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Quantitative Clinical Pharmacology of T-Cell Engaging 
Bispecifics: Current Perspectives and Opportunities

Peter N. Morcos1, Junyi Li2, Iraj Hosseini3 and Chi-Chung Li2,*

T-cell directing/engaging bispecifics (TDBs) enable a powerful mode of action by activating T-cells through the creation of 
artificial immune synapses. Their pharmacological response involves the dynamic inter-relationships among T-cells, tumor 
cells, and TDBs. This results in complex and challenging issues in understanding pharmacokinetics, tissue distribution, 
target engagement, and exposure-response relationship. Dosing strategy plays a crucial role in determining the therapeutic 
window of TDBs because of the desire to maximize therapeutic efficacy in the context of known mechanism-related adverse 
events, such as cytokine release syndrome and neurological adverse events. Such adverse events are commonly reported 
as the most prominent events during the initial treatment cycles and dissipate over time. Therefore, the kinetic characteri-
zation of the inter-relationships between exposure/target engagement and safety/efficacy outcomes is crucial in designing 
the optimal dosing regimen to maximize the benefit/risk of TDB agents. In this review, we discuss the key clinical pharma-
cological considerations in drug discovery and development for TDBs and provide a summary of TDBs currently in clinical 
development. We also propose forward-looking perspectives and opportunities to derive insights through quantitative clini-
cal pharmacology approaches.

Advancements in antibody engineering and recent clinical 
successes have led to enthusiasm for the development of 
bispecific modalities with the unique ability to bind to two 
distinct antigens or two different epitopes on the same an-
tigen.1 T-cell directing/engaging bispecific agents (TDBs), 
in particular, are rapidly becoming an important class of 
molecules in oncology drug development. These agents en-
hance recruitment of effector cells (e.g., cytotoxic T-cells) to 
tumor-associated/specific antigens for targeted cell killing 
(Figure 1a,b). Like other T-cell engaging therapies, TDBs 
engage the host’s T-cells thereby driving deep and durable 
clinical response beyond treatment termination.2 However, 
unlike chimeric antigen receptor T-cell therapies,3 which 
take weeks from collection of patients’ T-cells to availability 
of treatment product, TDBs are available off-the-shelf.

Based on a search with the key word “T-cell bispecific” and 
its variations in literature and on ClinicalTrials.gov (up until 
December 2019), we summarized a listing of TDBs currently 
in clinical development for hematological (Table 1) and solid 
malignancies (Table 2).1,4 We found 64 TDBs encompassing 
broad formats ranging from small proteins to full-length immu-
noglobulin G (IgG) monoclonal antibodies. Information on the 
developers, tumor targets, molecular formats, disease areas, 
and clinical trial information for these TDBs is provided.

Clinical efficacy of a TDB is presumed to be driven by 
the synaptic complex concentration (Figure 1a,b). As such, 
target engagement depends on its pharmacokinetics (PK), 
the cellular kinetics and trafficking of T-cells and tumor cells 
(e.g., B-cell or plasma cells for hematological malignancies), 
drug-specific parameters (e.g., relative binding affinities to 

T-cells and tumor cells, intrinsic activity), and system-spe-
cific parameters (e.g., target expression levels and turnover). 
The bispecific binding properties also impact tissue distri-
bution/disposition, which could differ from that of typical 
therapeutic antibodies.5

A key challenge in the clinical development of TDBs is sig-
nificant clinical toxicities including cytokine release syndrome 
(CRS) and neurotoxicity, which are a result of the cascade of 
immune activation and cytokine release associated with the 
mechanism of action (MOA) (Figure 1c).6,7 Such toxicity is 
reversible and time-dependent, and typically most prominent 
upon first administration and less pronounced with subse-
quent dosing.8 Although the patient-level risk factors are still 
being elucidated, aggressive disease and higher tumor bur-
den are suspected to be contributing factors.7 These on-target 
safety concerns and their unique time-dependency and con-
centration-dependency represent opportunities to optimize 
the dosing regimen to maximize the therapeutic window and 
treatment potential of TDBs. Novel clinical dosing approaches 
have been implemented in clinical trials that mitigate these 
acute cytokine-driven toxicities, including various forms of 
dose fractionation or step-up dosing strategies, pretreatment 
with target-depleting agents, and administration of corticoid 
and/or immunosuppressive agents.6,9 Furthermore, the novel 
pharmacology of TDBs offers unique opportunities to leverage 
quantitative clinical pharmacology (QCP) approaches to un-
derstand the dynamic interplay between the TDB, tumor, and 
immune system.

