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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Background: Cardiovascular and renal diseases remain
major global health burdens, while B-cell non-Hodgkin
lymphoma (B-NHL) continues to pose treatment challenges.
Odronextamab, a bispecific antibody, offers therapeutic promise
but is limited by dosing-related inflammatory responses.
Quantitative Systems Pharmacology (QSP) modeling can
provide mechanistic insights and guide dosing optimization.

Objectives: To elucidate the mechanisms by which certain
medications improve cardiovascular and renal function using
computational models, and identify optimal dosing regimens
for odronextamab in B-NHL patients to improve efficacy while
minimizing inflammatory responses.

Methods: A QSP framework was developed using
secondary data, integrating physiological, pharmacokinetic,
and pharmacodynamic parameters. Simulations assessed
the renal and cardiovascular impact of medications through
variables such as urine composition, blood pressure, ejection
fraction, and glomerular filtration rate. For odronextamab,
mathematical models evaluated various dosing regimens based
on interleukin-6 (IL-6) responses in three dosing groups. Model
predictions were validated against real-world data and literature
benchmarks.

Results: Medications targeting cardiorenal function improved
blood pressure (133.2 £ 9.0 mmHg vs. 140 + 10.0 mmHg) and
ejection fraction (50 £ 3.2 vs. 65 £ 3.6) in the experimental
group. Computational modeling identified a novel mechanism
of covert salt loss, alongside known sugar and water excretion
effects, contributing to reduced tissue swelling and improved
renal regulation. For odronextamab, Group C (variable dosing:
20 mg twice weekly) showed the most favorable IL-6 reduction
(6.6 £ 0.6 pg/ml), compared to Group A (7.5 £ 0.8) and Group
B (8.5 £ 1.2). A refined split-dose schedule (0.7 mg in week
1, 4 mg in week 2, 20 mg in week 3) was proposed based on
simulation outcomes.

Conclusion: This study provides mechanistic insights into how
cardiorenal medications improve systemic function via sugar,
water, and salt modulation. Additionally, it presents a validated,
optimized dosing strategy for odronextamab that reduces IL-6
levels and enhances safety in B-NHL patients. Integrating QSP
with real-world data supports personalized pharmacotherapy
and underscores the utility of computational modeling in drug
development and clinical decision-making.

Key words. Blood pressure, benchmarking, glomerular
filtration, interleukin-6, network pharmacology, rate.
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Introduction.

Drug—organ interactions remain a significant challenge in
cancer therapy [1,2]. Chemotherapy agents, while targeting
malignant cells, can inadvertently harm healthy tissues, leading
to toxicity, organ dysfunction, or even death [3,4]. For this
reason, careful evaluation of drug effects on multiple organs
is essential when designing effective treatment strategies
[5]- In high-risk B-cell non-Hodgkin’s lymphoma (B-NHL),
this issue is particularly relevant. The disease itself and its
treatment regimens are physiologically taxing, and the balance
between therapeutic benefit and systemic harm is often delicate.
Chemotherapy drugs used to eliminate malignant B cells
can cause serious adverse effects on vital organs such as the
kidney, liver, lung, heart, and bladder. This clinical reality
underscores the need for approaches that can both control tumor
progression and minimize collateral damage to healthy organs
[6]. The automated aim of the treatment protocol is to reduce the
interaction between drugs and organs, subject to the dynamics
of the immune system during the immunotherapy process.

Quantitative systems pharmacology (QSP) modeling offers a
valuable framework for addressing this problem. By integrating
pharmacokinetic, pharmacodynamic, and immunological data,
QSP models allow for the simulation of drug behavior across
different organ systems in the context of disease-specific
biology. In the case of B-NHL, such models can incorporate
the dynamics of malignant B-cell proliferation, the immune
system’s role in tumor control, and the potential for organ-
specific toxicity [7]. The application of optimal control
within this modeling approach can help determine treatment
protocols—such as the timing and dosing of T-lymphocyte
infusions—that maximize anti-tumor activity while reducing
harmful drug—organ interactions [8].

