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Different (and complementary) 
settings, perspectives and implications

1. Drug development

• Early phases

• Late phases

2. Clinical practice

3. Policy making
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Preclinical work

Clinical trials

Regulatory approval

Clinical practice

Health technology assessment



What is a curmudgeon?

“The concept of personalized medicine is so appealing that 
seemingly only curmudgeons could criticize it.”

4Tannock and Hickman, N Engl J Med 2016;375:1289-94



What is precision oncology?

• “Giving the right treatment to the right patient at the right 
time”

• This entails using targeted therapy and biomarkers

• At least three meanings, with considerable overlap:

1. Choosing treatment based on predictive biomarkers

2. Interrogating tumor genomes to select among existing 
therapies

3. Using molecular features to select evidence-based treatment
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Choosing treatment based on 
predictive biomarkers

6Mok et al, N Engl J Med 2009; 361:947; Amado et al, J Clin Oncol 2008; 26:1626



Interrogating genomes to select 
among existing therapies

7
Garraway et al, J Clin Oncol 2013;31:1803-5; Sicklick et al, Nat Med 2019;25:744–50; 
Rodon et al, Nat Med 2019; 25: 751-8

WINTHER Trial

I-PREDICT Study



Using molecular features to select 
evidence-based treatment

8Drilon et al, N Engl J Med 2018;378:731-739; Shaw et al, N Engl J Med 2013;368:2385-94



Biomarkers

• A defined characteristic that is measured as an indicator of 
normal biological processes, pathogenic processes, or 
responses to an exposure or intervention, including 
therapeutic interventions. Molecular, histologic, radiographic, 
or physiologic characteristics are types of biomarkers. 
Categories of biomarkers:

• susceptibility/risk biomarker

• diagnostic biomarker

• monitoring biomarker

• prognostic biomarker

• predictive biomarker

• pharmacodynamic/response biomarker

• safety biomarker

9FDA-NIH Biomarker Working Group, 2018

A biomarker used to identify individuals who are 
more likely than similar individuals without the 
biomarker to experience a favorable or 
unfavorable effect from exposure to a medical 
product or an environmental agent.



Companion diagnostics

• 46 companion 
diagnostics

• 45 are in oncology (1 in 
thalassemia)

• 11 dedicated to HER-2 
(plus some including 
HER-2)

10
https://www.fda.gov/medical-devices/vitro-diagnostics/list-cleared-or-approved-
companion-diagnostic-devices-vitro-and-imaging-tools



Current predictive or “enrichment”
biomarkers in oncology

11Vivot et al, Sci Rep 2017;7:6882

1. HER-2 and trastuzumab/lapatinib/pertuzumab/T-DM1
2. BCR-Abl and imatinib/dasatinib/nilotinib
3. EGFR and erlotinib/gefitinib/afatinib/osimertinib/amivantamab-vmjw
4. FGFR and erdafitinib
5. KRAS and cetuximab/panitumumab/sotorasib
6. ALK-EML or ROS-1 and crizotinib/ceritinib/alectinib
7. BRAF V600E and vemurafenib/dabrafenib/encorafenib/trametinib
8. BRCA-1/2 and olaparib/veliparib/niraparib/rucaparib
9. PIK3CA and alpelisib
10. PD-L1 and pembrolizumab/nivolumab/atezolizumab
11. CD20 and rituximab/obinotuzumab
12. IDH1 and ivosidenib
13. IDH2 and enasidenib
14. FLT3 and midostaurin
15. MMR and dostarlimab-gxly
16. EZH2 and tazemetostat



Precision oncology is compelling

12Chabner, N Engl J Med 2011;364:1087-9



Changing regulatory landscape

13
Theoret et al, Clin Cancer Res 2015;21:4545-51; Lemery et al, N Engl J Med 2017; 377:1409-1412
https://www.fda.gov/ucm/groups/fdagov-public/@fdagov-drugs-gen/documents/document/ucm616325.pdf



A recent approval

Sotorasib in advanced NSCLC with the KRAS G12C mutation

14Skoulidis et al, N Engl J Med 2021;384:2371-81

N=126

57% in second or third line

ORR, 37%

Median PFS, 6.8 months

Median OS, 12.5 months



Approval* based on 
non-randomized evidence – 1
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*Whether accelerated or 
conventional

Sridhara et al, J Natl Cancer Inst 2010;102:230-43



Approval* based on 
non-randomized evidence – 2
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*Whether accelerated or 
conventional

Hatswell et al, BMJ Open 2016;6(6):e011666



Observation vs randomization

17
Henke et al, Lancet 2003;362:1255-60; Kopetz et al, J Clin Oncol 2009;27:1732-3;
Kris et al, JAMA 2014;311:1998-2006; Le Tourneau et al, Lancet Oncol 2015;16:1324-34



Why do we randomize?

• To control for selection bias in known and unknown 
prognostic factors

• To avoid the effects of stage migration and improved 
supportive care

• To have reliable conclusions about time-to-event endpoints

• To disentangle the prognostic and the predictive impact of 
molecular alterations 

• To validate predictive biomarkers

• To allow future validation of surrogate endpoints

• To allow more informative health economics
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Toxicity may be an issue

19Le Tourneau et al, Lancet Oncol 2015;16:1324-34; Kumar et al, Lancet Oncol 2020;21:1630-1642

SHIVA Trial

BELLINI Trial



If possible, randomize

20Saad et al, Nat Rev Clin Oncol 2017;14:317-23 



The usual arguments against

• The ethical

• It can go both ways

• The biological

• Beware the tautology

• N-of-1

• The practical

• Yes, but…
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Control arms

• Standard of care (SOC)

• Treatment of physician’s choice (TPC)

• Immediate vs. delayed administration (e.g., crossover)

• SOC + experimental

• TPC + experimental

• Single agent vs. combination

• Different doses 

• Different schedules

• Different durations (including randomized discontinuation)
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IMPACT2 Trial

23Tsimberidou et al, NPJ Precis Oncol 2021;5:21



Randomizing in expansion cohorts

24Coart and Saad, https://doi.org/10.1080/23808993.2021.1915693



Control arm for calibration

25Coart and Saad, https://doi.org/10.1080/23808993.2021.1915693



Big and real-world data

26https://blogs.bmj.com/bjsm/2021/05/27/hop-distance-the-elephant-in-the-room/



RCTs vs observational data

27Collins et al, N Engl J Med 2020;382:674-8; McGale et al, J Clin Oncol 2016;34:3355-7



When can we forgo randomization?

28Sharma and Schilsky, Nat Rev Clin Oncol 2012;9:208



Conclusion – 1

• We will continue do have RCTs:
• How about the next NTRK or KRAS G12C inhibitor?

• Don’t we have dozens of RCTs for anti-HER2, EGFR and ALK therapies?

• How about biomarker and surrogate validation?

• We will continue to rely on some evidence from non-
RCTs, but we need to consider:
• The magnitude of the unmet need

• The strength of the biological rationale

• The rarity of the indication

• The reliability of new methodology to minimize bias
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Conclusion – 2

• Questions for the near future:
• Is the seduction of improved technology sufficient to 

relinquish on methodology?

• Can we safely replace RCTs by synthetic controls, in-silico
trials, causal inference methods?

• Can we realistically and reliably develop criteria to forgo 
randomization?

• What is more acceptable: randomize early or late?

• Can we safely reverse the title of this talk?

“Precision Oncology and the Limits of Randomization”
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