In this paper, we focus our discussion on key drug de-
velopment considerations from a clinical pharmacology 
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perspective for TDBs. These include target engagement, 
preclinical-clinical translation, dose selection, PK, immuno-
genicity, and exposure-response. In particular, we highlight 
various QCP examples used to address drug development 
questions and potential future directions for applications of 
QCP approaches.

TARGET ENGAGEMENT
Target engagement of TDBs involves the formation of a tri-
molecular complex consisting of the TDB simultaneously 
bound to both effector cell and tumor-associated anti-
gen and is presumed to drive the pharmacological effect 
(i.e., T-cell activation and proliferation, and subsequent 

tumor killing) through creating an immunological synapse 
(Figure 1a,b). Unlike traditional therapeutic modalities, 
which bind to a single target and whose dose/exposure-
response (E-R) can typically be described by a nonlinear, 
Michaelis–Menten binding kinetics, TDBs have a complex 
E-R relationship that depends on multiple factors. These 
include drug-specific factors (binding affinity; i.e., Kd) for 
each target and intrinsic activity/potency of the tri-molecule 
synapse and system-specific factors (target expression, 
effector:target ratios, effector cell concentration, and po-
tency).10 Based on stoichiometric principles in a closed 
system, one expects a bell-shaped E-R curve, where tri-
molecular complexes increase with TDB concentrations 

Figure 1  Visual schematic of immune synapse, mechanism of action, dose-response relationships for efficacy and safety of T-cell 
directing bispecifics (TDBs). (a) The TDB target engagement is characterized by the simultaneous binding of the TDB to the tumor-
associated antigens, which are expressed on tumor cells and to CD3, which is expressed on T-cells. The trimolecular entity (TDB, 
T-cells, and target cells) forms an immune synapse, which activates the T-cells. (b) The activated T-cells release cytotoxic granules, 
such as granzyme B and perforin, leading to tumor cell death. (c) The activated T-cells also release various cytokines, such as TNFα, 
INF-gamma, IL-2, and IL-6, which trigger a cascade of immune activation including the activation of macrophages and monocytes and 
the release of additional cytokines. (d) The therapeutic window of TDBs can be defined by the exposure-response relationships for 
efficacy (as a result of cytotoxicity) and safety (as a result of systemic cytokine release). Upon repeated dosing of TDBs, the release of 
proinflammatory cytokines (TNFα and INF-gamma) from T-cells decreases, and thus the dependency of safety on exposure reduces. 
This time-dependent and repeat-dose dependent characteristic provides an opportunity to use various dosing strategies (e.g., step-
up dosing) and broaden the therapeutic window of TDBs.
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at low concentrations, reach a maximal number and opti-
mum concentration range, and decrease at very high TDB 
concentrations, which favor the formation of TDB-target 
or TDB-T-cell complexes.11 The in vivo significance of a 
bell-shaped E-R has not been established and should be 
considered in the context of the biological system where 
the levels of TDB, target cells, and T-cells are dynamically 
changing. Given the agonistic nature of the MOA, clinical 
efficacy could theoretically be achieved without the need 
for higher concentration ranges. Clinical data for novel full-
length IgG-based CD20-CD3 TDB, mosunetuzumab and 
glofitamab, indicates that clinical efficacy is seen at doses 
as low as 1.2 mg or less and associated with < 1% CD20 tar-
get engagement level (see section Exposure-Response).12,13

QCP perspectives and opportunities
The unique characteristics of target engagement pharmacol-
ogy discussed above add complexity to molecule and dose 
optimization in discovery and development. Common dose 
finding approaches, such as dose escalation to maximal tol-
erated doses (MTDs) or target-binding saturation, may not 
be appropriate for TDBs. QCP modeling, which integrates 
in vitro, in vivo, and available clinical data, can help estab-
lish the proof-of-concept and inform the totality of dosing 
rationale for phase I studies. Jiang et al. presented a target 
cell-biologics-effector cell complex-based cell killing model 
using in vitro data to represent affinity-dependent binding of 
bispecific antibodies to CD3 and target receptors, expres-
sion levels of CD3 and target receptors, and concentrations 
of effector and target cells.10 Model-based predictions were 
extrapolated to in vivo settings and predicted the clinical effi-
cacious doses of blinatumomab.10 Such approaches provide 
insights into the MOA and are useful for investigating the inter-
play between drug-specific effect and the biological context 
of different diseases (e.g., target expression and distribution) 
and patient immune status (e.g., variability in T-cell activity). 
The applications of these models can also be extended to 
inform discovery efforts, including molecule optimization and 
candidate selection.

