational abilities over other modalities by focusing on
encoding patients’ longitudinal medical history. This enables generating
feature representations that summarize a patient’s entiremedical history up
to a specific time point, facilitating downstream tasks such as risk stratifi-
cation and time-to-event modeling.

Recent EHR foundation models report state-of-the-art accuracy,
require fewer labeled examples for task adaptation, and have demonstrated
improved robustness to distribution shifts across time and patient
subpopulations12,13. With model hubs (centralized repositories for pre-
trained model weights) playing a key role in modern AI development,

1Program in Child Health Evaluative Sciences, The Hospital for Sick Children, Toronto, ON, Canada. 2Stanford Center for Biomedical Informatics Research,
Stanford University, Palo Alto, CA, USA. 3Division of Pediatric Hospital Medicine, Department of Pediatrics, Stanford University, Palo Alto, CA, USA. 4Division of
Hematology/Oncology, Department of Pediatrics, Stanford University, Palo Alto, CA, USA. 5Universidad del Norte, Barranquilla, Colombia. 6Division of Haema-
tology/Oncology, The Hospital for Sick Children, Toronto, ON, Canada. 7These authors contributed equally: Lin Lawrence Guo, Jason Fries.8These authors jointly
supervised this work: Nigam Shah, Lillian Sung. e-mail: Lillian.sung@sickkids.ca
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Cherche sur 
le web

Ecris et fais 
tourner du code 
pour répondre

Pense étape 
par étape

(Wei et al., 2022)

Servent de blocs pour
d’autres niveaux 

d’émergence 
(raisonnements, 

agents, conscience ?)

Les modèles 
“fondation”

Pense plusieurs fois étape 
par étape et choisis ta 

meilleure réponse
(Wang et al., 2023)

Evalue ta réponse, 
puis améliore-là

(Wang et al., 2024)

Etc. etc.

Génère de nouvelles 
réponses à partir des 
meilleures réponses 

passées
(Lim et al., 2024)

Débats avec d’autres 
modèles pour 

améliorer ta réponse
(Du et al., 2023)
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A Systematic Review of Testing and Evaluation of Healthcare Applications 
of Large Language Models (LLMs) 
Authors: Suhana Bedi, Yutong Liu, Lucy Orr-Ewing, Dev Dash, Sanmi Koyejo, Alison Callahan, 
Jason A. Fries, Michael Wornow, Akshay Swaminathan, Lisa Soleymani Lehmann, Hyo Jung 
Hong, Mehr Kashyap, Akash R. Chaurasia, Nirav R. Shah, Karandeep Singh, Troy Tazbaz, 
Arnold Milstein, Michael A. Pfeffer, and Nigam H. Shah 

0. Key Points 
● Question: How are healthcare applications of large language models (LLMs) currently 

evaluated? 
● Findings: Studies rarely used real patient care data for LLM evaluation. Administrative 

tasks such as generating provider billing codes and writing prescriptions were 
understudied. Natural Language Processing (NLP)/Natural Language Understanding 
(NLU) tasks like summarization, conversational dialogue, and translation were 
infrequently explored. Accuracy was the predominant dimension of evaluation, while 
fairness, bias and toxicity assessments were neglected. Evaluations in specialized 
fields, such as nuclear medicine and medical genetics were rare. 

● Meaning: Current LLM assessments in healthcare remain shallow and fragmented. To 
draw concrete insights on their performance, evaluations need to use real patient care 
data across a broad range of healthcare and NLP/NLU tasks and medical specialties 
with standardized dimensions of evaluation. 

1. Abstract  
Importance: Large Language Models (LLMs) can assist in a wide range of healthcare-related 
activities. Current approaches to evaluating LLMs make it difficult to identify the most impactful 
LLM application areas. 
 
Objective: To summarize the current evaluation of LLMs in healthcare in terms of 5 
components: evaluation data type, healthcare task, Natural Language Processing (NLP)/Natural 
Language Understanding (NLU) task, dimension of evaluation, and medical specialty. 
 
Data Sources: A systematic search of PubMed and Web of Science was performed for studies 
published between 01-01-2022 and 02-19-2024. 
 
Study Selection: Studies evaluating one or more LLMs in healthcare. 
 
Data Extraction and Synthesis: Three independent reviewers categorized 519 studies in 
terms of data used in the evaluation, the healthcare tasks (the what) and the NLP/NLU tasks 
(the how) examined, the dimension(s) of evaluation, and the medical specialty studied.  
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95% des études 
n’utilisent pas de 
vraies données patient

84% se focalisent sur 
la tâche de répondre 
à des questions

1 étude sur 519 seulement 
analyse l'impact financier 
/ la rentabilité

Aujourd’hui :



La biologie est inefficace 
pour créer des machines 

capables d’apprendre

Aujourd’hui, quelques lignes 
de code suffisent

Les modèles fondation et les 
architectures dérivées (par 
ex. agentiques) promettent 

un monde d’innovations

En santé, la plupart des 
établissements n’ont ni les talents ni 

l’infrastructure nécessaires

Très peu sont capables de valider 
des IA, encore moins d’assurer la 
surveillance humaine nécessaire

Validation, surveillance, 
infrastructure, maintenance, 

formation, etc. sont à considérer en 
premier pour éviter les « pilotitis »
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Depuis peu, on sait enfin 
couper le cordon de l’IA

Recherches ouvertes 
dans l’espace des 
actions possibles

Recherches ouvertes 
dans l’espace des 

raisonnements 
possibles

Recherches ouvertes guidées 
par l’intuition des modèles 

foundation existants
OMNI-EPIC (Faldor et al. 2024)

ADAS (Hu et al. 2024)
PAE (Zhou et al. 2024)

Etc.
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