Model Qualification Approaches for Quantitative Systems Pharmacology (QSP) -~
and Mechanistic Physiological Models

Christina Friedrich Drug Development Advisors
Rosa & Co LLC, San Carlos, CA 94070 Driving Scientific Innovation Since 2002
bl | qualif h A B | 1
. . Compare and contrast recent publications discussing QSP model qualification wit ibodv: . . . . .
Objective: h o . - L3 = . 5 D M itomimmane (s Results: Cross-Functional Communication is Key
Rosa’s Model Qualification Method (MQM)™ Drus administration E bLpcske  complexes{ic) 7
W L, S . I | |
lka = [>T |\ | A point of emphatic agreement across the publications reviewed is the need for effective communication between
Introduction and Methods o ko [Oov e o : & Endocytosts | ey | = (=) modelers and other functional experts, e.g., from pharmacology, biology, clinical researchl4, as well as with
Cjﬁfffﬁfﬁi; T)(:O;;;:ilem >mffftit < | S ~ - | -_P’}f;__n_g’ﬂ‘g;'is 1 regulatory agencies®. A well-qualified QSP model can be a repository for biologic, pharmacologic, and clinical
| | | | | ) _ 2 o B (s (s i knowledge!34 and a reusable and extensible asset for a development program?°.
QSP modeling is a powerful approach in model-informed drug development. QSP is an umbrella term for l . lkeo 3 Recycling. /- e oM < laid out h ived out of Rosa’ deli fe (bl e Teeeim et .
mathematical modeling that considers drug MOA In the context of biological disease mechanisms to improve v N | g tQ ramteword Ia' Ollj.f. etr.e SVOIVE cc)'lél 0 .osatrs] Mo eltr]g prac Ic(I:e oth 10 a.c”_l"flﬁle fc 'V: commfunlca '.?.n
understanding of human biology and pharmacology. Specific QSP modeling methods vary, and there is currently no 2 R Blesing and 1o sutppor mto PE. qualliica 'c.)tnh’ "tf]" a trr\essmg h'e hcll'ui? |gr_13 an h con;:_ernz 'In aMe .d tr$as OthSpl\eAC'I'\;
one universally accepted qualification methods. Several recent publications discuss QSP model qualification*>9, and 5 &Recycling | agres mfe " cc)lr_c?n rg‘:’ Iig) HiSkes willn GlEr ELiers ens [iglignee) in Geen sceien B2iatt ot el O Wis WIS,
the emerging consensus in conference publications focuses on qualification vs. traditional validation. ___v lysosomal Degradation, e can be 1ound in=anas.
L ) L . .
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Results: QSP Models are Qualitatively Different from PK/PD Models QSP models vary in depth and breadth, purpose, and available data and knowledge to constrain the model behavior.
i Prescriptive methods that assume the existence of a particular type of data, or the application of the model to a Conclusions: Emerging Consensus
- | | | particular type of question, are not appropriate’~. Rather, a general and customizable framework is needed that can
There was agreement that QSP models are qualitatively different from PK/PD models, and that the diiferences require be tailored to the research context and goes beyond goodness-of-fit to a given data set. To ensure that a QSP model
a shift away from a validation _mlndset toward gquahflcatlon_or fﬂ-for-purpose mlnc?lset. Cited dlﬁergnces _mclude. is fit-for-purpose, model qualification must address the questions and concerns in Table 11. . Recent publications and conference presentations suggest that the modeling community is reaching a
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The differences in purpose and data (see Figure 1 for examples) lead to the clear conclusion that the validation UNCERTAINTY - Would recommendations change under different assumptions? - Careful scoping (MQM criterion 1), use of biological constraints (MQM criterion 2), and quantitative and
approach used for PK/PD models is neither appropriate nor sufficient for QSP models!>6, Perhaps the most « What uncertainty poses a risk to the program, and what experiments could resolve it? gualitative comparisons to data (MQM criteria 7, and 8) are included in other QSP qualification criteria
compelling argument IS that lack of cliln;cal or preclinical data Wou_lc_l make _P_K/PD modeling impossible, but c_loes not VARIABILITY » How do known differences between patients affect model results? publications.
prevent quallflcatlc_)n_of_ a QSP_modeI = [neieee] the, TEE ?O a'.““c'pate Slimizl r(_esults f_or 2L Mol ta_rget, Yy, 7o « What biological mechanisms can explain the range of observed clinical or preclinical outcomes? « The MQM'’s systematic consideration of uncertainty and variability and associated use of sensitivity analysis and
