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Real-world data (RWD), and more specifically electronic health re-
cord (EHR) data, have gained increasing interest and utilization in the 
pharmaceutical industry over the past few years, especially given 
their ability to support decision-making in drug development. From 
research and development to post-approval, EHR data can help in-
form various stages and components of the drug development pro-
cess.1 Although randomized controlled clinical trials have been the 
gold standard for decades, the use of RWD to complement these 
studies paves the way for more inclusive clinical trials, since RWD 
can provide a more representative composition of patients with a 
certain disease. Additionally, leveraging RWD when designing clini-
cal trials allows researchers to plan for and design studies with some 
initial insights on the patient population of interest, enabling scien-
tists to curate inclusion/exclusion criteria that are more directed 
and focused in order to get meaningful results. Recent advances in 
making RWD/EHR data more accessible include the OHDSI ecosys-
tem, which aims to bring large-scale analytics and access to health 
data to the broader community in an open-source FAIR format.2 In 
particular, there have been European efforts through the EHDEN/
DARWIN projects to make EHR data more accessible.3 We believe 

that by putting forward a standardized framework (particularly for 
a use case specific to clinical pharmacology), we might complement 
the efforts by the DARWIN project to showcase how EHR data can 
have an impact in a particular field. Overall, the use of RWD can pro-
vide qualified evidence when considering an appropriate scientific 
question and taking into account meaningful steps to standardize 
and generalize the data.4

However, utilization of EHR data is often limited and con-
strained due to various factors such as restrictions on data access 
(which may be out of scope at an individual scientist level) and the 
need for coding skills. As an example, to answer more clinically 
based questions, gaining insights from EHR data can be particu-
larly challenging since it requires individuals to have both clinical 
expertise (to formulate the question, identify the right patient pop-
ulation, and interpret the results) as well as technical expertise (to 
understand the data, acknowledge their limitations, and wrangle 
the data into a more usable format). This can be addressed by de-
veloping user-friendly dashboards which enable clinical scientists 
to interact with complex data and standardize common analysis 
practices for processing and interpreting EHR data. By removing 
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the need to be proficient in coding or wrangling big data, scientists 
can query RWD to help address drug development-related ques-
tions and support decision-making. Such efforts have led to the 
development of analytical methods to simulate and assess the im-
pact of clinical and demographic variables on trial enrollment and 
outcomes, such as in the Trial Pathfinder study.5 We present an 
analysis workflow that was internally developed as a dashboard; 
this tool was created to analyze the prevalence of hepatic and renal 
impairment in real-world patient cohorts as a use case example to 
demonstrate how to increase accessibility and utilization of RWD 
to support drug development. Since dedicated organ impairment 
studies can cost approximately 3–5 million dollars, leveraging RWD 
to (1) inform study design and (2) understand the need, relevance, 
and impact a dedicated organ impairment study may have (i.e., by 
providing insights on the proportion of the target population af-
fected by these comorbidities), can be extremely beneficial.

Renal and hepatic impairment are common comorbidities for 
patients diagnosed with cancer. Since organ impairment can di-
rectly affect the elimination of a drug, and thus its exposure, it 
is important to understand the severity and extent of changes in 
clearance when renal and/or hepatic are the primary route(s) of 
elimination. However, these patients are often excluded from piv-
otal clinical trials, and conducting dedicated studies to evaluate 
the impact of organ impairment on drug exposure can be chal-
lenging due to the paucity of patients. Increasing accessibility to 
RWD for the evaluation of prevalence and incidence of organ im-
pairment can greatly help in early decision-making, waiving, and/
or better designing of clinical pharmacology studies for certain 
diseases, as seen for both ipatasertib and polatuzumab vedotin; 
more specifically, for both molecules, RWD was used to under-
stand the prevalence and severity of organ impairment in their re-
spective indications and patient populations, which in turn aided 

in understanding the need and feasibility to conduct dedicated 
organ impairment studies.1,6,7 In addition, we also want our clinical 
trials to mirror the real-world population and not exclude patients 
from trials that could likely benefit from our medicines (advancing 
our diversity and inclusion goals for trials). Hence, knowing the 
incidence of organ impairment in the real-world setting, together 
with the knowledge of the drug's metabolism/elimination path-
ways, may also present opportunities to include a larger patient 
population than initially planned.

