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Abstract

Background: Cancer immunotherapy has emerged as a transformative approach for treating various malignancies, including
melanoma, lung cancer, breast cancer, and leukemia. Animal models have been instrumental in elucidating the mechanisms and
potential of these therapies. However, graft-versus-host disease (GVHD) is an inherent challenge in these studies, primarily because
the introduction of foreign immune cells or tissues often triggers immune responses.

Methods: A detailed systematic search was conducted across various scientific databases, including PubMed, Scopus, Embase,
and Web of Science. The search aimed to identify peer-reviewed articles published in English from January 2000 to September
2023. Keywords and phrases used in the search included “Graft-versus-Host Disease”, “GVHD”, “animal models”, “cancer
immunotherapy”, and combinations thereof. Boolean operators (AND/OR) were employed to refine the search. Finally, 6 articles
were included in this systematic review, which is registered on PROSPERO (ID number CRD42024488544).

Results: Our systematic review identified several mechanisms employed in animal studies to mitigate the confounding effects of
GVHD. These included genetically modified mouse models, immunosuppressive drugs, and humanized mice. Furthermore, the
review highlights innovative approaches such as selective T-cell depletion and the use of specific cytokine inhibitors.
Conclusion: By systematically identifying and mitigating the confounding effects of GVHD, we can significantly improve the
predictive validity of preclinical trials, obtain broadly applicable findings, improve the efficiency of drugs, enhance safety profiling,
and develop better therapeutic strategies. This approach is crucial in ensuring that the immunotherapeutic strategies developed
in the laboratory are reflective of the human physiological response, thereby bridging a critical translational gap in oncological

research.
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Introduction

In the past few years, there has been an increasing
demand to comprehend the connections between cancer
progression and the immune system, leading to the
initiation of fresh investigations. Notably, endeavors to
stimulate the immune system and devise corresponding
treatments to attain potent antitumor reactions have
gained momentum.'

The utilization of cancer immunotherapy as a novel
therapeutic approach for the management of diverse
malignancies has garnered noteworthy attention.
This article outlines a variety of therapeutic strategies,
encompassing immune checkpoint inhibitors (ICI),
adoptive cell transfer (ACT), and cancer vaccines.” The use
of animal models, particularly murine models, has played
a critical role in the progression and evaluation of cancer
immunotherapies. These models have provided crucial
insights into the mechanisms of action and potential
negative consequences of the mentioned treatments.’

Graft-versus-host disease (GVHD) is a major

complication associated with allogeneic hematopoietic
stem cell transplantation. The aforementioned complexity
presents a significant confounding factor in animal models
utilized for cancer immunotherapy, thereby acting as a
variable that can potentially distort results. GVHD is a
pathological condition characterized by the identification
and subsequent attack of host tissues by immune cells
derived from the donor. This leads to inflammation and
the damage to multiple organs.* The presence of GVHD
in animal models has the potential to pose challenges in
the evaluation of immunotherapy outcomes, as it may
contribute to the observed anti-tumor effects or cause
unintended toxicities.’

Thus, effectively addressing GVHD in research is
not just a methodological consideration but a strategic
imperative that could significantly shape the future of
cancer treatment. GVHD can significantly impact the
interpretation of immunotherapy outcomes in preclinical
studies, potentially obscuring the true efficacy and
safety of novel treatments. By developing strategies to
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minimize or eliminate GVHD, researchers can ensure
that the results obtained from animal models are more
accurately reflective of the potential human response.
This is essential for the progression of immunotherapies
from the laboratory to clinical trials, ultimately leading
to the development of more effective and safer cancer
treatments.

The objective of this systematic review is to evaluate the
existing literature pertaining to the confounding role of
GVHD in animal models of cancer immunotherapy.

