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The ISoP QSP  I-O Special Interest Working Group
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Members (at the time of the 
survey):

• Fei Hua (Applied Biomath) 
-- past chair

• Dean Bottino (Takeda) –
past chair

• Brian Smith (BMS)
• Vincent Lemaire (Genentech)
• David Bassen (Applied 

Biomath)
• Mike Reed (Rosa)
• Roy Song (GSK)
• Samira Khalili (Takeda) –

current chair
• Kayla Lien (Genentech)
• Lu Huang (BMS) 
• Aman Singh (Takeda)
• Spyros Stamatelos (Bayer)

Mission:

• Focus on maximizing impact of QSP 
in I-O Drug discovery, development, 
and use in patients. 

• Exchange of ideas and pre-
competitive knowledges among 
different companies, academia and 
clinicians to improve I-O QSP model 
development.

• Promote mechanistic modeling in I-
O and dissemination of modeling in 
cross-disciplinary forums (in 
particular for non-modeling 
scientists and decision makers in 
immuno-oncology).  

• Provide expert feedback and 
guidance for the modeling 
community in I-O.

• Ignacio Troconiz (U. de 
Navarra) – current 
chair

• Michael Zager (Pfizer)
• Loveleena Bansal (GSK)
• Andrew Stein (Novartis)
• Yougan Cheng (BMS)
• Jane Bai (FDA) 
• Wenlian Qiao (Pfizer) 
• John Tolsma (RES)
• Andrzej Kiersek (Certara)
• Lei Sun (Alkermes)
• Paolo Vicini (Kymab)



Immune system and cancer
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Image from following paper: Oiseth SJ, Aziz MS. Cancer 

immunotherapy: a brief review of the history, possibilities, and 
challenges ahead. J Cancer Metastasis Treat 2017;3:250-61. 

http://dx.doi.org/10.20517/2394-4722.2017.41



Immuno-oncology has experienced unprecedent 

diversity, scale, and complexity
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https://www.mckinsey.com/industries/life-sciences/our-insights/delivering-
innovation-2020-oncology-market-outlook

PD-(L)1 and CTLA-4 clinical activity

Franklin MR, Platero S, Saini KS, et al Immuno-oncology trends: preclinical models, biomarkers, and clinical 
development. Journal for ImmunoTherapy of Cancer 2022;10:e003231. doi: 10.1136/jitc-2021-003231

Classification of immuno-oncology agents



Range of ODE models in drug R & D
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Empirical PK/PD
• Try to find a 

minimal model to 
describe the 
observed data

Mechanistic PK/PD
• Integrate the 

pharmacology of the 
drug, e.g. binding to 
targets

Quantitative Systems 
Pharmacology (QSP)
• Describe disease 

biology
• Describe downstream 

effects after drug 
engagement

Knowledge captured ↑ Model complexity ↑Model identifiability↓
Interpolation Extrapolation



Anatomy of IO QSP Model
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The survey
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The survey form was live for 4 months in Feb-June 2021 The goal of the survey was to 
• Evaluate the current impact of QSP in immuno-

oncology 

• Identify areas of strength and areas that would 
need improvement

• Get a sense for where the field may be going in the 
future.

16 questions in 5 categories:
1. Background 

2. Current use and impact of QSP in I-O

3. Current challenges of QSP in I-O 

4. Future directions of QSP in I-O

5. Additional thoughts



Survey respondents demographics
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134 respondents from industry and academia



Survey respondents roles
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Applications of QSP in I-O



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗸𝗲𝘆 𝗜-𝗢𝗾𝘂𝗲𝘀𝘁𝗶𝗼𝗻𝘀 𝘁𝗵𝗮𝘁 𝗤𝗦𝗣 has already 

facilitated 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗽𝗿𝗼𝗴𝗿𝗮𝗺𝘀? 
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𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗸𝗲𝘆 𝗜-𝗢𝗾𝘂𝗲𝘀𝘁𝗶𝗼𝗻𝘀 𝘁𝗵𝗮𝘁 𝗤𝗦𝗣 has already 

facilitated 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗽𝗿𝗼𝗴𝗿𝗮𝗺𝘀? 
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Top areas:

1. Dosing/scheduling

2. Combinations



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗸𝗲𝘆 𝗜-𝗢𝗾𝘂𝗲𝘀𝘁𝗶𝗼𝗻𝘀 𝘁𝗵𝗮𝘁 𝗤𝗦𝗣 has already 

facilitated 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗽𝗿𝗼𝗴𝗿𝗮𝗺𝘀? 
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Top areas:

1. Dosing/scheduling1

2. Combinations2

1 Hosseini I., at al., 2020., NPJ Syst Biol Appl 6, 28.
2 Kosinsky Y., et al., 2018. J Immunother Cancer 6, 17

Top perceived applications 
correlate well with the 
frequency of publications 
in these domains



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗸𝗲𝘆 𝗜-𝗢𝗾𝘂𝗲𝘀𝘁𝗶𝗼𝗻𝘀 𝘁𝗵𝗮𝘁 𝗤𝗦𝗣 has already 

facilitated 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗽𝗿𝗼𝗴𝗿𝗮𝗺𝘀? 
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bottom areas:

1. Portfolio prioritization

2. Not these questions

3. Candidate selection

4. Reverse translation

5. Target validation



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗸𝗲𝘆 𝗜-𝗢𝗾𝘂𝗲𝘀𝘁𝗶𝗼𝗻𝘀 𝘁𝗵𝗮𝘁 𝗤𝗦𝗣 has already 

facilitated 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗽𝗿𝗼𝗴𝗿𝗮𝗺𝘀? 
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bottom areas:

1. Portfolio prioritization

2. Not these questions

3. Candidate selection

4. Reverse translation

5. Target validation

Candidate selection & Target 
validation: Early development

Reverse translation: New area

Portfolio prioritization: Strategic 
decision based on multiple inputs



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗸𝗲𝘆 𝗜-𝗢𝗾𝘂𝗲𝘀𝘁𝗶𝗼𝗻𝘀 𝘁𝗵𝗮𝘁 𝗤𝗦𝗣 has already 

facilitated 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗽𝗿𝗼𝗴𝗿𝗮𝗺𝘀? 
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Most conflicting areas:

1. Biomarkers



Perceived impacts of QSP in I-O



𝗪𝗵𝗮𝘁 𝗵𝗮𝘃𝗲 𝗯𝗲𝗲𝗻 𝘁𝗵𝗲 𝗰𝗼𝗻𝘁𝗿𝗶𝗯𝘂𝘁𝗶𝗼𝗻𝘀 𝗼𝗳 𝗤𝗦𝗣 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗜-𝗢
𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 

19



𝗪𝗵𝗮𝘁 𝗵𝗮𝘃𝗲 𝗯𝗲𝗲𝗻 𝘁𝗵𝗲 𝗰𝗼𝗻𝘁𝗿𝗶𝗯𝘂𝘁𝗶𝗼𝗻𝘀 𝗼𝗳 𝗤𝗦𝗣 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗜-𝗢
𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Top impacts:

1. Critical + Regulatory use

2. Helpful but no regulatory use

3. Helpful + regulatory use

The survey respondents perceive the 
contribution of QSP positively, with 
most of the responses ranging from 
QSP leading to critical impact on 
projects to being useful to projects



𝗪𝗵𝗮𝘁 𝗵𝗮𝘃𝗲 𝗯𝗲𝗲𝗻 𝘁𝗵𝗲 𝗰𝗼𝗻𝘁𝗿𝗶𝗯𝘂𝘁𝗶𝗼𝗻𝘀 𝗼𝗳 𝗤𝗦𝗣 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗜-𝗢
𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Bottom impacts:

1. Decision opposite to QSP

2. Unsure

3. No QSP performed



𝗪𝗵𝗮𝘁 𝗵𝗮𝘃𝗲 𝗯𝗲𝗲𝗻 𝘁𝗵𝗲 𝗰𝗼𝗻𝘁𝗿𝗶𝗯𝘂𝘁𝗶𝗼𝗻𝘀 𝗼𝗳 𝗤𝗦𝗣 𝗶𝗻 𝘆𝗼𝘂𝗿 𝗜-𝗢
𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Most conflicting impacts:

1. Critical + Regulatory use

2. Helpful but no regulatory use

3. Helpful but no regulatory use



Challenges of applying QSP in I-O



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗰𝗵𝗮𝗹𝗹𝗲𝗻𝗴𝗲𝘀 𝗶𝗻 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣𝗺𝗼𝗱𝗲𝗹𝗶𝗻𝗴 𝘁𝗼
𝘀𝘂𝗽𝗽𝗼𝗿𝘁 𝗜-𝗢𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 

24



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗰𝗵𝗮𝗹𝗹𝗲𝗻𝗴𝗲𝘀 𝗶𝗻 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣𝗺𝗼𝗱𝗲𝗹𝗶𝗻𝗴 𝘁𝗼
𝘀𝘂𝗽𝗽𝗼𝗿𝘁 𝗜-𝗢𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Top Challenges:

1. Not enough data

2. Timeline is too long

3. Lacking validation



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗰𝗵𝗮𝗹𝗹𝗲𝗻𝗴𝗲𝘀 𝗶𝗻 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣𝗺𝗼𝗱𝗲𝗹𝗶𝗻𝗴 𝘁𝗼
𝘀𝘂𝗽𝗽𝗼𝗿𝘁 𝗜-𝗢𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Top Challenges:

1. Not enough data

2. Timeline is too long

3. Lacking validation

Not enough data: Widespread 
difficulty for all modeling approaches

Timeline is too long: Complexity

Lacking validation: No generally 
accepted validation process



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗰𝗵𝗮𝗹𝗹𝗲𝗻𝗴𝗲𝘀 𝗶𝗻 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣𝗺𝗼𝗱𝗲𝗹𝗶𝗻𝗴 𝘁𝗼
𝘀𝘂𝗽𝗽𝗼𝗿𝘁 𝗜-𝗢𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Top Challenges:

1. Not enough data

2. Timeline is too long

3. Lacking validation

Not enough data: Widespread 
difficulty for all modeling approaches

Timeline is too long: Complexity

Lacking validation: No generally 
accepted validation process



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗰𝗵𝗮𝗹𝗹𝗲𝗻𝗴𝗲𝘀 𝗶𝗻 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣𝗺𝗼𝗱𝗲𝗹𝗶𝗻𝗴 𝘁𝗼
𝘀𝘂𝗽𝗽𝗼𝗿𝘁 𝗜-𝗢𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Top Challenges:

1. Not enough data

2. Timeline is too long

3. Lacking validation

Not enough data: Widespread 
difficulty for all modeling approaches

Timeline is too long: Complexity

Lacking validation: No generally 
accepted validation process



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗰𝗵𝗮𝗹𝗹𝗲𝗻𝗴𝗲𝘀 𝗶𝗻 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣𝗺𝗼𝗱𝗲𝗹𝗶𝗻𝗴 𝘁𝗼
𝘀𝘂𝗽𝗽𝗼𝗿𝘁 𝗜-𝗢𝗽𝗿𝗼𝗷𝗲𝗰𝘁𝘀? 
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Bottom Challenges:

1. Not needed

2. Budget is too high

3. Too complicated



Difference in perception between QSP modelers and 

non-QSP people

30



Future directions of QSP in I-O



𝗪𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝗸𝗲𝘆 𝗜-𝗢𝗾𝘂𝗲𝘀𝘁𝗶𝗼𝗻𝘀 𝘁𝗵𝗮𝘁 𝗤𝗦𝗣 could address 

𝗶𝗻 𝘆𝗼𝘂𝗿 𝗽𝗿𝗼𝗴𝗿𝗮𝗺𝘀 𝗶𝗻 𝘁𝗵𝗲 𝗳𝘂𝘁𝘂𝗿𝗲? 
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U𝗻𝗶𝗾𝘂𝗲 𝗮𝘀𝗽𝗲𝗰𝘁𝘀 𝗼𝗳 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣 𝗶𝗻 𝗜-𝗢 𝘃𝘀. 𝗼𝘁𝗵𝗲𝗿