NONCLINICAL TO CLINICAL TRANSLATION AND 
FIRST-IN-HUMAN DOSE SELECTION
For traditional therapeutic modalities, nonclinical toxicol-
ogy and pharmacology studies support transition to clinical 
development and selection of first-in-human (FIH) doses 
using well-described approaches. However, FIH dose se-
lection for TDB can be challenging due to the complexity 
of the pharmacology with dual binding and the immune-
activating MOA. A recent US Food and Drug Administration 
(FDA) review of CD3 bispecific constructs determined that 
FIH dose selection using standard approaches based on 
receptor occupancy, highest nonseverely toxic dose, or 
no-observed adverse effect level, resulted in doses near or 
exceeding MTDs in clinics, and hence are not acceptable 
for these agents.14 Conversely, dose selection based on 
the minimal anticipated biological effect level from sensi-
tive in vitro experiments may be too conservative and result 
in subtherapeutic doses requiring several escalations to 
achieve pharmacological/clinical activity. Saber et al. pro-
posed an FIH dose selection corresponding to 10–30% T-
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pharmacological activity as a function of TDB concen-
tration in sensitive assays as an acceptable approach.14 
Toxicology studies for therapeutic proteins generally in-
clude safety and PK assessment in nonhuman primates 
(e.g., cynomolgus monkeys (“cyno”)). Cyno PK could be 
scaled to project human PK through allometric scaling for 
clearance and volume parameters.15 In scenarios where the 
TDB may be subject to target-mediated drug disposition 
(TMDD; see section PK Considerations), human PK predic-
tions should account for differences in target expression, 
binding affinity, and/or other intrinsic differences between 
cyno and human. Notably, antidrug antibodies (ADAs) 
which oftentimes emerge in cynos may not directly trans-
late to humans.

QCP perspectives and opportunities
Recently, Betts et al. published a quantitative systems phar-
macology (QSP) model to characterize the in vivo efficacy 
of P-cadherin/CD3 bispecific construct in tumor-bearing 
mice.11,16 The model is a combination of mechanistic (e.g., 
binding of drug to CD3 and target antigen) and empirical 
(e.g., T-cell proliferation) components to capture PK and 
T-cell profiles in circulation. It integrates PK of TDB and 
its binding to shed target antigen and circulating T-cells, 
its distribution to tumor, and the formation of a trimolecu-
lar complex to T-cells and target expressing tumor cells to 
drive antitumor efficacy. The QSP model was then trans-
lated from mouse to human to support the clinical starting 
dose of P-cadherin/CD3 bispecific construct using the min-
imal anticipated biological effect level approach.11,14 Such 
models integrate the in vitro and in vivo pharmacology and 
provide additional insights into a reasonable starting dose 
over PK-based approaches alone. The preclinical-to-clini-
cal translation remains an active area of research. A clinical 
sampling plan to allow for biomarker data collection (e.g., 
T-cell activation, cytokine kinetics, and target cell dynam-
ics) to capture the short-term and long-term dynamics 
can be valuable to enable the continued assessment of 
translational assumptions and predictability across TDB 
molecules. Such insights are critical in guiding further opti-
mized approach to predict the FIH dose selection of future 
TDB molecules.

