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Case Presentation: Treatment-Related Death 

• 80 y/o F
• MET altered, PD-L1 +, stage IV 

NSCLC 
• Prior Tx: pembrolizumab; 

crizotinib 
• ECOG PS 0, Intact organ function 
• Began MET-targeted Phase 1 

Completed 4 cycles of treatment  
with radiographic response  

Progressive SOB/DOE through cycle 4  acute hypoxemic
 respiratory failure  intubation  DEATH 



Multi-faceted Aspect of Safety on Clinical Trials 
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The Patient Safety Experience 

Patients must…

• be informed of risks
• updated with changes to risk 
• receive in lay language written 

at 8th grade reading level
• have the ability to review 

without coercion  
• be monitored per protocol for 

any toxicity  

Example of NIVO risk (Page 1 of 4!)



The PI Safety Experience: Defining, Grading, and 
Attributing…  

Bloating

“My stomach hurts” 

“An Elephant is Sitting on my Chest” 

ALOPECIA

“I feel so much better”

Nausea GERD

Dry Heaves

“It only lasts a few days”

“Hi, Dr. Harding, I’m the intern on GI A
we admitted Mrs. X last night for 
periorbital cellulitis.”

“WORST pain of my life”

Hgb = 7.0 

The PI and study team must take a qualitative experience and quantify it to define toxicity 



Harmonization of Adverse Events

The NCI’s Common Terminology Criteria for Adverse Events (CTCAE) is a descriptive terminology 
which can be used for Adverse Event (AE) reporting. 



What is an Adverse Event?

• An adverse event is any 
undesirable event that occurs 
during a clinical trial and it does 
not necessarily need to be related 
to the investigational 
drug/treatment. 

• Name of the Event, Grade, 
Relationship, and start Date 

 



Grade (Severity) of an Adverse Event?



Other grading systems for AEs?

Unique criteria may need to be developed based on the MoA of drug



Is the AE related to the drug or not?
Knowledge of the preclinical MoA/toxicology is required  

Nature Reviews Drug Development 2020



Consult your Investigator’s Brochure (IB)…

…and the protocol, your co-PI, the study sponsor! When in doubt err on the side of related until more data are available



What is a Serious Adverse Event (SAE) and 
what is PI regulatory responsibility ?

SAEs are:    
• Death (grade 5) 
• Life threatening Adverse Event 
• An AE that results in inpatient 

hospitalization or prolongation of 
hospitalization 

• A persistent or significant incapacity 
or substantial disruption 

• A congenital anomaly/birth defect 
• Important Medical Event as per the 

PI.
• Anything that the protocol mandates 

is an SAE!!

Several people/groups may need to be 
notified of an SAE including: 
• Principal Investigator (PI) 
• MSK IRB 
• Data Safety Monitoring Board
• Study Sponsor 
• Drug Supplier/funder 
• Food and Drug Administration (FDA) 
• National Cancer Institute (NCI) 

Review the protocol for specifics 



Expected or Unexpected:  A regulatory definition

Expected: 
Any experience previously reported (in nature, severity, or incidence) 
in the current Investigator’s  Brochure or general investigational plan 

Unexpected:* 
Any experience not previously reported (in nature,  severity, or 
incidence) in the current Investigator’s Brochure or general 
investigational plan 

*An unexpected AE that is related and serious may require additional reporting to the local IRB or other 
regulatory   



Timeframe for SAE reporting 

5 daysMSK HRPP

Sponsor 1 day
The following SAEs must be reported to the MSK HRPP 
within 5 calendar days* of the event: 

• For MSK-held IND/IDE protocols: All SAEs 
• Unexpected and related (possible, probable, or definite 
attribution) SAEs 
• Grade 5 (fatal) SAEs 
• Single Patient Use (SPU) SAEs 

*If event occurs outside of MSK, report within 5 calendar days 
of learning of the event 

All other SAEs must be filed in the regulatory binder within 30 
calendar days* of the event. 

*If event occurs outside of MSK, report within 30 calendar days 
of learning of the event 

Variable Time Frame
Different Forms
An email to the medical monitor is 
not adequate   

NCI 24 hours

Additional CTEP-AERS reporting
CTEP-AERS training

7 to 15 daysFDA

Will be filed by IND office 



What about when the SAEs are occurring at 
another site?

• Enrolled 296 patients, 8+ expansion cohorts



The Study Sponsor 

• Establishes prospective, encrypted, database for all AEs, regardless of attribution (i.e.  Medidata, 
Rave, CRDB).

• Monitors all aspects of study safety at set intervals

• Reviews all safety reports at set intervals 

• Provides safety reports to DSMB at set intervals

• Updates protocol and informed consents

• Provides correspondences to the study PIs detailing AEs/SAE and plan to modify the protocol 
for safety



Example of Sponsor Study Correspondence 



The PI is responsible for notifying the IRB, 
updating protocol, notify patients, etc.