The focus of the review will be on diverse categories of
immunotherapies and the associated challenges. These
include checkpoint inhibitors, which block proteins that
prevent the immune system from attacking cancer cells,
chimeric antigen receptor (CAR) T-cell therapy, involving
genetically engineered T-cells to better recognize and
attack cancer cells, and cancer vaccines designed to elicit
an immune response against specific cancer antigens. The
other categories are oncolytic viruses that selectively infect
and destroy tumor cells while stimulating an immune
response and ACT, which boosts natural cancer-fighting
cells in the immune system. Each of these therapies has
shown promise in preclinical studies, utilizing a range
of animal models to investigate their efficacy, safety, and
mechanisms of action, paving the way for clinical trials
and the development of new cancer treatments.

Moreover, this paper examines prospective approaches
addressing GVHD in animal models in order to enhance
the reliability and precision of preclinical research on
cancer immunotherapy.

Materials and Methods

Search Strategy

A comprehensive literature search was conducted
in PubMed, Scopus, Embase, and Web of Science
databases using several search terms, such as “cancer
immunotherapy”, “animal models”, “graft-versus-host
disease”, “GVHD”, and “confounding role”. Original
research articles and reviews published in English from
January 2000 to September 2023 were included in this
review. However, studies were excluded if they focused
solely on human subjects or in vitro models and were
not published in English. Editorials, opinion articles,
case reports, and case series were excluded as well. Two
independent reviewers screened titles and abstracts for
eligibility, and any discrepancies were resolved through
discussion. This systematic review has been registered on
PROSPERO (ID number CRD42024488544).

Data Extraction and Quality Assessment

The data were extracted independently by two reviewers.
For each included study, we extracted the following
information: name of the author, year of publication,
animal model, cancer type, immunotherapy type, GVHD
impact on efficacy and safety, strategies to mitigate
GVHD, inclusion and exclusion criteria, advantages,

limitations, and key findings, for each study.

The methodological quality of each study was assessed
using the Systematic Review Centre for Laboratory
Animal Experimentation (SYRCLE).

Risk of Bias Assessment
The animal study design and reporting were evaluated by
employing the SYRCLE tool, which aims to identify and
disclose any potential bias in the animal studies that were
included in the analysis.®

Results

A total of 155 articles were obtained from our search.
Following a thorough evaluation process, 6 articles were
included in the final assessment (Figure 1).

GVHD is a significant confounding factor in preclinical
models of cancer immunotherapy, which has the capacity
to influence the analysis of empirical outcomes.”

The implementation of techniques to tackle GVHD in
the animal models of cancer immunotherapy encompasses
the utilization of syngeneic or humanized mouse models,
which may reduce the likelihood of alloreactivity, and
the creation of gene-edited universal immune cells that
manifest decreased alloreactivity.®’

Through the implementation of these methodologies,
scholars can enhance the precision and dependability
of preclinical investigations on cancer immunotherapy,
resulting in the development of more efficacious and
secure therapies for individuals.

The main findings of the systematic review, including
the types of immunotherapy, the animal models used, the
incidence of GVHD, and strategies to minimize GVHD
in the respective models, and the key references for each
immunotherapy type are provided in Table 1.

The present systematic review elucidates the difficulties
pertaining to GVHD in various kinds of cancer
immunotherapies and accentuates the significance of
carefully designed animal investigations to mitigate the
effects of GVHD.

Risk of Bias Evaluation

The SYRCLE tool was utilized to assess the bias risk in
this pre-clinical animal study (Table 2). Three out of
the six studies provided baseline characteristics of the
mice. However, the initial number of mice who received
transplants and the sample size calculations were not
clearly stated in all of the studies. Four out of the six
studies defined random allocation of animals in control
and experimental groups. Additionally, two studies
mentioned blinding through randomization or outcome
assessments. It was not evident that there was any
attrition bias in any of the studies, and all treated animals
were included in the final assessment. Table 3 presents
the assigned risk of bias for each statement in some of the
main studies.
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Table 1. The Main Findings of the Systematic Review, Including Immunotherapy,
GVHD in Respective Models, and Key References for Each Immunotherapy Type