PK CONSIDERATIONS

Absorption
TDBs are therapeutic proteins largely administered via i.v. 
routes. However, s.c. routes are also being explored as 
a step toward better patient convenience (with the short 
treatment administration) and better safety (with the en-
hanced safety profile due to the reduced absorption 
rate).17 Preliminary phase I clinical data from epcoritamab 
(GEN3013; DuoBody - CD3/CD20) following s.c. adminis-
tration showed that the maximum plasma concentration 
(Cmax) occurred during 2–4  days after dosing and that 
GEN3013 is well-tolerated with early signs of clinical ac-
tivity in patients with relapsed or refractory non-Hodgkin’s 
lymphoma.18,19 Empirically, a first order absorption process 
from the lymphatic system following s.c. administration 
is likely to occur, as ascribed for traditional monoclonal T-
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antibodies.20 Of note, s.c. administration of a TDB could 
lead to T-cell activation in lymph nodes, thus “first-pass” 
PK or pharmacodynamic (PD) effects could theoretically be 
possible and should be investigated. Estimation of absolute 
bioavailability and absorption rate for presystemic effect on 
PK or mechanistic modeling efforts (e.g., QSP or physio-
logically-based PK (PBPK) modeling) could provide further 
insights in this potential phenomenon.

Distribution
The distribution of TDBs varies and depends on the con-
struct and relative affinities to effector and target cells. 
Population PK (PopPK) analysis of blinatumomab, a 54 kDa 
bispecific T-cell engager, consisting of two linked sin-
gle-chain variable regions, revealed a volume of distribution 
of 3.40 L, similar to the plasma volume.21 Similarly, PopPK 
analysis of the full-length IgG-based CD20-CD3 bispecific 
glofitamab showed a central volume of distribution that 
approximates plasma volume, suggesting limited tissue 
distribution in the clinically relevant dose range.13 For TDBs 
with targets present in the tissue, the volume of distribu-
tion can be greater than the plasma volume. For full-length 
antibodies, extravasation to the tissue interstitial space 
is primarily driven by convection. For TDBs with an intact 
Fc region, transcytosis mediated by FcRn can also play a 
role in distribution.22 The distribution property of TDBs can 
also be highly dependent on molecule design and relative 
binding affinities to target tumor cells vs. effector T-cells. 
Mandikian et al. have shown that a higher binding affinity 
to CD3 shifts the distribution of HER2-CD3 bispecific anti-
bodies away from tumor to T-cell-rich tissues.5 Distribution 
of TDBs within the tumor can be a significant source of 
response heterogeneity and tumor penetration is usually 
largely reduced in solid tumors.23 These drug-related and 
disease- related factors are important to consider in order 
to obtain a deeper understanding of the E-R relationships 
to inform discovery and development.

Elimination
TDBs are metabolized by the same catabolic pathways as 
endogenous proteins and are eliminated by nonspecific Fc 
receptor-mediated catabolism and/or TMDD. The clear-
ance for TDBs is governed by their structure/molecular 
weight and factors impacting TMDD, such binding proper-
ties (affinity/avidity), target levels, circulating endogenous 
or exogenous targets, and turnover rates for soluble and/or 
membrane bound receptors. Therefore, dose-dependent 
and time-dependent PK is possible for TDBs. For example, 
PopPK of mosunetuzumab and REGN1979 have been char-
acterized preclinically and/or clinically with a time-varying 
clearance, consistent with traditional anti-CD20 antibod-
ies (e.g., rituximab and obinutuzumab), to represent target 
(B-cell) binding and associated target modulation with 
treatment.15,24 Higher TDB clearance may be anticipated for 
agents with higher CD3 affinity, as illustrated with the CLL-1/
CD3 bispecific antibody.25 In general, PK covariate inves-
tigations should consider impacts of disease status (e.g., 
tumor burden and cachexia) and/or circulating competing 
agents on bispecific clearance. The relevance of nonlin-
ear pathways also depends on the clinical dose/regimen 

