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AGENDA
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BACKGROUND &

OBJECTIVE
• Why is there growing interest in sequential models? 

SEQUENTIAL 

MODELS
• What are sequential models and how are they currently used?

STRATEGIC 

CONSIDERATIONS
• When sequential models should be considered? 

TECHNICAL 

CONSIDERATIONS
• What model structures can be considered? 

OTHER 

CONSIDERATIONS
• Interpretation of results, validation



BACKGROUND

Sequential Models Are Increasingly Being Considered Across Various Therapeutic Areas
• Multiple disease areas are getting very crowded with numerous therapies

• Decisions are required about optimal sequencing of therapies for multiple stakeholders

• Computational capacity has grown

• Data is more readily available… 

Source: Dimopoulos 2021

MULTIPLE MYELOMA GUIDELINES MULTIPLE OPTIONS FOR TX SEQUENCES 
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OBJECTIVES OF TODAY’s TALK

Present circumstances when consider and develop sequential models for various stakeholders and discuss best practices  

Illustrated with multiple recent applications
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Understand the 
circumstances under 
which sequential 
models can be helpful 
in decision-making

Review methods for 
executing sequential 
models – including 
model structure and 
data analyses

Understand other 
challenges with 
establishing empirical 
and predictive validity 
and results 
interpretation of 
sequential models

CONSIDERATIONS FOR DEVELOPING SEQUENTIAL MODEL

S
T

R
A

T
E

G
IC

T
E

C
H

N
IC

A
L

O
T

H
E

R



WHAT ARE SEQUENTIAL MODELS?
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Compares among treatment sequences (not a particular drug) 1

Tracks outcomes on each line of treatment individually and cumulatively2

Tracks patterns of clinical progression along the treatment pathway3

Incorporates impact of prior therapy and 

possibly other factors
4 MULTIPLE MYELOMA

Source: Medical Professionals Cancer. Mayo Clinic 2021.



ILLUSTRATIONS
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DECISION PROBLEMS
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GOAL

• Minimize budget per patient

• Coverage/access to various 

treatment regimens

• Optimize lifetime patient 

outcomes

• Identify treatment selection 

drivers

• Optimize lifetime patient 

outcomes

• Maximize revenue generation

• Achieve regulatory and market 

access success

• Establish clinically effective 

treatment pathway / optimizing 

lifetime patient outcomes

• Understand value of therapy

ANALYSIS TO 

SUPPORT

• Budget impact analyses

• Cost-effectiveness analyses

• Disease and treatment 

modeling

• Disease and treatment 

modeling

• Disease and treatment 

modeling

• Revenue optimization

• Strategic decision making

Can apply to any disease area with several therapy options: oncology, immunology, mental health/neurology, infectious diseases, cardiovascular disease

SEQUENCING MODEL

For Payers For Clinicians For Company



STRATEGIC CONSIDERATIONS

Is a decision node based on patient outcomes introduced to guide treatment strategy?
New decision node in 
treatment strategy ? 

• E.g. in cancer a maintenance therapy option enters a space with previously no maintenance option

• If YES - sequence is disrupted – it is a truly sequential problem and may require a sequential model

Is there a need to capture efficacy of subsequent therapy explicitly?
Disruptive subsequent 

therapy?

• E.g. in cancer area a specific later line of therapy becomes available that extends survival - however, is not captured in trial

• If YES - new efficacious treatment would need to be modelled and may require a sequential model

Is there uncertainty about the best sequence?   Pathway Uncertain

• E.g. there are large number of therapies with different mechanism of action & licenced in multiple lines

• If YES – there may be an interest in developing a sequential model 

Is there data about overall benefit / cost of treating patients 
No Data on Overall Sequence 

Benefit/Cost 

• E.g. in ulcerative colitis only 1-2 year-long trial is available, no good understanding of overall cost of treating patients with 
multiple lines of therapy

• If NO – there may be an interest in developing a sequential model

Is a country/HTA recommended pathway different that clinical trial’s enrolment/ disposition?
Pathway Different in 

Guideline vs Trial

• E.g. A country may primarily use Tx A followed by B and C. However, clinical trial of Z included patients with a different prior
treatment mix and subsequent treatments.