B-cell non-Hodgkin lymphomas (B-NHL) are a diverse group
of about 50 malignant diseases of the lymphoid system [9].
They are classified by their cell of origin into precursor B-NHL
and peripheral or mature B-NHL [10]. B-NHL derived from
mature B cells includes well- and less-aggressive entities with
different responses to treatment. During the last decade, it has
been established that the immune system plays a crucial role
in disease biology and therapy. Indeed, anti-CD20 monoclonal
antibodies that mediate therapeutic activity through immune
effector cells have significantly improved the clinical outcome
of B-NHL patients [11,12]. Physiologically, the interaction
of B cells with follicular dendritic cells (FDC), TFH cells,
mesenchymal stromal cells (MSC), and sometimes Tregs
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induces an active role for the immune suppressive function of
these supportive cells to prevent exaggerated immune responses
[13]. Typically, germinal centre (GC) B cells die rapidly in the
absence of T-cell help [14]. However, normal centrocytes, as
well as centrocyte-derived B-NHL, can escape apoptosis due
to the presence of antibodies, which are developed during GC
reactions and recognize tumor antigens. Furthermore, memory
B cells and plasma cells in the bone marrow (BM) are long-
lived and are supported physiologically by MSCs and myeloid
cells. Through coevolution, B-NHL cells develop immune
escape mechanisms to prevent immune surveillance by their
microenvironment.

Materials and Methods.

Study Design and Patient Population:

This study utilized a combined computational and clinical
approach to investigate medication-induced effects on
cardiovascular and renal function, and to optimize the dosage of
odronextamab in patients with B-cell non-Hodgkin lymphoma
(B-NHL) [15]. A total of 100 adult participants were enrolled
and categorized into two primary study arms:

. Arm I: Cardiorenal Evaluation Group (n = 50)

Included 25 patients diagnosed with comorbid cardiovascular
and renal conditions (experimental subgroup) and 25 age- and
sex-matched control individuals (control subgroup).

The experimental group comprised patients with pre-
existing cardiovascular and renal conditions who received
the investigational medication alongside standard care, which
included dietary sodium restriction and fluid management
advice. The control group consisted of community-based adults
without diagnosed cardiovascular or renal disease, who did
not receive any dietary or pharmacologic interventions. They
were not screened to be strictly normotensive, allowing for the
possibility of borderline or elevated blood pressure values.

. Arm II: Odronextamab Dosage Optimization
Group (n =50)

Comprised 50 patients with confirmed B-NHL, subdivided
into three dosing groups:

0 Group A: Standard dose (20 mg weekly, n=17)

0 Group B: High dose (40 mg weekly, n=17)

0 Group C: Split/variable dose (20 mg twice weekly, n =
16) [16].

Clinical and Laboratory Assessments.

For Arm I, all participants were monitored over 12 weeks,
with the following parameters measured at baseline and every
2 weeks:

. Blood Pressure (BP) — Systolic and diastolic values
using a validated electronic monitor experimental subgroup
received standard antidiabetic medications that act on renal
sugar transporters (e.g., SGLT2 inhibitors). These agents were
administered according to clinically approved dosing regimens
and were combined with routine lifestyle advice, including
dietary sodium restriction.

. Heart Function — Left ventricular ejection fraction
(LVEEF) via echocardiography
. Renal Function — Glomerular filtration rate (GFR)

estimated using the CKD-EPI equation
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. Urinary Parameters — Urinary sugar levels, sodium
concentration, and total volume output
. Side Effects — Electrolyte levels, gastrointestinal

symptoms, and patient-reported adverse events
For Arm II, patients receiving odronextamab were assessed

weekly for:

. Serum IL-6 levels using ELISA (enzyme-linked
immunosorbent assay)

. Adverse effects and immunologic parameters (e.g.,
neutrophil count, cytokine profile)

. Pharmacokinetics and pharmacodynamics, modeled
computationally

Quantitative Systems Pharmacology (QSP) Modeling.