and may not be universal for TDBs. For glofitamab, linear 
clearance alone was sufficient to describe its disposition, 
although this is potentially due to its unique dosing ap-
proach, which relies on single dose obinutuzumab (Gazyva) 
pretreatment (Gpt) for safety mitigation.13 The PK of bli-
natumomab on the other hand, was described by a linear 
one-compartment PK model. The interpatient variability for 
clearance was high (coefficient of variance of ~ 60%) with 
a multimodal distribution described by a mixture model.21 
The small size of blinatumomab makes it susceptible to 
rapid catabolism and high clearance, resulting in a short 
half-life of ~ 2 hours and necessitating continuous i.v. in-
fusion.21 Current research looks into further improving the 
PK properties of these fragment-based bispecific engag-
ers by fusing with human serum albumin or the Fc part of 
an IgG molecule. For full-length bispecific antibodies, the 
clearance is typically reduced owing to an intact Fc region 
enabling FcRn-mediated recycling.12,13,20 However, the clin-
ical half-lives can plausibly vary depending on the extent of 
TMDD for different molecule designs and target biology. For 
example, in patients with relapsed/refractory non-Hodgkin 
lymphoma, mosunetuzumabs have reported an apparent 
half-life of 6–11  days, whereas REGN1979 has a half-life 
of 2–3 days (increased to > 2 weeks at steady-state), al-
though both are full-length antibodies targeting CD20 and 
CD3 antigens.26,27 The clinical relevance of prolonged 
half-lives for the efficacy and durability of immune-stimu-
latory (agonist-type) agents remains to be characterized. 
However, the enhanced half-lives for full-length antibodies 
have afforded these agents with convenient dose sched-
ules of every 1–2 weeks for REGN1979 or every 3 weeks for 
mosunetuzumab and glofitamab, in contrast to the continu-
ous infusion required for bispecific T-cell engager, such as 
blinatumomab.

QCP perspectives and opportunities
QCP approaches can be adopted to better understand 
PK characteristics in the physiological context to enhance 
the understanding and prediction of PK of TDB in humans. 
Investigation of nonclinical (e.g., mouse xenograft and cy-
nomolgus monkey) or clinical biodistribution (e.g., novel 
imaging techniques using radiolabeled material) and elimi-
nation coupled with QCP approaches can further delineate 
distribution and elimination of TDBs. In one recent analysis, 
in vivo drug uptake in tumor tissues was predicted for im-
munocytokine bispecific (CEA-IL2v) using a PK/PD model 
that incorporates the expansion of target cells and associ-
ated TMDD, coupled with tumor imaging data collected in 
patients with cancer.28 PBPK modeling could be another 
valuable approach in describing the biodistribution and 
elimination of TDBs as a function of relative binding affinities 
within the physiological context of tissue-specific transport/
elimination pathways. Several researchers have described 
the tissue distribution of T-cells using a PBPK framework in 
the mouse for ex vivo stimulated T-cells or nontransduced 
chimeric antigen receptor T-cells.29,30 These models can 
serve as good starting points toward building a full PBPK 
model for TDBs by incorporating the bispecific binding 
properties to T-cells and target cells. Similar to what was 
described for small molecules and traditional antibodies, 
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PBPK modeling can be similarly exploited to develop TDBs 
and quantitatively characterize its disposition in circulation 
and tissues, including at the sites of action. Furthermore, 
PBPK modeling adds valuable insights into clinical devel-
opment questions, such as PK in special populations and 
drug interaction risks through TDB-induced cytokine eleva-
tion, as done for blinatumomab.31

IMMUNOGENICITY
As TDBs represent therapeutic proteins, there exists a 
potential for immunogenicity. All the clinical examples 
highlighted above (blinatumomab, mosunetuzumab, and 
glofitamab) deplete antibody producing B-cells as part of 
their MOA, and, therefore, limited immunogenicity (< 2% for 
blinatumomab and none reported for mosunetuzumab or 
glofitamab) is observed.12,13,32 However, for TDBs targeting 
other antigens or with more complex formats, immunoge-
nicity could arise and hamper PK/PD, safety, and/or efficacy. 
Because TDBs bind two targets, domain characterization 
should be conducted to identify the arm to which arising 
antibodies bind. This may provide insight into sources of 
toxicity, impairment of PK or PD, or efficacy. For example, 
antibodies arising to arms binding to target antigens could 
prevent binding to intended targets and impair efficacy, or 
theoretically provide crosslinking to activate arms engaging 
effector cells, leading to systemic toxicity.

QCP perspectives and opportunities
Integrated assessment of PK-PD-ADA response can add 
useful insights to inform dosing strategies. Campagne et al. 
developed an integrated translational PK/PD model for an-
ti-CD3/CD123 bispecific antibody, flotetuzumab,33 which 
accounts for TMDD on the disposition of flotetuzumab by 
peripheral CD3 + T-cell activation and expansion, target dy-
namics, complex formation, as well as the loss of drug due to 
ADA development. Such integrated models are useful to put 
into context the potential relevance and risk of immunoge-
nicity and can be translated across different species and/or 
disease/biological contexts.