Unanticipated Problems

Any incident, experience, or outcome that meets all of the following:

• Unanticipated (in terms of nature, severity, or frequency) given (a) the research procedures 
described in the protocol-related documents and (b) the characteristics of the subject population 
being studied; 

     and

• Related or possibly related to participation in the research (i.e., reasonable probability that the 
incident, experience or outcome may have been caused by procedures involved in the research); 
and

• Suggests that the research places participants or others at a greater risk of harm than was previously 
known or recognized.

IRBPB SOP RR 409:
Unanticipated Problems involving Risk to Participants or Others



Defining Safety: Overview of Drug Development

% change of continuing
# drugs needed for 1 launch

Cost for 1 launch
% of total cost per launch

Cost for 1 launch
(capitalized)

Adapted from Paul et al.  MARCH 2010 | VOLUME 9            www.nature.com/reviews/drugdisc

• Only 50% of drugs make it out of Phase I
• Phase I cost per successful drug launch similar to 

Phase II/III costs



Phase I Objectives
• Primary: To determine the MTD 

(dose and schedule) of the 
investigation agent or novel drug 
combination

• Secondary:
• PK/PD
• Response Rate
• Biomarker analysis
• Other (food effects, QT effects)

JULY 2010 | VOLUME 10 | PAGE 514                                       www.nature.com/reviews/cancer



AEs in the Context of Phase 1

Harding et al. NEJM 2012;  Callahan et al. NEJM  2012; Harding et al.  JCO 2014 ;  Abdel Wahab et al. Cancer Discovery 2014; Mondaca…Harding. Cancer 2020; Francis, Harding JAMA Ophthalmology 2021  

Anti-CTLA-4 + BRAFi Dermatologic AEs

Radiosensitization with RAFi + RT

RAFi leads to proliferation of RAS mutant 
cells   

Drug Induced Liver Injury on 
Modern Phase 1 Studies 

FGFR associated retinopathy 



Dose Escalation Objectives

• Competing objectives - treat fewest # pts at:
• Ineffective doses (<< MTD)
• Toxic doses (> MTD)

• Other considerations (“efficiency”):
• Overall number of patients
• Overall speed of escalation
• Accuracy of MTD estimation



Dose Escalation Methods
• Rule-Based Designs

• Does not make assumptions about dose-toxicity curve
• Traditional “3+3”
• Accelerated Titration (AT)
• Pharmacologically Guided

• Model-Based Designs
• Modified Continual Reassessment Method (mCRM)



“3+3” Design
• 3 pts enrolled in each dose:

• 0/3 DLTs -> escalate dose
• 1/3 DLTs -> expand to 6 pts:

• 1/6 DLTs -> escalate dose
• 2/6 DLTs -> MTD reached
• ≥3/6 DLTs -> de-escalate dose

• ≥2/3 DLTs -> de-escalate dose

• Dose escalation follows modified Fibonacci sequence (100%, 
67%, 50%, 40%, and 35%…)

• Intermediate dose levels sometimes added

JNCI Vol. 101, Issue 10, May 20, 2009



3+3 Design

• Advantages:
• Safe
• Easy to implement (and understand)
• Multiple patients at each dose level (aids PK)

• Disadvantages:
• Large number of dose levels (≥6) & patients
• Few patients treated at MTD
• Small number of DLTs define MTD (error-prone)



Accelerated Titration (AT) Design
• Single patient cohorts
• Larger dose escalations
• Sometimes allows for 

intrapatient dose 
escalation

• Often reverts to “3+3” 
once a DLT is observed

1

JNCI Vol. 101, Issue 10, May 20, 2009



Accelerated Titration (AT) Design

• Advantages:
• More rapid dose escalation
• Exposes greater % of pts to higher doses

• Disadvantages:
• Intrapatient dose escalation may be complicated by cumulative toxicity
• Relies on a small number of DLTs to define MTD (error prone)



Pharmacologically Guided
• Provides insight into dose and schedule
• Not widely used in clinical practice:

• Logistic difficulties
• Inter-patient PK variability

• Without real-time PK, you miss this:

Auto-induction
of metabolism

J Clin Oncol. 2012 Jul 1;30(19):2348-53



Continual Reassessment Method (CRM)
• Models dose-toxicity relationship (Bayesian model)
• Predicts probability of a DLT at each dose level
• Dose-toxicity relationship remodeled based on 

observed DLTs
• “Desired” DLT rate set (typically MTD = 25%)
• Modified CRM (mCRM):

• Start at lowest dose
• Escalate only one dose level at a time
• Prevent escalation if last patient had DLT
• (3 patient per dose level)