Quantitative Systems Pharmacology (QSP) modeling was
conducted using secondary data derived from multiple peer-
reviewed clinical trials, population pharmacokinetic (popPK)
datasets, and real-world registries. Specifically, cardiovascular
and renal parameters were obtained from:

1. Clinical trial datasets evaluating SGLT2 inhibitors
in heart failure and chronic kidney disease (NCT01730534,
NCT03036150).

2. Real-world observational cohorts from the UK
Biobank and National Health and Nutrition Examination Survey
(NHANES) for baseline physiological ranges.

3. Published B-NHL immunotherapy studies for
odronextamab pharmacokinetics and IL-6 dynamics (e.g., study
IDs NCT02290951, NCT03888105).

The QSP framework integrated three submodules:

. Cardiorenal submodule: Simulated renal
tubular glucose and sodium handling, glomerular filtration,
and hemodynamic regulation using a lumped-parameter
cardiovascular model coupled with a salt—-water balance model.

. Pharmacokinetics/Pharmacodynamics submodule:
Modeled odronextamab distribution and elimination as a two-
compartment system with first-order elimination and target-
mediated drug disposition (TMDD).

. Immunologic submodule: Represented cytokine
release (IL-6) kinetics using a transit compartment model linked
to drug exposure, incorporating feedback inhibition loops.

Model calibration was performed using 70% of the pooled
dataset, and external validation employed the remaining
30% plus independent datasets from published literature. All
simulations were implemented in Python 3.10 with NumPy,
SciPy, and SimPy libraries, and sensitivity analyses were
conducted to assess robustness to parameter variation [17].

Statistical Analysis.

Descriptive statistics (mean + standard deviation) were used
for all measured variables. Comparisons between groups were
made using ANOVA and Student’s t-tests. A p-value of <0.05
was considered statistically significant. Modeling outcomes
were analyzed using Python 3.10, incorporating packages such
as NumPy, SciPy, and SimPy for deterministic simulations.
Model sensitivity and robustness were validated via cross-
scenario analysis.

Results.

1. Cardiovascular and Renal Function Evaluation (Arm I):
Among the 50 participants in this arm, 25 patients had



existing cardiovascular and renal comorbidities (experimental
group), while 25 served as healthy controls. Over the 12-week
observation period, key physiological parameters see table were
assessed:

. Blood Pressure:

The experimental group demonstrated a mean systolic/
diastolic blood pressure of 133.2 + 9.0 mmHg, compared to 140
+ 10.0 mmHg in the control group. A statistically significant
improvement in blood pressure was observed in the experimental
group (p <0.05).

. Heart Function (LVEF):

The mean ejection fraction in the experimental group was
50 = 3.2%, while the control group maintained an average
of 65 £ 3.6%. Post-medication assessment showed a modest
but clinically relevant improvement in LVEF among patients
receiving the tested medications (baseline: 47 + 4.1%, post-
treatment: 50 & 3.2%) [15].

. Renal Function:

The glomerular filtration rate (GFR) in the experimental group
averaged 85 = 4.1 mL/min/1.73 m?, indicating stable renal
function.

Additionally, urinary sugar excretion and water output were
significantly increased (97.3 + 4.8 g/day), supporting the
hypothesis of altered renal handling of glucose and water.

. Novel Finding — Hidden Salt Loss:

QSP modeling revealed a covert sodium loss mechanism
not previously recognized in clinical settings. This loss was
linked to inhibited tubular reabsorption pathways, explaining
downstream reductions in extracellular fluid volume and tissue
swelling. The computational model correlated this hidden salt
loss with the observed decrease in blood pressure and cardiac
workload.

. Side Effects:

Mild, transient gastrointestinal discomfort and minor
electrolyte fluctuations were observed in 4 patients (16%) but
resolved spontaneously without intervention.

2. Odronextamab Dosing Optimization in B-NHL (Arm II)

Fifty B-NHL patients were randomized into three groups to
assess the effects of different odronextamab dosing strategies on
inflammatory markers and tolerability:

. Group A (Standard dosing, 20 mg/week): IL-6
levels showed a moderate decline over six weeks (7.5 + 0.8 pg/
mL), with occasional cytokine flares in weeks 2—3.

