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LACK OF DOSE

OPTIMIZATION

RESULTS IN

UNNECESSARY

MEDICAL AND

FINANCIAL

TOXICITIES



4

Lack of dose optimization of ibrutinib results in avoidable 

treatment interruptions and reduced efficacy

Barr, Blood, 2017

“Seventy-nine patients had 

dose holds for adverse events 

(AEs), 73 (92%) of whom 

restarted therapy at 420 mg 

consistent with United States 

Prescribing Information and 

European Union labels; 5 

patients restarted at a lower 

dose, and 1 did not restart 

therapy prior to data cutoff.”



Historical  Oncology Drug Dosing Paradigm

(Based on the Inaccurate Assumption that More is Better)

1. Determine the maximal acceptable starting dose for a 

population of patients.

2. Reduce doses in individual patients based on adverse 

events.

3. Optimize “dose-intensity”, rather than therapeutic 

index, or even efficacy.

• If efficacy is impacted by dose interruptions for adverse 

events, then “less is more.”
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https://www.macmillandictionary.com/us/dictionary/american/precision_2



Precision
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November 30, 2018



Precision ≠ Accuracy
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December 11, 2020



From 2015 label
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/020896s037lbl.pdf

Precise – but not Accurate



Accurate – but not Precise
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From current label, revised December 2022
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020896s044s045s046s047s048s049s050s051lbl.pdf



Potential Benefits of Using an Accurate Lower Dose

• Reduction in the frequency and/or severity of adverse 

events

• Improvement in efficacy

– Reduced treatment interruption for adverse events

– Better patient adherence

• Reduction in costs

– Indirect cost of adverse events

– Direct cost of drugs (in post-marketing setting only)
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8 months later



From ICH E4, 1994
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Fig 1. Time to tumor progression for renal cell carcinoma patients in the 25-, 75-, and 250-mg CCI-779 dose groups. mos, months.

Atkins, JCO, 2004



Motzer, JCO, 2015

Nivolumab for metastatic 

renal cell carcinoma: results 

of a randomized phase II trial

Flat dose-response over range 

of 0.3-10 mg/kg q3w



FIG 2. (A) OS graph. The P value shown is from the log-rank test. 

Patil, JCO, 2022

Low-dose (20 mg q3w) nivolumab for 

advanced head and neck cancer,  

combination with chemotherapy (TMC)

Original sample size 184 patients; 

study stopped early based on interim 

analysis.

No difference in grade 3-4 adverse 

events (50%, TMC; 46% TMC-I)
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p. 4 of 2014 Office of Clinical Pharmacology Pharmacometric Memo



Redefining the Phase 1-2 Strategy

1. Primary objective of “phase 1” is to determine a range of doses 

for a randomized dose-ranging “phase 2” study.

2. Upper bound constrained by toxicity.

3. Lower bound ideally identified based on tumor-related 

biomarkers (e.g., radiographic size, ctDNA, serum 

biomarkers).

4. Optimal dose based on global assessment of dose/exposure-

efficacy/toxicity relationships in randomized dose-ranging 

studies, with a focus on accuracy rather than precision.
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Strohbehn, JCO, 2023

van Ommen-Nijhof, Ann Oncol, 2021





Summary

1. Toxicity-based dosing regimens are inappropriate for most 

modern oncology drugs.

2. Precise dosing of most oncology drugs is unimportant.

3. Randomized dose-ranging trials with reproducible biomarker 

endpoints (e.g., tumor size) are required to determine the 

optimal dose.

4. Post-marketing dose optimization studies could be funded by 

payers, since such trials have no (or even a negative) net cost.
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