example, mechanistic information about that targets role in disease pathophysiology is a key motivator for QSP ini ini isti ? Virtual Patients are generalizable concepts that are applicable to QSP models and enhance the gualification
modeling. A second line of reasoning points out that more mechanistic models have parameters that are biologically DATA * Does the model match relevant data, at the clinical/preclinical and mechanistic level’ concents resentedgelsewhere P PP G
meaningful and locally constrained based on sub-system behavior, so a global fitting approach is not appropriate?-s. * Are model responses to a variety of tests consistent with current knowledge and expectations? PSP '
Results: Rosa’s Model Qualification Method Compared with Other Publications
1. Model scope Is relevant for research context
MOM: QSP models should be tested against relevant quantitative data. The appropriate testing approach depends on the research context, including the MOM: Research context includes the key research question and intended application of model results, the biological system of interest, the
Intended use of the model and relevant available data. Lack of appropriate clinical data for statistical testing does not mean that the model cannot be current state of data and knowledge, and time and resource constraints. All of these factors should be considered in determining model scope.
gualified. In the absence of clinical data, particular care should be taken to investigate the possible impact of uncertainty and known variability using VPs. Research context and scope decisions are documented throughout the project.
Other publications: Comparison to data Is universally acknowledged to be a key component of QSP model qualitication. Agoram gives a nice example of Other publications: There is agreement on the need to be explicit about the purpose of the model*5. For example, Agoram recommends
a semi-quantitative assessment of maximum bronchodilation that was deemed good enough for the research purpose®. Peterson and Riggs comment on A beginning the qualification process with a clear statement of the objective and additionally draws an explicit connection between the purpose of
the qualification value of simultaneously matching disparate data sets®. 2 Model (?(/Q the model and the model evaluation criterias.
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MQM: Every variable in a mechanistic model can be observed under actual or what-if scenarios. : - test data MOM: The model should represent biology with a graphical model representation to facilitate communication and assessment by cross-
Mode| behavior can be evaluated qualitatively by visual inspection of model results under many | £ ™ 7. Model > Model functional teams. Parameters have intrinsic meaning and should be based on data where possible, and appropriate sub-system behaviors
conghﬂons, pres_er_mn_g opportunities for _cro_ss—func_tlon_al teams to m_teract with the model _and gain ¢ results are : reflecting mechanistic understanding.
confidence that it is fit-for-purpose. Qualtative testing Is also appropriate when the data available are | ¢, qualitatively b Other publications: The utility of a graphical representation of biology for communication is explicitly discussed or strongly implied in the
related, but not identical to the scenario of interest, e.g., data for different phenotypes or for related  # = = A consistent with relevant other r?Jblications t.hat were gxamingd Iii‘he evaIIlDJation of com onent%lljb-models emphasized in5pis coynsistent with this I\/IQgI\/chritgrion
drugs. Figure 3 shows an example of qualitative testing in a Diabetes PhysioPD Research Platform. il —4 v A biological P ' P P '
Other publications: The necessity for qualitative testing is acknowledged, mostly by contrast to the | = e wx® % @ w w0 and knowledge Model mechanisms
quantitative statistical testing that is imperative for PK/PD model validation but often not possible or e 3. Example of a qualiative check. A lifi - . o
necessary for QSP models. In this author’s opinion, the power of qualitative testing is selecton of Virtual Patients are visually Qua ITication 3. Relevant qualitative uncertainties are assessed Document and proceed with  Appropriate if impact is localized, distal to the
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appropriate for disease severity 6 Relevant Method@ 3 Relevant MOM: Qualitative uncertainty refers to knowledge gaps about how biological

6. Relevant clinical variability Is reproduced outcome qualitative

most likely hypothesis focus of the research, or transient.

underappreciated in current published work.