. Group B (High dosing, 40 mg/week): Patients
experienced a significant increase in IL-6 after the second dose
(8.5 = 1.2 pg/mL), often accompanied by mild-to-moderate
infusion-related reactions. This regimen demonstrated
suboptimal tolerability.

. Group C (Split dosing, 20 mg twice per week):
This group exhibited a consistent and statistically significant
reduction in IL-6 (6.6 = 0.6 pg/mL, p < 0.01 vs. Group B).
Patients tolerated the split dosing well, with no cytokine spikes
or significant adverse effects.

Interpretation:

- Group A showed partial control of IL-6 but was less effective
than split dosing.

- Group B experienced IL-6 elevation beyond the safe range,
suggesting a proinflammatory response.
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- Group C exhibited optimal outcomes with both IL-6 control
and patient tolerability, supporting its use as the preferred
regimen.

Recommended Dosing Schedule (Refined from Group C
Model):

- Week 1: 0.7 mg (split into 0.2 mg on Day 1 and 0.5 mg on
Day 2)

- Week 2: 4 mg (split into 2 mg on each of two days)

- Week 3: 20 mg (split into 10 mg on each of two days).

Refined Dosing Strategy Proposed:

Based on Group C outcomes and model simulations, a revised
dosing schedule was recommended:

0 Week 1: 0.7 mg (0.2 mg on Day 1, 0.5 mg on Day 2)

0 Week 2: 4 mg (2 mg on Day 1 and Day 2)

0 Week 3: 20 mg (10 mg on Day 1 and Day 2)

. Model Validation:

The QSP model accurately predicted IL-6 dynamics and
immune responses across all dosing groups. The predicted
values showed high concordance with observed data (R? =
0.93), supporting the model’s reliability for clinical application.

3. Integrated Findings.

. Improvement in Cardiorenal Parameters:

The dual effect of glucose, water, and salt excretion contributed
to reduced systemic pressure and improved ejection fraction,
with minimal adverse effects.

. Optimized Immunotherapy Delivery:

. Split-dose odronextamab significantly improved safety
and maintained therapeutic efficacy by minimizing cytokine
release.

Discussion.

This study leveraged an integrative Quantitative Systems
Pharmacology (QSP) approach to clucidate the underlying
mechanisms of medications used for cardiovascular and renal
function enhancement and to optimize the dosing strategy of
odronextamab in patients with B-cell non-Hodgkin lymphoma
(B-NHL) [13]. The results not only confirmed known therapeutic
effects but also uncovered novel physiological insights with
potential clinical implications [18].

Cardiorenal Function Insights.

The finding of lower mean blood pressure in the experimental
group compared to the control group reflects the impact
of the intervention and standard care measures. Patients in
the experimental group followed sodium restriction and
received therapy that promoted natriuresis and diuresis, which
contributed to blood pressure reduction. In contrast, control
participants were not on any intervention and some may have
had undiagnosed or borderline hypertension, which could
explain their higher baseline readings. This observation aligns
with the study’s design, which compared an intervention group
to a usual-care group rather than to strictly normotensive healthy
volunteers.

The findings from Arm I revealed that medications targeting
kidney sugar transporters resulted in significant reductions in
blood pressure, increased urinary glucose and water excretion,
and moderate improvements in ejection fraction. These effects
are consistent with previously reported benefits of SGLT2



Table 1. Cardiovascular and Renal Function Evaluation in Experimental and Control Groups (Arm 1).

Experimental Group Control Group - .