the Applied Animal Models, the Incidence of GVHD, Strategies to Minimize

Immunotherapy Type Animal Models GVHD Incidence Strategies to Minimize GVHD References
Immune checkpoint Humanized mice and Moderate Humanized mouse models, careful selection of immune o1
inhibitors syngeneic mice checkpoint targets
Adoptive cell transfer Murine' model}s and High syngeneic or humanized mouse models, gene-edited universal |, ,
humanized mice immune cells
Cancer vaccines Murme_ model.s and Mk i [Hgh Syngeneic or autqlogous DCs, alternative antigen-presenting 2320
humanized mice cells, and humanized mouse models
Note. GVHD: Graft-versus-host disease; DC: Dendritic cells.
Table 2. The Application of the SYRCLE Tool for Risk of Bias in Preclinical Studies
Selection Bias Performance Bias Detection Bias Attrition Bias Reporting Bias Other
Study Sequence Baseline Allocation ~ Random . . Random Lo Incomplete Selective Other
. . . Blinding Outcome Blinding  Outcome Outcome Sources Of
Generation Characteristics Concealment Housing . .
Assessment Data Reporting Bias
Yan et al* o o ) o ° o ° o o o

Kanikarla Marie
et al?

Xing et al’!
Riesner et al®

Poirot et al*? o o o o

Koyama et al** o o o o

L] o L] o] o] o]

o o o o o o

Note. SYRCLE: Systematic Review Centre for Laboratory Animal Experimentation. Each study is depicted with different risk levels, including unclear risk (red

circles), low risk (white circles), and high risk (black circles).

Figure 1. The PRISMA Diagram lllustrating the Process of Identifying the Articles Included in the Analysis. Note. PRISMA: Preferred Reporting Items for

Systematic Reviews and Meta-Analyses

Graft-Versus-Host Disease in Animal Models of Immune
Checkpoint Inhibitors

ICIs are utilized to enhance anti-tumor immune responses
by targeting inhibitory receptors found on immune cells,
including cytotoxic T-lymphocyte-associated protein
4 (CTLA-4) and programmed cell death protein 1 (PD-
1).* The utilization of animal models has played a crucial
role in comprehending the mechanisms that underlie the
anti-tumor impacts of ICIs and predicting their clinical
efficacy.!” The emergence of GVHD in these models may

interfere with the comprehension of ICI efficiency and
adverse effects.*

Several studies have reported the occurrence of GVHD
in murine models of ICIs, specifically in the setting of
allogeneic hematopoietic stem cell transplantation.'>?
Blazar et al conducted a study that showed how CTLA-4
blockade led to increased severity of GVHD in a murine
model, thereby making it difficult to evaluate anti-tumor
responses.”” The aforementioned findings emphasize
the necessity of performing carefully planned animal

Arch Iran Med, Volume 27, Issue 3, March 2024 161



Table 3. Summary of Main Findings

Aspects Main Findings

1. Impact of GVHD on efficacy and - GVHD can enhance or attenuate antitumor responses, thus affecting the efficacy of cancer immunotherapies.***

safety of cancer immunotherapy

2. Limitations and challenges in
interpreting the results of animal

studies translatability of findings.*®

3. Strategies to mitigate GVHD in
animal models

- GvHD-associated toxicities can confound the evaluation of immunotherapy-related adverse events.?%3*

- GVHD can obscure the assessment of immunotherapy efficacy and safety.*
- Variability in GVHD incidence and severity across different animal models complicates the interpretation of study results.*®
- Animal models may not always accurately recapitulate the human immune system and tumor biology, limiting the

- Use of syngeneic models to reduce the risk of GVHD.®
- Administration of immunosuppressive agents to prevent or treat GvHD.?”

- Gene editing technologies, such as CRISPR/Cas9, to modify donor immune cells and reduce alloreactivity.*?