Using the nationwide Flatiron Health EHR-derived de-identified 
database, a longitudinal database comprising of de-identified patient-
level structured (i.e., analysis dataset similar to clinical trial data) and 
unstructured (e.g., physician notes) data curated via technology-
enabled abstraction, we can evaluate the real-world incidence of 
renal and/or hepatic impairment in oncology patient populations of 
interest, that is, a target population for a particular drug.8,9

We developed an easy-to-use dashboard to assess the prevalence 
of organ impairment. Users are able to create virtual cohorts that 
most accurately represent their clinical trial population of interest, 
following which the dashboard categorizes patients based on a pre-
defined renal (Cockcroft & Gault) or hepatic (NCI organ dysfunction 
working group) impairment criteria10,11 (Table  1). Outputs include 
attrition tables and distribution figures which can be downloaded 
as PDF or HTML files (Data S1). The example presented in Data S1 
demonstrates a case example where organ impairment prevalence 
and incidence were evaluated for patients diagnosed with advanced 
non-small cell lung cancer. In this example, the “Reference Date” cho-
sen for both renal and hepatic impairment was Diagnosis date and the 
“Time Range (months)” from which the dashboard should select lab-
oratory values was defined as 3 months prior to diagnosis to 3 months 
following diagnosis. Additionally, in this example, it was defined, in 
the “Lab Selection Criteria,” that if there is more than one laboratory 

TA B L E  1 Prevalence of renal and hepatic impairment across selected indications.

Organ function
Advanced 
melanoma

Advanced non-small 
cell lung cancer

Hepatocellular 
carcinoma

Metastatic 
breast cancer

Renal function Total number of patients (N) 7540 64 537 6906 15 324

Normal 3910 (51.86) 23 807 (36.89) 3143 (45.51) 7917 (51.66)

Mild impairment 2345 (31.1) 24 131 (37.39) 2171 (31.44) 4709 (30.73)

Moderate impairment 1176 (15.6) 15 093 (23.39) 1346 (19.49) 2399 (15.66)

Severe impairment 87 (1.15) 1280 (1.98) 195 (2.82) 240 (1.57)

Kidney failure 22 (0.29) 226 (0.35) 51 (0.74) 59 (0.39)

Hepatic function Total number of patients (N) 6393 59 446 6341 13 935

Normal 5701 (89.18) 53 639 (90.23) 1684 (26.56) 11 882 (85.27)

Mild impairment Group 1 384 (6.01) 4303 (7.24) 2307 (36.38) 1661 (11.92)

Group 2 188 (2.94) 932 (1.57) 897 (14.15) 227 (1.63)

Moderate impairment 75 (1.17) 384 (0.65) 909 (14.34) 90 (0.65)

Severe impairment 45 (0.70) 188 (0.32) 544 (8.58) 75 (0.54)

Note: Data are represented as N (%) for all impairment categories. Patients were categorized based on a predefined renal (Cockcroft & Gault) or 
hepatic (NCI organ dysfunction working group) impairment criteria. Data cut: August 2023. The laboratory result closest to the patient's initial 
diagnosis (but within 3 months before or after their initial diagnosis) was chosen for the categorization of each patient.
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result present in the specified time range, the dashboard should use 
the laboratory value closest to the reference date. Additional details 
on each of these parameters are provided in Section 1.3 of both the 
renal and hepatic impairment workflows in Data S1. With this given 
input, the dashboard was able to select the appropriate laboratory 
values (in addition to other demographic variables needed for renal 
impairment determination) and categorize patients based on the 
predefined renal and hepatic criteria. The results of these analyses 
are presented in Sections 4 and 5 of the report. Code can also be 
generated and downloaded to allow replication of the analysis. This 
dashboard empowers study teams to easily get insights into the real-
world prevalence and incidence of mild, moderate, and severe renal/
hepatic impairment.

By incorporating the analysis pipeline into a modularized, easy-
to-use application, it becomes more accessible to scientists with-
out coding skills. More specifically, we first focused on creating 
relevant toggles in the graphical user interface that would aid the 
user in building a cohort of interest while incorporating all avail-
able data. Secondly, we modularized functions that would then 
appropriately handle the data in the backend. Taking advantage 
of “shinydashboard” (an R package that makes it easy to build R 
shiny applications; https://​rstud​io.​github.​io/​shiny​dashb​oard/​), it 
was easy to implement the backend functions with input toggles 
that could easily be manipulated by a user in an outward facing 
interface. Lastly, we incorporated intuitive visuals using “ggplot” 
(https://​ggplo​t2.​tidyv​erse.​org/​) and interactive plots using “plotly” 
(https://​plotly.​com/​) so that the user would easily be able to con-
vey results to their team and interact with the data in real time. 
We believe that standardizing the analysis workflow through an 
easy-to-use application reduces the risk of misinterpretation while 
creating more reproducible results.

Overall, this organ impairment dashboard puts RWD and anal-
yses at the fingertips of scientists without requiring any coding 
skills, allowing for widespread use and adoption of RWD as well as 
assessing the feasibility and optimizing clinical trial design, informing 
drug development decisions, and supporting health authority inter-
actions. We believe that developing additional dashboards with mul-
tiple RWD sources (i.e., electronic health records and claims data) 
to answer various drug development questions can be informative 
and helpful for the scientific community to not only complement 
randomized clinical trials but also to promote more representative, 
diverse studies and reduce patient burden. The use of standardized 
dashboards may also increase the regulatory acceptance of the data 
generated. We hope this dashboard can serve as a template and be 
a springboard for other institutions to create their own dashboards, 
expanding the use of RWD among the scientific community to help 
supplement drug development.
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