' : T : Simplify model structure to Appropriate if possible without compromising
components interact, while quantitative uncertainty refers to the degree or rate of the .4 modeling uncertain the model’s ability to address research

i taint Interaction. Mechanistic models are ideally suited to evaluate the implications of areaexplicitly questions.
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MQM: Analysis of clinical variability in the mechanistic modeling context often focuses on illuminating the mechanistic sources of Y SHEETREHIEES &1 alternative qualitative hypotheses. Qualitative uncertainties must be documented and ~ Resolve definitively, L.e., - May require significant resources, which is

—— . : : o : . . reprnduced assessed accesced to the extent appropriate to the research context (Table 2) eliminate all but one warranted if model predictions relevant to the
variability to support re_search pbjfe_ctlves such as identifying respor)der patient types or designing a next-generation compound to have PProp : hypothesis through data research question are sensitive or likely to be
broader efficacy. Clinical variability can be reproduced by creating and simulating a range of VPs with diverse parameter values Other publications: Qualitative uncertainty is not generally distinguished from  and/or modeling analysis sensitive to the uncertainty.
reflecting PK variability, known pathway variability, and uncertainty. The qualification criteria should be decided based on the research 5. Model 4. Relevant quantitative uncertainty. Peterson and Riggs emphasize the value of the model iN  yaintain multiple hypotheses ~PPrOPriate if model predictions are sensitive
context. Spanning the range of responses or reproducing the distribution of responses may both be appropriate qualification criteria. captures relevant quantitative x}\ uncovering scientific knowledge gapssS. in model to explore explicitly Loy:(‘)‘:h‘gfrst;?stz;”:lI'L;“:Srtfﬁ‘g one

Other publications: Clinical variability is generally considered as part of a PopPK — type approach. The notion of using mechanistically known pathway uncertainties are
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diverse VPs to span the range of clinical responses without necessarily matching the distribution is not in wide use, though the use of “%. variabilities assessed Q,{‘K 4. Relevant guantitative uncertainties are assessed
mechanistically diverse virtual populations that reproduce distributions has been previously reported®. z C

{L 0{\ MOM: Many parameters needed for QSP models are bounded but not fully determined by available data. Sensitive parameters and model-
5 Model cagtu res relevant known Qathwaj[ variabilities Fiqure 2. Rosa's Model Qualification Method based exploration of their systemic effects should be undertaken, e.g., via sensitivity analysis and simulations of “Virtual Patients (VPs)". Each

- - _ _ _ _ _ _ _ VP is one complete model instance with a unique set of parameters and consistent with all data constraints. A VP is not a collection of randomly
MOM: Pathway variability exists if there are data from patients showing that different pathways play a role in pathophysiology for different patients. sampled parameters, but rather a biologically plausible alternative hypothesis of disease and drug mechanisms.

For example, the relative degree of insulin secretion vs. insulin resistance Iin diabetes pathophysiology is an area with known pathway variability. L . . . . 4E6 _ . .
. . . . . . L . Other publications: Assessment of sensitivity to parameter uncertainty is mentioned in*>° and sensitivity analysis Is highlighted as an important
Mechanistic models can be used to investigate, using different VPs, the degree to which known pathway variability may impact outcomes. . : . . o . . .
- - _ _ o _ _ _ _ tool. The systematic creation and deployment of Virtual Patients has not been highlighted as a key mechanism for evaluating the impact of
Other publications: The publications currently reviewed did not focus on known pathway variabilities. An interesting published example is the use of uncertainty in these recent publications, though their use has been documented in prior work, including”:8.
eosinophilic vs. neutrophilic asthma VPs in the assessment of anti-IL-5 therapy?°.
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