- Development of animal models with reduced GVHD incidence and severity, and better representation of the human

. . immune system and tumor biology.*
4. Insights into future research A 5Y

directions )
immunotherapy.*?

- Improved understanding of the mechanisms underlying GVHD and its impact on the efficacy and safety of cancer

- Implementation of more rigorous study designs and reporting standards in preclinical studies.*®

Note. GVHD: Graft-versus-host disease.

studies that consider the probable confounding impacts
of GVHD.

Graft-Versus-Host Disease in Animal Models of Adoptive
Cell Transfer

ACT entails the manipulation and ex vivo expansion
of immune cells, including CAR® T cells or tumor-
infiltrating lymphocytes (TILs), which are subsequently
administered to patients to elicit anti-tumor responses.*
The utilization of animal models has been of utmost
importance in the advancement and refinement of ACT
therapies. However, the issue of GVHD continues to pose
a significant challenge in these models.

GVHD has been observed in various animal models
of ACT, particularly in the context of allogeneic
T-cell transfer.!*** For example, a study by Berger et al
demonstrated that the transfer of allogeneic TILs led to
GVHD in a murine model, confounding the assessment
of the anti-tumor effects of ACT.'* Similar issues have
been reported in animal models of CAR T cell therapy,
where GVHD can arise from the use of allogeneic T cells
or the recognition of normal tissues by the infused CAR
T cells.'”®

One strategy to minimize GVHD in animal models of
ACT is the use of syngeneic or humanized mouse models,
which can reduce the risk of alloreactivity.'** Additionally,
the development of “off-the-shelf” universal CAR T cells
that have been gene-edited to reduce alloreactivity may
help address the issue of GVHD in preclinical models.”!

Graft-Versus-Host Disease in Animal Models of Cancer
Vaccines
Cancer vaccines aim to stimulate the immune system to
recognize and eliminate tumor cells by presenting tumor-
associated antigens to immune cells.”? Animal models
have been critical in the development and evaluation
of cancer vaccines, but GVHD remains a potential
confounding factor.

GVHD has been reported in animal models of cancer
vaccines, particularly when using allogeneic dendritic cells
(DCs) as antigen-presenting cells.*** For instance, a study

by Lutz et al revealed that the administration of allogeneic
DCs resulted in GVHD in a murine model, complicating
the interpretation of vaccine efficacy and safety.?

To minimize the risk of GVHD in animal models
of cancer vaccines, researchers can use syngeneic or
autologous DCs to present tumor antigens or employ
alternative antigen-presenting cells, such as macrophages
or B cells.”?® Additionally, the use of humanized mouse
models may help assess the safety and efficacy of cancer
vaccines more accurately in the absence of GVHD.”

Impact of Graft-Versus-Host Disease on Cancer
Immunotherapy Efficacy and Safety
GVHD has the potential to impact the effectiveness of
cancer immunotherapies by modifying the interactions
between immune cells and the tumor microenvironment.*
In a mouse model of melanoma, for instance, GVHD
was found to boost the anticancer effects of ICIs.***
Nevertheless, divergent outcomes have been documented
in alternative research, whereby GVHD has resulted in
diminished anti-neoplastic potency in some cases.”
Yanetalindicated thatitiscrucial tobegin byestablishing
patient-derived xenograft (PDX) tumors alongside
human immune cells to ensure precise immune editing.
Subsequently, PDX tumors can be expanded into a larger
group of humanized mice to assess therapy response. The
potential for toxicity and GVHD is significantly reduced
by following this approach. Moreover, this methodology
enables the conduction of preclinical studies involving the
combination of ICIs and targeted therapies. The findings
from such studies can then be utilized to inform clinical
trials and determine patient responses to therapy.®
GVHD has been observed to have an impact on the
safety of cancer immunotherapies, resulting in elevated
morbidity and mortality rates in animal models.” The
interpretation of immunotherapy-related adverse events
can be complicated by GVHD-associated toxicities,
which include immune dysregulation, inflammation,
and organ damage.** The determination of the true safety
profile of cancer immunotherapies is a challenging task in
preclinical studies.
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Discussion

