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BATCHED BANDITS



Thompson (1933)

Information, is useful so we would like to collect it as 
often as possible. Ideally, after each observation 
This is the idea behind multi-armed bandits
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Cumulative regret
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Explore-then-commit policy

Choose alternatively each treatment until

Then choose best treatment for remaining patients.

Perchet, R ’13 
Vogel,‘60
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A bs tr ac t

Background
The immune checkpoint inhibitor ipilimumab is the standard-of-care treatment for 
patients with advanced melanoma. Pembrolizumab inhibits the programmed cell 
death 1 (PD-1) immune checkpoint and has antitumor activity in patients with ad-
vanced melanoma.

Methods
In this randomized, controlled, phase 3 study, we assigned 834 patients with ad-
vanced melanoma in a 1:1:1 ratio to receive pembrolizumab (at a dose of 10 mg per 
kilogram of body weight) every 2 weeks or every 3 weeks or four doses of ipilim-
umab (at 3 mg per kilogram) every 3 weeks. Primary end points were progression-
free and overall survival.

Results
The estimated 6-month progression-free-survival rates were 47.3% for pembrolizumab 
every 2 weeks, 46.4% for pembrolizumab every 3 weeks, and 26.5% for ipilimumab 
(hazard ratio for disease progression, 0.58; P<0.001 for both pembrolizumab regi-
mens versus ipilimumab; 95% confidence intervals [CIs], 0.46 to 0.72 and 0.47 to 
0.72, respectively). Estimated 12-month survival rates were 74.1%, 68.4%, and 
58.2%, respectively (hazard ratio for death for pembrolizumab every 2 weeks, 0.63; 
95% CI, 0.47 to 0.83; P = 0.0005; hazard ratio for pembrolizumab every 3 weeks, 
0.69; 95% CI, 0.52 to 0.90; P = 0.0036). The response rate was improved with pem-
brolizumab administered every 2 weeks (33.7%) and every 3 weeks (32.9%), as 
compared with ipilimumab (11.9%) (P<0.001 for both comparisons). Responses 
were ongoing in 89.4%, 96.7%, and 87.9% of patients, respectively, after a median 
follow-up of 7.9 months. Efficacy was similar in the two pembrolizumab groups. 
Rates of treatment-related adverse events of grade 3 to 5 severity were lower in the 
pembrolizumab groups (13.3% and 10.1%) than in the ipilimumab group (19.9%).

Conclusions
The anti–PD-1 antibody pembrolizumab prolonged progression-free survival and over-
all survival and had less high-grade toxicity than did ipilimumab in patients with 
advanced melanoma. (Funded by Merck Sharp & Dohme; KEYNOTE-006 ClinicalTrials 
.gov number, NCT01866319.)
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834 patients  
x 6 months  
= 417 years!! 



Clinical trials

Source: neurosciences.ucsd.edu

http://neurosciences.ucsd.edu


Questions: 
Phase/batch size? 
# of batches? 
Ethical trials (regret)? 



Batched bandits

Same problem as before, excepts that we 
proceed in batches

patients
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A generic explore-then-commit policy

patients

?
Go for broke!
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Minimax optimal (up to logs)

For                         , recovers 
optimal worst case bound 
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