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• Overly restrictive eligibility criteria are a key barrier that leads to low enrolment in clinical trials.

86% of cancer trials fail to recruit within targeted timeline.[1]

80% of aNSCLC patients do not meet trial criteria.[2]

• Overly restrictive eligibility criteria limit the access of patients to potentially beneficial treatments. 

In a 2017 global survey, 74.5% of cancer patients were willing to participate in a clinical trial.[4] 

In the US, only 8.1% of cancer patients participate in one.[5]

• Trial cohorts don’t reflect the real-world population.

           

Why relax eligibility criteria?

1.Huang, G. D. et al. Contemp. Clin. Trials 2018     2. Fehrenbacher et al., J. Clin. Oncol. 2009  4.Anderson et al. JAMA, 2018 5. Unger et al., JNCI, 2019 



Eligibility criteria variation across nSCLC trials

Liu, R., Rizzo, S., Whipple, S. et al. Nature 2021



• Eligibility criteria often anecdotal
• Often transferred from previous trials 

• Modified by clinicians by experience

• Has become commonly accepted over time

• Used as a template across trials

How are eligibility criteria designed?



The National Cancer Institute (NCI) Clinical Trials Program Review Group concluded that:

“The eligibility criteria for all cancer clinical trials should be simplified in order to require 

minimal input at the time of registration of individuals.”

NCI: http://deainfo.nci.nih.gov/advisory/bsa/bsa_program/bsactprgmin.pdf
FDA: https://www.fda.gov/media/127712/download

Challenge: how to design eligibility criteria?

FDA guidance for industry:

“Current eligibility criteria sometimes excluding certain populations from trials without 

strong clinical or scientific justification [...] Unnecessary exclusion of such participants 

may lead to a failure to discover important safety information about use of the 

investigational drug in patients who will take the drug after approval.”

http://deainfo.nci.nih.gov/advisory/bsa/bsa_program/bsactprgmin.pdf
https://www.fda.gov/media/127712/download


Opportunity for proof-of-concept

• Can we create a data-driven tool to support clinical trialists when designing eligibility criteria 

in oncology protocols?

– design of more inclusive studies

– reduced timelines (reduced costs)

– obtain more generalizable results

– impact drug development using RWD

• Outputs: 

– Nature publication
– Internal web app: Trial Pathfinder



Trial Pathfinder

Used Shapley values to quantify the contribution of each eligibility rule. 

Liu, R., Rizzo, S., Whipple, S. et al. Nature 2021



Shapley values

Liu, R., Rizzo, S., Whipple, S. et al. Nature 2021



Trial emulation under different scenarios

Keynote 189

Original trial criteria: Includes all encoded IE rules.
Fully relaxed criteria: No IE rules applied to the cohort.

Data-driven criteria: Small subset of criteria suggested by Trial Pathfinder.

Liu, R., Rizzo, S., Whipple, S. et al. Nature 2021



Evaluation of eligibility criteria

Trial Name
Original Trial Criteria with RWD Fully Relaxed Criteria Data-driven Criteria

#Criteria #Patients HR #Patients HR #Criteria #Patients HR
FLAURA 10 1,110 0.80 3,469 0.84 2 2,929 0.79
LUX8 11 71 0.53 1,328 0.82 3 142 0.45
Checkmate017 17 259 0.69 4,700 0.69 6 3,948 0.67
Checkmate057 19 387 0.82 4,700 0.69 2 2,966 0.66
Checkmate078 18 750 0.75 4,700 0.69 6 2,690 0.65
Keynote010 13 405 0.64 1,745 0.49 1 1,743 0.49
Keynote189 16 2,089 0.82 7,610 0.91 11 3,097 0.74
Keynote407 13 1,076 0.99 9,216 1.08 4 6,481 0.99
Beyond 13 1,585 1.15 8,689 1.12 1 5,344 1.05
OAK 18 376 0.88 1,223 0.84 5 904 0.78
Average 15 811 0.81 4,738 0.82 4 3,024 0.73

Liu, R., Rizzo, S., Whipple, S. et al. Nature 2021



The selection of threshold in bilirubin can be relaxed with no effect 
to the HR

Trial Name
Bilirubin 
threshold

FLAURA ≤1.5xULN
LUX8 ≤1.5xULN
Checkmate017 ≤1.0xULN
Checkmate057 ≤1.0xULN
Checkmate078 ≤1.0xULN
Keynote010 ≤1.0xULN
Keynote189 ≤1.5xULN
Keynote407 ≤1.5xULN
Beyond ≤1.5xULN
OAK ≤1.0xULN

more restrictive less restrictive

Similar results for exclusion based on platelets, hemoglobin and alkaline phosphatase.

Liu, R., Rizzo, S., Whipple, S. et al. Nature 2021



Safety studies

● We analysed the follow-up and evaluation of toxicity for 22 completed Roche 
oncology trials.
○ Different trials had different lab thresholds to exclude patients.
○ More inclusive lab thresholds did not have more withdrawals due to adverse 

events.

● In Flatiron aNSCLC cohort with abstracted toxicity data (n=1000)
○ No significant difference in baseline lab values at the start of treatment in 

patients who reported toxicity-related adverse events during treatment 
compared to patients who did not.



Extensions

● Similar results in other cancers: colorectal cancer, advanced melanoma, breast cancer. 

● Similar results using different endpoints: Progression Free Survival



Limitations

● Ability to encode subset of eligibility criteria for the trials  (32% on average).

● Treatments found in the real-world data..

● Based on Flatiron data (US, primarily community oncology sites, non-randomized).

●



Conclusions

● Trial Pathfinder is a computational framework to 1) encode eligibility criteria, 2) emulate 

existing trials under combinations of eligibility criteria and 3) evaluate the impact on 

overall survival (OS) hazard ratio of individual eligibility criteria using RWD.

● Trial Pathfinder revealed that many common criteria, including many based on lab values, 

had minimal to no effect on the trial hazard ratios.

● In aNSCLC, with this data-driven approach to relax restrictive criteria, the pool of eligible 

patients more than double while the hazard ratio was reduced by 0.05 on average, 

suggesting that excluded patients may benefit from treatment.



Conclusions

● We also found that emulated trials with relaxed criteria were more inclusive, they tended to include 

more women and older patients. 

● Also we showed that more inclusive trials did not have increased number of adverse events. 

● We showed these results hold for other cancers besides lung, we performed similar analysis and found 

similar results in melanoma, colorectal and breast cancer. 

● Less restrictive trials are not only more inclusive, they lead to potentially reduced enrollment times and 

reduced costs. 

● Still requires clinical judgement regarding patient safety criteria.

● Complete details of the study:  Liu, R., Rizzo, S., Whipple, S. et al. Evaluating eligibility criteria of oncology trials 

using real-world data and AI. Nature 592, 629–633 (2021). 

https://doi.org/10.1038/s41586-021-03430-5


Doing now what patients need next