Limitations and Challenges in Interpreting the Results of
Animal Studies

The occurrence of GVHD in animal models presents
several limitations and difficulties in the interpretation
of outcomes from studies into cancer immunotherapy.
GVHD has the potential to complicate the evaluation of
immunotherapy effectiveness due to its influence on the
tumor microenvironment and immune cell interactions,
which can either augment or diminish the anti-tumor
response.** The evaluation of immunotherapy-related
adverse events can be complicated by GVHD-associated
toxicities, thereby hindering the determination of the
actual safety profile of these therapies.* The interpretation
of study results is complicated by the variability in
GVHD incidence and severity observed in different
animal models, donor-host combinations, and treatment
regimens.*

In addition, it should be noted that the fidelity of the
human immune system and tumor biology may not
always be faithfully replicated by animal models, thereby
constraining the applicability of research outcomes to
clinical contexts.*® The utilization of mouse models that
have been humanized through the engraftment of human
immune cells and tumors represents a potential solution
to this constraint. However, it is important to note that
these models remain vulnerable to GVHD, as per previous
research.”

Xing et al revealed that the occurrence of GVHD in
the MyD88-/- mouse is contingent upon the activity
and growth of cells derived from the donor, specifically
CD11c+DCs, in the target organs affected by GVHD.
These findings highlight a novel function of host MyD88
in safeguarding against GVHD following allogeneic bone
marrow transplantation.’

Strategies to Mitigate Graft-Versus-Host Disease in
Animal Models

In animal models of cancer immunotherapy, several
techniques have been suggested to reduce GVHD. One
approach involves the utilization of syngeneic models,
wherein the donor and recipient animals are genetically
identical, thereby minimizing the likelihood of GVHD.**
Nonetheless, this approach may not be appropriate
for all categories of immunotherapeutic interventions,
particularly those that are dependent on allogeneic
immune responses.

An additional approach involves the wuse of
immunosuppressive agents for the prevention or
treatment of GVHD.?” The administration of these agents
may vary depending on the severity and location of
GVHD, with systemic or local routes being considered.
Although this method has demonstrated efficacy in
mitigating the severity of GVHD, it has the potential to
impede the antitumor effectiveness of immunotherapies
due to the immunosuppressive properties of the agents,
which can suppress immune responses.*

GvHD confounding role in animal models of imm_

The application of gene editing technologies, such
as CRISPR/Cas9, has been suggested as a strategy to
alleviate GVHD by altering the immune cells of the donor
to decrease their alloreactivity.”” The aforementioned
methodology has demonstrated potential in preclinical
investigations; however, additional inquiry is required to
ascertain its viability and safety in clinical environments.

Table 4 provides a summary of selected studies
investigating the confounding role of GVHD in animal
models of cancer immunotherapy. The studies cover
various cancer types, immunotherapy types, and strategies
to mitigate GVHD. The numbers in brackets refer to the
corresponding references mentioned earlier in the text.
Further, Table 5 summarizes the different types of animal
models used in cancer studies, including their description,
advantages, and limitations, and Table 3 describes the
main findings.

Immunodeficient and Humanized Mouse Models
Immunodeficient and humanized mouse models have
played a pivotal role in advancing our understanding of
cancer immunotherapy, particularly in circumventing the
challenges posed by xenogeneic GVHD. The development
of these models has undergone several evolutionary stages,
each marked by significant improvements in mimicking
human immune responses.