CRM Dose-Toxicity Curve
• Phase I of bryostatin-1 and GM-CSF in poor risk AML:

Leukemia Research, Vol 35, Issue 1, Jan 2011, Pages 87-94



mCRM
• Advantages:

• More rapid dose escalation
• Fewer patients required
• Uses all DLTs to model MTD
• More robust to errors in DLT 

classification
• Disadvantages:

• Requires starting dose/tox 
assumptions

• Difficult to implement (real-time 
stats support, software)

• Can result in counter-intuitive 
recommendations

JNCI Vol. 101, Issue 10, May 20, 2009



Adoption of AT/CRM Designs
• Not widely used
• Novartis has 

adopted for all 
Phase I/IB’s

• More to come?

JNCI Vol. 101, Issue 10, May 20, 2009



DLTs on Phase I Studies

Hyman et al, JCO 2017
15-25% overall DLT rate



Selecting Phase I Patients
• Typical Criteria:

• Heme: ANC > 1500, Hg 8-10, platelets > 100-150
• Renal: Creatinine > 1.5 ULN or > 60 ml/min
• Hepatic: AST <ULN-3xULN & T.B. <ULN-1.5xULN
• ECOG 0-2
• 4 week “washout”
• Additional based on preclinical or class tox

• Outcome:*
• Exclude 30% potential patients
• 16.5% die within 90-days, 15% discontinue within 21-days

Can we do better?

*Olmos D, J Clin Oncol. 2012 Mar 20;30(9):996-1004.



DLT Prediction Nomogram

C-index = 0.61 (CTEP/derivation set), 0.64 (MSKCC/validation set) Hyman et al, JCO (in press)

Risk of
serious drug-
related toxicity 



Hyman et al, JCO (in press)



Are we finding the right dose?

• MTD in first-in-human Phase I 175mg daily
• FDA approved for metastatic medullary thyroid cancer 

(MTC) at 140mg daily
• Phase III RCT trial in MTC (cabo vs placebo):

• 330 patients
• Dose reduction: 79% vs 9%
• Median dose delays: 1 vs 0
• Tox leading to rx discontinuation: 16% vs 8%



Chronic Toxicity
• MTD does not use Cycle 2+ toxicity
• Targeted agents administered chronically 

Time to Worst Grade Toxicity Time to 1st Grade 3/4 Toxicity

Postel-Vinay, JCO Vol 29, Num 13, may 1 2011



Chronic Toxicity
• Treatment interruption / dose-reductions continue 

after cycle 1:

Postel-Vinay, JCO Vol 29, Num 13, may 1 2011



• Haanen et al. Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of Oncology 
28 (Supplement 4): iv119–iv142, 2017 



Is there a better way?

Postel-Vinay, JCO Vol 29, Num 13, may 1 2011

Concept: Define both Acute MTD and Chronic MTD for each chronically dosed agent



Conclusions 

• ‘Safety’ has multiple components in drug development

• The patient is primary focus!  BUT as PI you will interface with 
multiple entities whereby safety becomes a regulatory and protocol 
definition

• Always Consult the protocol and Sponsor 

• Phase 1 help to define saftey.


	Patient Safety 
	Case Presentation: Treatment-Related Death 
	Multi-faceted Aspect of Safety on Clinical Trials 
	The Patient Safety Experience 
	The PI Safety Experience: Defining, Grading, and Attributing…  
	Harmonization of Adverse Events
	What is an Adverse Event?
	Grade (Severity) of an Adverse Event?
	Other grading systems for AEs?
	Is the AE related to the drug or not?
	Consult your Investigator’s Brochure (IB)…
	What is a Serious Adverse Event (SAE) and what is PI regulatory responsibility ?
	Expected or Unexpected:  A regulatory definition
	Timeframe for SAE reporting 
	What about when the SAEs are occurring at another site?
	The Study Sponsor 
	Example of Sponsor Study Correspondence 
	The PI is responsible for notifying the IRB, updating protocol, notify patients, etc.
	Unanticipated Problems
	Defining Safety: Overview of Drug Development
	Phase I Objectives
	AEs in the Context of Phase 1
	Dose Escalation Objectives
	Dose Escalation Methods
	“3+3” Design
	3+3 Design
	Accelerated Titration (AT) Design
	Accelerated Titration (AT) Design
	Pharmacologically Guided
	Continual Reassessment Method (CRM)
	CRM Dose-Toxicity Curve
	mCRM
	Adoption of AT/CRM Designs
	DLTs on Phase I Studies
	Selecting Phase I Patients
	DLT Prediction Nomogram
	Slide Number 37
	Are we finding the right dose?
	Chronic Toxicity
	Chronic Toxicity
	Slide Number 41
	Is there a better way?
	Conclusions 

