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▪ Phase I trials becoming more complex

• Primary Objective(s):  identification of RP2D & schedule –
components going into making the right dose selection more complex

• Historically 1st cycle – defined MTD (RP2D)

• “Next Generation Agents:” Determining MTD with C1 is becoming 
obsolete

❑ Reason behind using 1st cycle DLTs was time 

❑ Ideal Scenario: assessing totality of data to justify RP2D

1st Cycle MTD Identification no Longer Sufficient



Therapeutic Window

With wider therapeutic window – “more” not necessarily be better



Basic Dose Escalation Concepts
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With many novel agents, additional data beyond safety are 

becoming important:

▪ Preclinical Data

▪ Efficacy Data

▪ Pharmacokinetics

▪ Pharmacodynamics

▪ Patient Reported Outcomes

Phase I (early Phase) Clinical Trials



Are we even getting the dose right 
in phase I?

• Significantly increased G3-4 

adverse events with small 

molecules vs monoclonal 

antibodies [40% vs. 27%; 

p=0.038] in phase III studies.

• 9% discontinuation rate

Roda et al, Clin. Cancer Res. 2016



45% of patients on small molecules required dose 
modifications due to drug-related toxicity in phase III trials

Important as combinations will be required for most small molecules to optimize efficacy

Higher incidence of G3–4 toxicity in phase III trials in combos versus single-agent small molecules (64% 
vs. 37%; p=0.001).

25% SM-MTA Phase I trials recommended Phase II dose below the MTD based on PK/PD data and had 
fewer dose modifications in subsequent Phase III registration trials (32% vs 50%; RR 0.64; 95% CI 0.43-0.88).

Roda et al, Clin. Cancer Res. 2016

48% Interruptions 41.2% Reductions





Risks of Clinically Significant Adverse Events 

Over Time on IO Therapy

Kanjanapan et al, Eur J Cancer 2019

352 trial enrollments:

▪ Odds Ratio of csAE within first 4 

weeks vs after 4 weeks = 3.13 (95% 

CI 1.95-5.02)

▪ The median time to first onset 

csAE was significantly shorter 

amongst patients receiving 

combination compared with 

single-agent IO (32 vs 146 days, P < 

0.0001)

▪ 5.7% of trial enrollments 

experienced delayed csAE (24 

events) that qualify for DLT outside 

of DLT window

csAE = treatment-related adverse event requiring corticosteroids, 

hormone replacement, IO delay or discontinuation. 



▪ Although many csAEs were delayed well beyond the DLT 

period (11-14w), it is important to collect and report delayed 

csAEs, as these may provide further refinement

▪ As most IO agents do not report a linear relationship between 

dose and toxicity, the RP2D for most IO agents relies on 

PK/PD and not DLTs

Conclusions



▪ What we want:

• minimize both under- and overdosing patients 

• maximize Patient Risk:Benefit

▪ Novel trial designs are overcoming some of the known 

deficiencies of Early Phase Clinical Trials

Phase I (Early Phase) Clinical Trials



• Phase I trials typically not hypothesis-driven, e.g., the primary 

objective is to evaluate safety and establish MTD/RP2D

• Statistical analysis typically descriptive, e.g., tabulate toxicity by 

grade and type

• Challenging and critical part lies in gathering additional data to 

justify RP2D

• The data collected must be “fit for purpose”

From Hypothesis to Statistical Analysis



Phase I Trial Designs

• Algorithm-based designs
• Example: 3+3 design

• Transparent, easy to implement, but poor performance

• Model-based designs
• Examples: Continual Reassessment Method (CRM), Escalation With Overdose Control (EWOC), 

Bayesian Logistic Regression Method (BLRM)

• Superior performance, but function as a “blackbox” and difficult to implement

• Model-Assisted Designs
• Examples: Bayesian Optimal Interval (BOIN), and keyboard design

• Transparent and easy to implement with superior performance

References: O'Quigley et al. 1990; Babb et al., 1998; Neuenschwander et al., 2008; Liu and Yuan, 2015; Yan, Mandrekar and Yuan, 2017  



Model-based/Model-Assisted vs. 

Rule-Based Phase I Oncology Trials: Duration

van Brummelen. et al. J Pharmacokinet Pharmacodyn43, 235–242 (2016) 

172 articles published over 2 years

Model-based trials:
•  needed 10 months less than rule-based trials (26 vs. 36 

months; p = 0.25)

• Fewer patients treated at dose-levels below the RP2D 

(31 % versus 40 %; p = 0.73)

• Safety preserved (13 % DLTs versus 14 % DLTs)



ARROW Trial:  Design

• Advanced MTC, 

NSCLC or other solid 

tumors

• 7 dose levels from 30-

600 mg (PO QD or BiD)

Phase 1, Dose Escalation
N=52, BOIN design

400 mg
QD

RET fusion NSCLC, prior platinum

N～80

RET fusion NSCLC, platinum naive

N～200

MTC, prior cabozantinib and/or vandetanib

N～65

MTC, no prior cabozantinib or vandetanib

N～40

Other RET fusion solid tumors

N～40

RET-altered solid tumors, prior selective RET 

TKI

N～20

Other RET-mutated solid tumors

N～20

Phase 2, Dose Expansion
N=465, ongoing

Group

1

2

3

4

5

6

7

Abbreviations: BOIN = Bayesian optimal interval; MTC = medullary thyroid cancer; NSCLC = non-small cell lung cancer; 
RET = rearranged during transfection; TKI = tyrosine kinase inhibitor; PO, orally; QD, once daily; BID, twice daily.