• If YES – there maybe interest in developing a sequential model
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TECHNICAL CONSIDERATIONS
Model Structure
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DECISION TREE

Milev 2019: Ulcerative Colitis

MARKOV COHORT MODEL

Bloudek 2021: Ulcerative Colitis

MARKOV PATIENT LEVEL MODEL

Stern 2017: Ulcerative Colitis
DISCRETE EVENT SIMULATION

Pan 2018: Prostate Cancer 

Model structure can vary in complexity, even within the same disease area.

Regardless of the structure, the key challenge is to capture the impact of prior history on the subsequent lines of therapy



TECHNICAL CONSIDERATIONS
‘Data Stitching’
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Just focus on treatment-specific outcomes, for each line, to parametrise the sequential model  
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• Line specific data often available across comparators from literature

• Easy to implement and communicate 

• Easy to adapt

Data 

Implementation

• Impact of earlier lines outcomes on later lines not captured

• Available data not reflective of modeling needs

• May result in counterintuitive results due to misalignment in 

populations 

Attention!

Source: Diaby 2016



TECHNICAL CONSIDERATIONS
‘Data Stitching’ Stratified by Prior History
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Use treatment-specific outcomes stratified by prior exposure, to parametrise the sequential model  
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• Captures the impact of treatment exposure on subsequent 

treatments

• Impact of earlier lines outcomes on later lines is captured

Data

Implementation

Use biologic-naïve 

clinical outcomes

Use biologic-exposed clinical 

outcomes

• May be difficult to get data for all type of prior treatment 

classes across all comparators

Attention!

Source: Bloudek 2021



TECHNICAL CONSIDERATIONS
Multivariate Risk Equations
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Use multivariate risk equations to capture impact of patient characteristics, 

index treatment, prior treatment history, and prior outcomes on clinical outcomes
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Patient characteristics

Index treatment

Prior treatment history

Prior outcomes

• Detailed longitudinal data required that captures the impact 

of multiple factors: patient & disease characteristics, prior 

treatments, relationships between disease milestones

• Only published data for comparators may be limiting

• Requires implementation of patient-level simulation to 

capture heterogeneity

• Experienced statistical team to generate risk equations

Data

Implementation

• Data availability, especially for comparators

• Complex statistical analyses and validation

• Complex model development and validation

Attention!

Source: Tarhini 2018



OTHER CONSIDERATIONS

RESULTS PRESENTATION

Results can be difficult to present, especially for value 

differentiators, with a large number of sequences

…a project on its own for sequence models and can 

be challenging 

Understanding and interpreting results may be more 

involved due to richness of analyses

VALIDATION

TIMELINE & BUDGETRESULTS INTERPRETATION

Longer and likely more expensive project 

Source: Tarhini 2018Source: Ghabri 2020
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SHOULD I CONSIDER A 

SEQUENTIAL MODEL?

CONCLUSIONS

SEQUENTIAL MODEL TO BE CONSIDERED

SEQUENTIAL MODEL MAY NOT PROVE VALUABLE

Decision 

Problem

Busy treatment landscape with 

treatments with different 

mechanism of action allowing 

many choices

Strategic 

Consider

ations

Unclear strategy, with significant 

questions about positioning

Little uncertainty about best 

sequence, not many treatment 

classes

Clear strategy and positioning 

Decision 

Problem

Strategic 

Consider

ations

DO I HAVE ENOUGH

BUILDING BLOCKS?

Data

Enough data to model: RCTs from a 

therapy portfolio or large EMR data 

on many active therapies but with 

remaining questions

Statistical 

analysis

Dependencies between disease 

milestones across the treatment 

pathway can be properly established

Data

Available data (trials, RWE) not 

enough to capture impact of 

treatment choices across key lines of 

therapy

Statistical 

analysis

Dependencies between disease 

milestones across lines of therapy 

cannot be established

GO – NO GO ?

Timelines

Budget



CONCLUSIONS

Strategic Considerations

Decision Problem

Data For Treatment & Comparators 

EXECUTION
Similar to any other modeling project: solid conceptualization, implementation, statistical 

analysis, and validation is a very large part of the project

WHERE TO START ? Key to start with a feasibility assessment before diving into a sequencing model development

FEASIBILITY 

ASSESSMENT

GO-NO GO DECISION
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THANK YOU!
Further the Conversation, 

Visit Us at 

BOOTH X3-201