E-R CHARACTERIZATION AND CLINICAL DOSING 
IMPLICATIONS

E-R for efficacy
The unique target engagement of TDBs leading to forma-
tion of trimolecular synapse can complicate E-R relationship 
for efficacy characterization.11 However, observed clinical 
data to-date suggests increases in efficacy with increasing 
dose/exposure and, in some cases, toward a plateau.12,13,34 
Blinatumomab E-R analyses have revealed a positive rela-
tionship between steady-state concentrations and complete 
responses (CRs).21 Recent analyses by Dufner et al. also sug-
gested durable remission and better median overall survival 
at the clinical MTD of 60 µg/m2 per day compared with lower 
dose levels.2 A novel exposure metric, clinical CD20 receptor 
occupancy (RO%), was derived using mass action principles 
(i.e., TDB concentrations and in vitro CD20 binding affinities) 
and used to investigate E-R relationships for mosunetu-
zumab and glofitamab.12,13 This approach also accounts for 
competition for CD20 receptor binding from individual patient 

anti-CD20 antibody concentrations in circulation from either 
prior therapies or from Gpt as they bind to the same target 
epitopes.12,13 E-R analyses reveal significant and positive 
relationships between average CD20 RO% and complete 
responders toward a plateau in response to treatment, and 
with clinically meaningful efficacy observed at ≤  1% CD20 
RO% for both agents.12,13 These recent examples add to the 
increasing pool of knowledge in understanding the clinical 
dose/E-R relationships for emerging TDBs and experience in 
utilizing QCP analyses to derive clinical dosing regimens.

E-R for safety
Similar to traditional antibody therapy, clinical safety 
following TDB therapy largely depends on the target 
pharmacology. CRS is the most prevalent side effect, 
with IL-6 as a key mediator.12,13,21 Safety characterization 
reveals dose-dependent and time-dependent CRS occur-
ring primarily upon initial treatment, which subsequently 
dissipates due to target depletion and/or immune desensiti-
zation post-treatment.8,12 This temporal pattern associated 
with CRS offers an opportunity to dissociate the drivers 
for safety from efficacy to broaden the therapeutic win-
dow of TDBs. Specifically, through QSP and E-R modeling 
of IL-6 and CRS events, implementation of step-up dos-
ing, in which small but pharmacologically active doses 
associated with low CRS risk, are initially administered to 
reduce circulating target cells and/or invoke immune de-
sensitization.35 Thereafter, high therapeutic doses are 
administered to achieve efficacy within the plateau of re-
sponse; thus, enabling a QCP informed dosing approach 
for TDBs (Figure 1d). This has been successfully applied 
to mosunetuzumab to mitigate CRS, as evidenced by no 
apparent E-R relationship for CRS across a wide therapeu-
tic dose range.12 Additional safety-mitigation approaches, 
such as the unique Gpt approach, have been applied for 
glofitamab, in which target B-cells are depleted by single 
dose obinutuzumab prior to administration of glofitamab.13 
Notably, limited cytokine-mediated neurotoxicity has been 
observed for both mosunetuzumab and glofitamab, sup-
porting the utility of these novel safety approaches.12,13 
A potential combination of both safety-mitigation ap-
proaches could further yield beneficial effects and is being 
investigated for glofitamab.13 Collectively, through careful 
understanding of target pharmacology and with use of 
QSP and E-R modeling, QCP approaches could enable 
favorable safety profiles for novel TDBs. For TDBs in de-
velopment for targets expressed in both tumor and healthy 
tissues, on-target off-tumor toxicities can play an important 
role in determining the therapeutic window. Model-based 
insights on E-R relationship across high-expressing vs. 
low-expressing tissues can provide critical insights into the 
dosing/regimen strategy.