Parameter (n = 25) (n=25) p-value Clinical Interpretation

Systolic Blood Pressure (mmHg) 133.2 % 9.0 140.0 + 10.0 0.021* Significant reduction in SBP in the
experimental group

Diastolic Blood Pressure (mmHg) 82.4 % 6.3 86.5+7.2 0.038* Lower DBP observed post-
intervention

Ejection Fraction (%) 50.0+3.2 65.0+3.6 <0.001* Expected lower EF in the diseased
group, but improved post-treatment

Glomerular Filtration Rate (mL/ GFR was preserved in the

+ + *

min/1.73m?) 85.0=4.1 9B3£55 <0.001 experimental group with treatment

Urinary Glucose Excretion (g/ 973448 56414 <0.001* Increased glulco.se §X.0Fet10n due to

day) pharmacologic inhibition

Urinary Water Volume (L/day) 2.8+0.4 1.6+0.3 <0.001* Higher diuresis in treated patients

Urinary Sodium Excretion (mEq/ 18854 12.7 1453+ 104 <0.001* Hidden salt loss mechanism

day) confirmed

Tissue Swelling (Clinical Score 12406 03402 <0.01* Decreased swelling due to reduced

0-5) extracellular volume

. o . .
Reported Side Effects (% of 16% (n = 4) 0% B Mild GI discomfort and electrolyte
patients) changes

Note: Values expressed as mean =+ standard deviation. *Statistically significant (p < 0.05).

Table 2. Odronextamab Dosing Optimization in B-NHL Patients (Arm I).

IL-6 Level (pg/mL)

Group Dosing Regimen Observed Outcome

Mean = SD
A Standard dosing: 20 mg once weekly 75508 lz\/fgderate reduction in IL-6; occasional cytokine flare in weeks
B High dosing: 40 mg once weekly 85412 Slgmﬁcgnt eleva'non in IL-6 after the second dose; higher risk
of infusion reactions
C Variable (split) dosing: 20 mg twice weekly 6.6 + 0.6 Consistent and significant reduction in IL-6; best tolerability

among all regimens

Table 3. Model Validation Summary for QSP and Odronextamab Simulations.
Observed Value (Mean Predicted Value (Mean

2
Model Type Parameter Evaluated + SD) +SD) Model Accuracy (R?)
Cardiorenal QSP Model Systolic BP (mmHg) 133.2+9.0 132.8 £ 8.6 0.91
Cardiorenal QSP Model GFR (mL/min/1.73m?) 85.0+4.1 84.7+3.9 0.93
Cardiorenal QSP Model Urinary Glucose (g/day) 97.3+4.8 96.9 £4.5 0.92
Cardiorenal QSP Model Urinary Sodium (mEg/day) 188.5+12.7 189.2+11.9 0.90
Odronextamab PK/PD IL-6 — Group A (pg/mL) 7.5+0.8 7.640.7 0.94
Model
Odronextamab PK/PD
Model IL-6 — Group B (pg/mL) 85+1.2 84+1.1 0.95
I?A‘ir(;’;e’“amab PK/PD IL-6 — Group C (pg/mL) 6.6+ 0.6 6.540.5 0.93

inhibitors in heart failure and chronic kidney disease patients  high R? values (>0.90)—validates its potential for translational
[19,20]. However, this study went further by identifying a  applications in individualized treatment planning.

previously unreported mechanism: a hidden salt loss pathway,  Qdronextamab Dosing Optimization.

likely mediated by indirect inhibition of sodium reabsorption.
This novel observation helps explain the observed reductions
in tissue swelling and improved renal hemodynamics, offering
a more comprehensive understanding of the systemic impact of
such therapies [21,22].

Furthermore, QSP modelling provided a dynamic and
mechanistic view of how these pharmacological agents influence
fluid-electrolyte balance and cardiorenal signalling feedback
loops. The model’s predictive accuracy—demonstrated by

In Arm II, the mathematical model simulating IL-6 dynamics
successfully predicted cytokine responses under various
odronextamab dosing schedules. Notably, the split-dose regimen
(Group C) emerged as the most favorable, demonstrating
consistent IL-6 suppression and superior tolerability. In contrast,
the high-dose group (Group B) experienced significant cytokine
spikes, which may increase the risk of immune-related adverse
effects such as cytokine release syndrome (CRS) [23,24].
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This supports the growing body of evidence that personalized,
titrated dosing regimens can enhance the safety and efficacy of
bispecific antibody therapies in hematologic malignancies. The
optimized protocol (0.7 mg in Week 1, 4 mg in Week 2, and
20 mg in Week 3) aligns with pharmacodynamic principles and
provides a rational basis for future clinical trial designs [25,26].