ARROW Trial: using BOIN

N=52

600mg

30mg

60mg

100mg

200mg

300mg

400mg

QD

RET-altered solid tumors, prior selective RET TKI N~20

BOIN design

• Advance MTC, NSCLC or 

other solid tumor

• 30-600mg(PO QD or BID)

• RET alteration required at 

doses>120mg QD

DLT:0/1

DLT:0/6

DLT:1/5

DLT:0/5

DLT:2/5

DLT:1/6

DLT:2/3

200mg

DLT:0/7

300mg

DLT:0/6

400mg

600mg

400mg

DLT:1/6

Subbiah, et al Nat Med. 2022 Aug;28(8):1640-1645.



Phase II Dose Expansion Cohorts



Accelerated Approval of Pralsetinib



What if 3+3 design was used?

600mg

30mg

60mg

100mg

200mg

300mg

400mg

QD

RET-altered solid tumors, prior selective RET TKI N~20

DLT:0/1

DLT:0/6

DLT:1/5

DLT:0/5

DLT:2/5

DLT:1/6

DLT:2/3

200mg

DLT:0/7

300mg

DLT:0/6

400mg

600mg

400mg
DLT:1/6

If 3+3 design was used

STOP

Select 200mg as the MTD, 

50% of the effective dose!

May lead to trial failure !!!



▪ Model Assisted/Based Designs: more flexible, nimble and 

accurate in identifying the RP2D

▪ Challenges:  

• More patients may be needed

• Most model designs still utilizing toxicity data from C1

• Collecting and incorporating PD and efficacy data

• Investigator mindset: rule-based →model-based designs

Phase I (Early Phase) Clinical Trials –
Opportunities & Challenges



Flexible Smart Model

Dose Level 1

Dose Level 2

Pt 2

Pt 2 Pt 3

Pt 1

Pt 1
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Cumulative 

Data



Flexible Smart Model

Safety PK/PD

Efficacy PROs



Flexible Smart Model

Collect 

Cumulative Data 

for RP2D 

Decision Making



• Primary Phase I Trial Objective(s): efficiently and accurately evaluate the safety 

profile of the drug at potentially therapeutic doses

• Model Based Designs: more flexible and accurate at identifying RP2D and can be 

as easy to implement as the 3+3 design 

• Don't always aim to cut the sample size. A reasonable sample size will save on 

patient numbers, cost, and time by substantially improving the trial's success rate.

• Challenge: incorporation of later cycle safety data, efficacy, pre-clinical, PD and 

“class effects” in identification of the RP2D

Conclusions
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▪ Dose optimization presents a high-dimensional challenge, 

encompassing diverse data and considerations. 

• “Relevant nonclinical and clinical data, as well as the dose- and 

exposure-response relationships for safety and efficacy should be 

evaluated to select a dosage(s) for clinical trial(s).” (FDA Guidance)

▪ I will focus on two key areas for trial design and decision-making:

• Risk-benefit tradeoff

• Tolerability (e.g., late-onset toxicity and low-grade toxicity)

Challenges of dose optimization



Target therapies demonstrate different 

dose-response relationships

T
o

x
ic

Efficacy 

Toxicity

Dose

MTD ≈ OBD

T
o

x
ic

Efficacy

Toxicity

Cytotoxic Chemotherapy

• Safety alone is not sufficient  to inform 
optimal RP2D (recommended phase 2 dose)

• MTD-based dose finding is often 

appropriate

Targeted Therapies

Narrow Therapeutic Index Wide Therapeutic Index

MTD: maximum tolerated dose.        OBD: optimal biological dose

OBD MTD



▪ To determine the optimal dose, it is imperative to consider both 

toxicity and efficacy

Consider both toxicity and efficacy

d1 d2 d3 d4 d5

Pr(toxicity) 0.08 0.12 0.3 0.45 0.55

Pr(efficacy) 0.30 0.50 0.51 0.51 0.52

MTD

Optimal biological dose (OBD)



▪ Toxicity and efficacy endpoints should be carefully chosen to 

reflect the risk and benefit

▪ Utility provides an intuitive approach to evaluating risk-benefit 

tradeoff (aka., desirability)

• Example:

Measuring risk-benefit tradeoff

Toxicity Response

No Yes

No 40 100

Yes 0 60



▪ Example (cont.)