𝗱𝗶𝘀𝗲𝗮𝘀𝗲 𝗮𝗿𝗲𝗮𝘀



W𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝘂𝗻𝗶𝗾𝘂𝗲 𝗮𝘀𝗽𝗲𝗰𝘁𝘀 𝗼𝗳 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣 𝗶𝗻 𝗜-𝗢 𝘃𝘀. 
𝗼𝘁𝗵𝗲𝗿 𝗱𝗶𝘀𝗲𝗮𝘀𝗲 𝗮𝗿𝗲𝗮𝘀? 
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W𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝘂𝗻𝗶𝗾𝘂𝗲 𝗮𝘀𝗽𝗲𝗰𝘁𝘀 𝗼𝗳 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣 𝗶𝗻 𝗜-𝗢 𝘃𝘀. 
𝗼𝘁𝗵𝗲𝗿 𝗱𝗶𝘀𝗲𝗮𝘀𝗲 𝗮𝗿𝗲𝗮𝘀? 
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Complexity



W𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝘂𝗻𝗶𝗾𝘂𝗲 𝗮𝘀𝗽𝗲𝗰𝘁𝘀 𝗼𝗳 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣 𝗶𝗻 𝗜-𝗢 𝘃𝘀. 
𝗼𝘁𝗵𝗲𝗿 𝗱𝗶𝘀𝗲𝗮𝘀𝗲 𝗮𝗿𝗲𝗮𝘀? 
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Variability



W𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝘂𝗻𝗶𝗾𝘂𝗲 𝗮𝘀𝗽𝗲𝗰𝘁𝘀 𝗼𝗳 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣 𝗶𝗻 𝗜-𝗢 𝘃𝘀. 
𝗼𝘁𝗵𝗲𝗿 𝗱𝗶𝘀𝗲𝗮𝘀𝗲 𝗮𝗿𝗲𝗮𝘀? 

37

Combinations



W𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝘂𝗻𝗶𝗾𝘂𝗲 𝗮𝘀𝗽𝗲𝗰𝘁𝘀 𝗼𝗳 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣 𝗶𝗻 𝗜-𝗢 𝘃𝘀. 
𝗼𝘁𝗵𝗲𝗿 𝗱𝗶𝘀𝗲𝗮𝘀𝗲 𝗮𝗿𝗲𝗮𝘀? 
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Species differences



W𝗵𝗮𝘁 𝗮𝗿𝗲 𝘁𝗵𝗲 𝘂𝗻𝗶𝗾𝘂𝗲 𝗮𝘀𝗽𝗲𝗰𝘁𝘀 𝗼𝗳 𝗮𝗽𝗽𝗹𝘆𝗶𝗻𝗴 𝗤𝗦𝗣 𝗶𝗻 𝗜-𝗢 𝘃𝘀. 
𝗼𝘁𝗵𝗲𝗿 𝗱𝗶𝘀𝗲𝗮𝘀𝗲 𝗮𝗿𝗲𝗮𝘀? 
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Other aspects



Key takeaway from the survey results

40

• Overall, the survey respondents perceive the contribution of QSP positively, with most of the 
responses ranging from QSP leading to critical impact on projects to being useful to projects.

• QSP models seem to be currently most often used to help with dosing/scheduling of clinical 
studies; while use in early drug discovery such as target validation and candidate selection is 
lower at the moment but is expected to grow in the future. 

• The top 3 challenges for IO QSP model development identified in the survey are limited 
data, long timeline and insufficient validation of the models.

• The survey revealed differences in perception on the impact of QSP in I-O between QSP 
modelers and others suggesting QSP modelers need to improve education and 
communication to their stakeholders.

• For the future, people in general consider that QSP models can further increase their 
contribution to IO programs in all areas; while helping with combination therapy is being 
selected by the highest number of respondents.  

• A lot of room to grow, either in terms of communication, applying QSP more widely, more 
transparent validation criteria.



THANK YOU!
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