The first generation of immunodeficient mice, the
nude mice, lacking thymus and therefore T cells, were
a significant step but had limitations due to residual
immune activity.* This led to the development of severe
combined immunodeficiency (SCID) mice, which
lacked both B and T cells, offering a better platform for
cancer studies.* However, the SCID mice still presented
limitations, particularly in the context of innate immunity.
This issue was partially addressed with the advent of non-
obese diabetic SCID (NOD-SCID) mice, which showed
further impairment in natural killer (NK) cell function,
enhancing their utility in xenograft studies.”

The next significant advancement was the NOD-SCID
gamma (NSG) mice, which, due to a mutation in the
interleukin 2 receptor gamma chain, exhibited a near-
complete absence of functional immune cells.* These
mice became the gold standard for humanized models,
allowing for the engraftment of human cells and tissues
without significant xenogeneic GVHD, thus providing
a more accurate representation of human immune
responses in cancer immunotherapy research.”

Finally, the development of fully humanized
mice, achieved through the engraftment of human
hematopoietic stem cells into immunodeficient hosts,
marked a critical juncture. These models closely mimic
the human immune system, allowing for a more precise
study of human-specific immune responses to cancer and
therapies while significantly reducing the confounding
effects of xenogeneic GVHD.*

This evolutionary trajectory of mouse models has been
fundamental into cancer immunotherapy research. Each
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Table 4. A Summary of Selected Studies Investigating the Confounding Role of GVHD in Animal Models of Cancer Immunotherapy

Animal

GVHD Impact on Strategies to

Study Year Model Cancer Type Immunotherapy Type Efficacy GVHD Impact on Safety Mitigate GVHD
Immune checkpoint Enhanced antitumor A

Yan et al** 2023 Mouse Melanoma Increased toxicities Not reported
blockade effects

Kanlvkarla Marie 2022 Mouse Colorectal T cells Tumor volume reduction Delay the impact of Immunosuppressive

et al® Cancer GVHD agents

Xing et al’' 2019 Mouse Various Allogeneic k?one marrow Not reported Reduced GVHD severity Immunosuppressive
transplantation agents
All ich ieti I i

Riesner et al® 2016 Mouse Various ogeneic hematopoletic reported Reduced GVHD mmunosuppressive
stem cell transplantation agents

Poirot et al*? 2015 Mouse B-cell leukemia CART cells Not reported Rec?luced GVHD CRI?PWCa59 gene

incidence editing
Koyamaetal® 2011 Mouse Various Allogeneic hematopoietic ~ Reduced antitumor Increased morbidity and Not reported

stem cell transplantation

efficacy mortality

Note. GVHD: Graft-versus-host disease.

Table 5. Summary of Selected Studies Investigating the Confounding Role of GVHD in Animal Models of Cancer Immunotherapy

Animal GVHD Impacton ~ GVHD Impact on . L
Study Year Model Cancer Type Immunotherapy Type Efficacy Safety Strategies to Mitigate GVHD
Yan et al* 2023 Mouse Melanoma Immune checkpoint blockade Enhanced antitumor Inc-re.a§ed Not reported
effects toxicities
Kanikarla Colorectal Tumor volume Delay the impact .
Marie et al?? 2022 Mouse cancer T cells reduction of GVHD Immunosuppressive agents
Xing et al*' 2019 Mouse Various Allogeneic k?one marrow Not reported ReduFed GVHD Immunosuppressive agents
transplantation severity
Riesner et al® 2016  Mouse  Various Allogeneic hematopo'letm Not reported Reduced GVHD  Immunosuppressive agents
stem cell transplantation
Poirot et al** 2015 Mouse B-cell leukemia CART cells Not reported :Tf;?;g:gec\/HD CRISPR/Cas9 gene editing
. - . Increased
Koyama etal®® 2011 Mouse Various Allogeneic hematopoAletlc RedUCEd antitumor morbidity and Not reported
stem cell transplantation efficacy .
mortality
Note. GVHD: Graft-versus-host disease.
advancement has progressively bridged the gap between develop.*

preclinical studies and clinical applicability, enhancing
our understanding of therapeutic mechanisms and
improving the safety and efficacy of immunotherapeutic
strategies.”