Desirability of a dose

Toxicity Response

No Yes

No
40

Prob (occurrence) = 0.1

100

Prob (occurrence) = 0.4

Yes
0

Prob (occurrence) = 0.3

60

Prob (occurrence) = 0.2

Desirability =  100×0.4 + 40×0.1 + 60×0.2 + 0×0.3 = 56



▪ Revise the example: 

Pr(toxicity)  = (0.08, 0.12, 0.30, 0.45, 0.55)

Pr(efficacy) = (0.30, 0.50, 0.51, 0.51, 0.52)

Desirability = (54.8, 65.2, 58.6, 52.6, 49.2)

Use the utility to identify the OBD

MTD

Dose d = 2 is the OBD 



▪ Easy to understand: clinicians and patients understand clinical 

outcomes better than probabilities 

▪ Scalable: straightforward to account for low-grade toxicity and more 
endpoints (Liu et al., 2018).

Advantages of utility approach

Toxicity Response

No Yes

No 40 100

Low grade 20 70

DLT 0 50



Efficacy-integrated dose finding

Update the estimate of 

desirability for each dose 

based on interim data 

Treat the next cohort of 

patients at the 

recommended dose

Determine dose 

escalation/de-escalation 

based on the estimated 

desirability

Collect efficacy and 

toxicity data

Treat the first 

cohort at the 

starting dose

• Model-based approach

• Model-assisted approach



▪ Assume a statistical model describing dose-toxicity and dose-

efficacy relationships

• Often complicated

▪ Examples: EffTox (Thall and Cook, 2004), Late-onset EffTox

(Lo-EffTox, Jin et al., 2014)

▪ Pros: accounts for risk-benefit tradeoff, highly flexible

▪ Cons: complicated to implement, requires real-time model 

estimation, subject to the influence of model misspecification

Model-based approach



▪ Dose optimization trials based on the Lo-EffTox design (Jin et 

al., 2014)

Trial examples



Model-assisted approach

Compute the DLT rate 

at current dose j

Choose a dose from {𝒋 − 𝟏, 𝒋, 𝒋 + 𝟏} 
using the RDS table

Choose a dose from {𝒋 − 𝟏, 𝒋} 
using the RDS table

De-escalate the dose to 𝒋 − 𝟏 

Count the number of 

patients at dose j

≤ 𝟎. 𝟐𝟑𝟔 > 𝟎. 𝟑𝟓𝟖
Within (𝟎. 𝟐𝟑𝟔, 𝟎. 𝟑𝟓𝟖)

< 𝟔
≥ 𝟔

* RDS: rank-based desirability score, see next page

• An example: Decision tree of BOIN12 (Lin et al., 2020)



Desirability table



▪ BOIN12 (NCT04835519, NCT05032599)

• Phase I/II Study of Enhanced CD33 CAR T Cells in Subjects With Relapsed or 
Refractory Acute Myeloid Leukemia

• Donor-Derived CD5 CAR T Cells in Subjects With Relapsed or Refractory T-Cell 
Acute Lymphoblastic Leukemia

Trial examples



▪ Targeted therapies are often administered for long periods, leading to 

late-onset toxicities and persistent low-grade toxicities

▪ Key challenge: these toxicity events require long observation 

windows over multiple cycles, thus very limited data are available 

during the trial

Account for late-onset toxicity



▪ Time-to-event (TITE) designs (e.g., TITE-BOIN12, Lo-EffTox)

• Predict late-onset toxicity using a statistical method

▪ Two-stage approach

• After the dose escalation, add a second stage of assigning more 

patients to two candidate RP2D. This buys some time and 

enables the collection of more long-term safety data

▪ Seamless phase 1-2-3 designs

• Continue optimizing dose in phases 2 and 3

Some solutions for late-onset toxicity



Two-stage dose finding

TITE-BOIN12/

BOIN design

Randomize and select 

OBD based on utility

Adaptively drop futile or toxic 

doses based on BOP2 design

Interims

Identify

admissible 

doses*

*doses are safe with promising antitumor activities

BOP2: Bayesian optimal phase 2 design (Zhou et al., 2017)



Two-stage dose finding

Randomize and select 

OBD based on utility

Adaptively drop futile or toxic 

doses based on BOP2 design

Interims

Identify

admissible 

doses*

Backfill  

to speed up

TITE-BOIN12/

BOIN design

*doses are safe with promising antitumor activities

BOP2: Bayesian optimal phase 2 design (Zhou et al., 2017)



Backfill during dose escalation



▪ Yuan Y., Zhou H., Liu S. (2024) Statistical and practical 

considerations in planning and conduct of dose-optimization trials, 
Clinical Trials, https://doi.org/10.1177/17407745231207085

Reference

https://doi.org/10.1177/17407745231207085


Thank You!
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