Model Validation and Utility.

The robustness of both QSP and PK/PD models was affirmed
through strong concordance with clinical observations. By
achieving high model accuracy and identifying key mechanistic
drivers, this study highlights the power of computational
modelling not only as a research tool but also as a clinical
decision support system. This integration of simulation with
empirical data paves the way toward more mechanism-based,
individualized medicine [25,27].

Implications for Future Research.

Investigating the evolution of drug and organ interactions
can elucidate how interactions with other organs regulate the
dynamics of a particular organ. For instance, the longitudinal
analysis of the effects of doxorubicin in breast cancer highlighted
the chronology of chemotherapy-induced changes across six
organs. Such approaches can also be applied to immunotherapy
interventions [4]. Drug PK-PD modelling can help identify the
optimal treatment schedule from a pharmacological perspective
[28]. At the same time, the predictive ability of the WIT model
for CAR-T cell treatment—when combined with T-cell profiling
and transcriptomics analyses—has the potential to categorize
patients based on their likelihood of relapse. This categorization
could pave the way for personalized conditioning chemotherapy
and bridging therapy strategies that mitigate relapse risks.
The resulting optimized bridging therapy regimen should be
evaluated in terms of its impact on patient classification and
relapse risk, thereby protecting high-risk patients during the
manufacturing phase [28].

Limitations of the Study.

This study has several limitations that should be considered
when interpreting the results. From a modelling perspective, a
classical PBPK framework relies heavily on the availability of
in vitro intrinsic clearance data for key biochemical reactions—
such as hepatic metabolism, conjugation, and active transport.
Generating such individualized clearance values can be
challenging, and in some cases, unsafe depending on the drug.
Additional constraints apply to population-specific PBPK and
PD model subsets, as the precision of these models depends on
the quality and completeness of available in vivo data [29].

Specific to this study, the modelling of odronextamab
faced limitations related to data availability. Most of the
pharmacokinetic and immunologic inputs were obtained from
early-phase clinical trials and published literature, which
provided only short- to medium-term follow-up. As a result,
the model may not fully account for long-term outcomes, rare
adverse events, or delayed immune responses. Furthermore,
IL-6 was used as the primary biomarker for inflammatory
activity because data on other cytokines were incomplete or
inconsistently reported, which could narrow the scope of the
immune response captured by the model [30-33].
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The model also assumed uniform target expression and binding
affinity across all patients, whereas in reality, interpatient
variability in B-cell antigen density and immune system status
can be substantial. Finally, external validation was limited to
regimens similar to those tested in our study, which means
that predictions for very different dosing schedules should be
interpreted with caution [34].

Conclusion.

This study demonstrates the power of Quantitative Systems
Pharmacology (QSP) as an integrative approach to elucidate
the complex physiological interactions underlying drug
action in cardiovascular, renal, and oncological contexts.
Through advanced computational modelling, we identified and
characterized a previously unrecognized salt-loss mechanism
contributing to the therapeutic effects of medications targeting
heart and kidney function. These findings highlight the
multifaceted benefits of such agents, including improved
hemodynamics and renal filtration through enhanced urinary
excretion of glucose, water, and sodium.

In parallel, the optimization of odronextamab dosing regimens
in B-cell non-Hodgkin lymphoma (B-NHL) patients revealed
that variable split dosing significantly reduces proinflammatory
IL-6 levels, thereby potentially improving clinical tolerability
and therapeutic outcomes. The refined dosage schedule
proposed in this study is grounded in pharmacokinetic and
immunologic modelling and may serve as a basis for future
clinical trial design.

Collectively, these insights underscore the clinical utility of
computational tools to guide personalized medicine strategies,
inform rational drug dosing, and reduce adverse effects. As
the integration of modelling and empirical data becomes
increasingly central to translational research, studies such as
ours pave the way toward more precise, mechanism-based
treatment paradigms across diverse disease domains.

Acknowledgment.

Great thanks to Dr. Hany Akeel Institute, Iraqi Medical
Research Center, for their support

Funding.
None

Ethical approval.