Immunodeficient and humanized mouse models,
despite their extensive use in cancer immunotherapy
research, cannot entirely eliminate the risk of GVHD.
This limitation is due to several inherent characteristics of
these models and the complex nature of human immune
cell engraftment.

Firstly, even though immunodeficient mice such as the
NSG (NOD-scid IL2Ry™") model lack functional B, T, and
NK cells, the introduction of human immune cells can
lead to GVHD due to the human cells recognizing mouse
tissues as foreign. This is because minor histocompatibility
antigens still present in these mice can be targeted by the
engrafted human immune cells.”

Secondly, humanized mouse models, created by
engrafting human hematopoietic stem cells into
immunodeficient mice, are designed to closely mimic the
human immune system. While these models allow for the
study of human-specificimmune responses, the mismatch
between the human immune cells and the mouse tissue
antigens can lead to the development of GVHD.*® This
is compounded by the fact that the reconstitution of the
immune system in these mice is not always perfectly
balanced, leading to an environment where GVHD can

Furthermore, the severity of GVHD in humanized
mice can vary based on the strain of the mouse, the
source and type of human cells used for engraftment,
and the conditioning regimen applied to the mice before
engraftment.”® These variables can affect the incidence
and severity of GVHD, making it a persistent risk in these
models.

To mitigate the risk of GVHD, researchers have explored
various strategies, including genetic modifications to
create mouse models that better tolerate human cells and
the use of immunosuppressive drugs post-engraftment.
However, these strategies often involve a trade-off between
reducing GVHD and preserving the functionality of the
humanized immune system for research purposes.™

Insights into Future Research Directions

1. Exploring novel animal models: Continued
development and refinement of animal models
that either inherently resist the development of
GVHD or can be easily manipulated to study cancer
immunotherapy without the confounding effects of
GVHD. This includes the exploration of alternative
species or strains with different immune system
compatibilities.*

2. Advancing gene-editing technologies: Leveraging
CRISPR-Cas9 and other gene-editing tools to
create more sophisticated immunodeficient and
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humanized mouse models. These advancements can
help in precisely knocking out or modifying genes
responsible for GVHD initiation, allowing for a
clearer assessment of immunotherapies.®

3. Focusing on standardized assessment and reporting
of graft-versus-host disease: Establishing universal
guidelines for the assessment, grading, and reporting
of GVHD in animal studies. Standardization would
facilitate more accurate comparisons between studies
and provide a clearer understanding of the GVHD
impact on cancer immunotherapy outcomes.*”

4. Utilizing immunomodulatory strategies: Investigating
the use of immunomodulatory drugs or cellular
therapies to prevent or treat GVHD without
compromising the immune response against the
tumor. This could include the use of regulatory T
cells, cytokine blockers, or checkpoint inhibitors,
specifically targeting the pathways involved in
GVHD.*

5. Incorporating ~ humanized  immune  system
components: Beyond full human immune system
reconstitution, focusing on humanizing specific
components of the mouse immune system relevant
to the immunotherapy being tested. This approach
may reduce GVHD while still providing insights into
the human immune response.*

6. Developing predictive biomarkers for graft-versus-
host disease: 1dentifying and validating biomarkers
that can predict the onset or severity of GVHD in
animal models. Such biomarkers could help in early
intervention and more precise monitoring of GVHD,
improving the reliability of cancer immunotherapy
studies.”

Conclusion

GVHD represents a confounding factor in preclinical
cancer immunotherapy models, which can significantly
affect the accurate assessment of both safety and efficacy
endpoints. The creation of animal models that exhibit
decreased incidence and severity of GVHD, coupled with
a deeper comprehension of the underlying mechanisms,
can serve as a means to overcome these obstacles and
promote the progress of secure and efficacious cancer
immunotherapies.
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