QCP perspectives and opportunities
A semimechanistic PK/PD model was developed by Chen 
et al. to characterize in vivo cytokine profiles upon admin-
istration of TDBs after repeated dosing.36 In this model, 
the production of IL-6 was induced by synaptic complex 
formation, and a time-variant negative feedback loop was 
incorporated to capture the attenuation of cytokine peaks 
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following repeated doses. In most of the models mentioned 
in this review, T-cell dynamics was restricted to a single 
compartment without explicit representation of traffick-
ing. Hosseini et al. introduced a QSP model that explicitly 
includes blood and lymphoid tissues, and trafficking of 
CD8 + T lymphocytes and target cells between these tis-
sues; uses in vivo preclinical and clinical PK/PD data for 
model calibration and validation; and describes both safety 
(cytokines) and efficacy (target cell depletion) aspects of 
treatments with TDBs.35 Notably, the key factors for the 
successful application of QSP modeling, in this case, to 
inform the clinical development of mosunetuzumab, in-
cluded: (1) the ability to establish the preclinical-to-clinical 
translation of the dynamics of immune cells (i.e., T and B 
cells) and IL-6 response, (2) the availability of a surrogate 
PD biomarker of IL-6 for inferences of clinical safety, and 
(3) the ability to foster a healthy learn-and-confirm cycle by 
incorporating key elements of model-informed dosing hy-
pothesis in the design of phase I clinical dose finding. This 
approach was used to inform the step-up clinical dosing 
strategy used for mosunetuzumab and is being investi-
gated for glofitamab.12,13,35 Recently, Jiang et al. developed 

an integrated PBPK-PD model to describe the cytokine re-
lease profile and target cell depletion of blinatumomab in 
various patient populations following different dosing regi-
mens.37 Integrated PBPK-PD models illustrate the complex 
interaction between the TDB and its dual targets and can be 
envisaged to link its predicted target-site concentrations to 
outcomes and to understand response heterogeneity.37,38 
Taken together, these integrated modeling approaches add 
multidimensional insights on the target engagement phar-
macology and its relevance to clinical efficacy and safety. 
Although progress has been made to understand the drivers 
for efficacy and safety for TDBs, there remains knowledge 
gaps in terms of the optimal dosing regimen (i.e., frequency, 
duration, and dose levels/sequence) to induce efficacy in a 
durable and tolerable fashion. Further clinical data from al-
ternative dosing regimens or routes of administration (e.g., 
subcutaneous) could shed further insights in the quest to 
maximize the therapeutic benefits of TDBs.

SUMMARY AND CONCLUDING REMARKS

TDBs represent exciting new approaches for cancer treat-
ment. Their unique MOA, disposition properties, and the 

Figure 2  Quantitative clinical pharmacology (QCP) approaches to inform preclinical and clinical drug development decisions. 
Depending on the context and the nature of drug development questions, different QCP approaches can be useful. As T-cell directing 
bispecifics (TDBs) move in the pipeline from early research to late stage clinical development, questions generally go from more 
mechanistic to more descriptive in nature. Mechanistic PK/PD and QSP modeling are useful to gain mechanistic insights and inform 
early dose selection. PBPK modeling can be used to understand tissue-specific PK and PD and for assessment of drug-interaction 
risks. Population PK/PD modeling can help with understanding the key PK characteristics and population-level covariates. Exposure-
response modeling can help inform the relevant exposure drivers and covariates for safety and efficacy characterization. PBPK, 
physiologically-based pharmacokinetic; PD, pharmacodynamics; PK, pharmacokinetics; QSP, quantitative systems pharmacology.
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diversity in structural formats open up great opportunities 
to leverage QCP approaches to integrate multidimen-
sional data across molecules to promote learnings at a 
platform level. As summarized in Figure 2, various QCP 
approaches have been successfully leveraged to inform 
drug development questions at varying stages. It is an 
exciting time marked by the expanding use of new quantita-
tive methodologies in drug development, such as machine 
learning, to gain insights across large datasets. The vision 
of model-informed drug development is that integration of 
models becomes routine in drug development. What re-
mains critical is the acute ability to anticipate and define 
the “key questions,” which can only become meaningful 
through cross-functional conversations and collaborations. 
Furthermore, concerted efforts between regulators and 
drug developers can play a critical role in facilitating the 
use of QCP approaches to enhance the efficiency of drug 
development and to help design drugs with a better benefit/
risk profile. The recent Model-Informed Drug Development 
regulatory initiative offers the opportunity for our QCP 
community (sponsor and regulatory) to utilize the outlined 
perspectives and opportunities to optimize the develop-
ment of these complex agents.
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