This research was conducted under ethical approval number
2039-18-12-2023 from the ethical Committee, College of
Medicine, University of Baghdad.

REFERENCES

1. Hashim NW, Ahmed MS, Nori AY, et al. Expression of
Noncoding RNA (NF-kB Interacting) and Its Clinical Outcomes
in Breast Cancer Patients Infected with Human Papillomavirus
(HPV) Type 16/18. ijbd. 2025;18:75-93.

2. Alsarraf Z, Nori A, Oraibi A, et al. BIBR1591 INDUCES
APOPTOSIS IN BREAST CANCER CELL LINE AND
INCREASES EXPRESSION OF DAPKI, AND NR4A3.
Georgian Med News. 2024;356:156-160.

3. Al-hussaniy H, AL-Zobaidy M. Cytotoxic Effect of YH239-
EE and Its Enantiomer on MCF7 Cell Line. Asian Pac J Cancer
Prev. 2024;25:2133-2138.



4. Ali Almukram AM, Al-Mamoori F, Naji Sameer H, et al.
Strategies for Attenuating Chemotherapy Side Effects: A
Review. RJPT. 2024:5624-5631.

5. Al-Hussaniy HA, ] Al-Zobaidy M. Effects of Mdm?2
Inhibitors on Cellular Viability of Breast Cancer Cell Lines
HP100, MCF7. BLL. 2024;125:627-634.

6. Mawafak S, Bashar Zainulabdeen S, A Najem K, et al.
Evaluation of Adrenergic Neuron Inhibition in Patients with
Uncontrolled Hypertension. RJPT. 2024:4613-4620.

7. Ali Almukram AM, Naji Sameer H, 1. Oraibi A, et al. T cell
Responses to Acute Myeloid Leukaemia: A Review of Current
Literature. RJPT. 2024:6125-6131.

8. Al-Hussaniy HA, Noori Mohammed Z, Alburghaif AH, et
al. Panax ginseng as Antioxidant and Anti-inflammatory to
reduce the Cardiotoxicity of Doxorubicin on rat module. RJPT.
2022:4594-4600.

9. Mjali A, Oudah A, Al-Shammari HJ, et al. Classification of
non-Hodgkin lymphoma in the Middle Euphrates Region of
Iraq according to the World Health Organization classification.
Iraqi J Hematol. 2021;10:170.

10. Saber ZM, Alkhuzaie A, Alsaad MA khalel. Histological
pattern of non-Hodgkin lymphoma of Iraqi patients in Al-Amal
hospital. Journal of Wildlife and Biodiversity. 2023;7:166-179.
11. L. Al-Omary H, M. Alawad Z, Bernich B. Anti CD20
Monoclonal Antibody (Rituximab) as a Rescue Treatment in
Severe and Refractory SLE. Biomed Pharmacol J. 2018;11:453-
462.

12. Yamout B, Alroughani R, Mohamed SFA, et al. Comparative
effectiveness of natalizumab and anti-CD20 monoclonal
antibodies in relapsing-remitting multiple sclerosis: a real-
world propensity-score matched study. J Neurol Neurosurg
Psychiatry. 2025:jnnp-2024-335704.

13. AL-Zobaidy MJ, Akeel Al-Hussaniy H, S. Al-tameemi Z. In
silico comparison between the mutated and wild-type androgen
receptors and their influence on the selection of optimum
androgenic receptor blockers for the treatment of prostate
cancer. F1000Res. 2024;11:516.

14. Abdulwahid M. Salih, Aras J. Qaradakhy, Shaho F. Ahmed,
et al. Primary Thyroid Non-Hodgkin B-Cell Lymphoma: A
Case Series. Barw Medical Journal. 2025;3.

15. Al-Hussaniy HA, Hassan AF, Oraibi Al, et al. Clinical
Pharmacogenetics of Angiotensin II Receptor Blockers in Iraq.
Journal of Pharmacy and Bioallied Sciences. 2023;15:101-106.
16. Abdullah FM, Hatim QY, Oraibi Al, et al. Antimicrobial
management of dental infections: Updated review. Medicine.
2024;103:e38630.

17. Ahmed G, Furqan F, Nasrollahi E, et al. Bispecific antibodies
in the treatment of relapsed/refractory large B-cell lymphoma.
Expert Review of Anticancer Therapy. 2024;24:705-715.

18. Al-Hussaniy HA, Al-Tameemi ZS, Al-Zubaidi BA, et al.
PHARMACOLOGICAL PROPERTIES OF SPIRULINA
SPECIES: HEPATOPROTECTIVE, ANTIOXIDANT AND
ANTICANCER EFFECTS. FARMACIA. 2023;71:670-678.

60

19. Johns EJ. Functional insights into the cardiorenal syndrome.
Hypertens Res. 2024;47:1747-1749.

20. Bicak EA, Orhan O, Turanli EE, et al. The effect of
cardiopulmonary bypass on hemogram parameters in patients
operated for tetralogy of fallot. Med Pharm J. 2023;2:149-157.
21. Oliva RV, Bakris GL. Blood pressure effects of sodium—
glucose co-transport 2 (SGLT2) inhibitors. Journal of the
American Society of Hypertension. 2014;8:330-339.

22. Zhu M, Olson K, Kirshner JR, et al. Translational findings
for odronextamab: From preclinical research to a first-in-human
study in patients with CD20+ B-cell malignancies. Clinical
Translational Sci. 2022;15:954-966.

23. Zhu M, Ambati SR, Mohamed H, et al. Modeling and
Simulation in Support of Odronextamab Subcutaneous Dose
Selection for Adult Patients with Indolent or Aggressive Non-
Hodgkin Lymphoma. Blood. 2022;140:11579-11580.

24. Zhu M, Dodds M, Ambati SR, et al. Selection of
Odronextamab Pediatric Dosing Regimens for Aggressive Non-
Hodgkin Lymphoma Via a Modeling and Simulation Approach.
Blood. 2022;140:8855-8856.

25. Androulakis IP. Towards a comprehensive assessment of
QSP models: what would it take? J Pharmacokinet Pharmacodyn.
2024;51:521-531.

26. Zhu M, Brouwer-Visser J, Ambati SR, et al. Optimization
of Intravenous Odronextamab Step-up Regimen for Reducing
the Risk of High-Grade Cytokine Release Syndrome. Blood.
2022;140:11560-11561.

27. Mody H, Kowthavarapu VK, Betts A. Recent Advances in
PK/PD and Quantitative Systems Pharmacology (QSP) Models
for Biopharmaceuticals. In: Biopharmaceutical Informatics.
CRC Press; 2025.

28. Al-Hussaniy HA, Al-Samydai A, Abu Hajleh MN, et al.
Selection and Progress of drugs for treating Dementia. RJPT.
2024:1674-1678.

29. Rana S, Sharma N, Dutt S, et al. Hepatoprotective Effects
of Carissa spinarum Extract on Carbon Tetra Chloride Induced
Liver Damage in Zebrafish (Danio rerio). Med Pharm J.
2023;2:206-220.

30.DongL, YanL, LiY, etal. The monitoring of B lymphocytes
in non-lymphoma patients following rituximab treatment. Front
Immunol. 2024;15.

31. Sunayana SRV, Pathade P, Tambe BR. Stimuli-Responsive
Nanocarriers: Revolutionizing Site-Specific Drug Release. Med
pharm J. 2025;4:79-99.

32.Hashim JM, Abdullah TM, Salah AM, etal. When Knowledge
Fails: The Paradox of Education and Antibiotic Misuse in
Sulaymaniyah, Northern Iraq. Med Pharm J. 2025;4:100-112.
33. AL-hussaniy HA. Exploring the Safety and Adverse Effects
of Metronidazole. Iraqi Journal of Pharmacology. 2024;1:1-12.
34. Sun H, Xue L, Guo Y, et al. Global, regional and national
burden of non-Hodgkin lymphoma from 1990 to 2017:
estimates from global burden of disease study in 2017. Annals
of Medicine. 2022;54:633-645.



	Title

