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Therapeutic testing in animal models has been the cornerstone of translational medicine. However, this trend is starting to change
in favour of non-animal alternatives. Considering the high failure rates of forward translation from animal models to human
application, the above paradigm shift is definitely welcome. But the enthusiasm toward this progress should not become the basis
for completely replacing animal testing because the reliability and representativeness of non-animal alternatives still needs more
investigation. And this particularly applies to analyses of the immune system and validation of immunotherapies. In this editorial,
we discuss the application of reverse translation as a possible key to robustly connecting human immune data with animal testing
to increase the benefit-to-risk ratio of translating immunotherapies toward prospective clinical trials.
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Translational medicine is currently experiencing a significant
paradigm shift in terms of its operational features. Classically,
therapeutic or drug testing in animal models like rodents, pigs,
sheep, monkeys has been the cornerstone of translational
medicine by serving as the penultimate step before human
testing [1]. However, this trend is starting to rapidly change
because a number of regulatory authorities are trying to move
away from animal testing due to ethical concerns as well as low
success rates of clinical trials over the last few decades [1]. For
example, the recent decision by US Food and Drug Administration
(FDA) to replace the word “animal” with “nonclinical tests” has
rapidly paved the way for prioritizing the use of non-animal
(alternative) therapy/drug testing methods [1]. Such methods
include, but are not limited to, cell-based testing, patient-derived
xenograft (PDX) models, organoid or organotypic explant cultures,
organs-on-a-chip and in silico modelling [1-5]. Herein in silico
testing is primarily driven by either artificial intelligence (Al)-driven
approaches like machine/deep learning or advanced pharmaco-
dynamic computer modelling.

Considering the poor success rate of forward translation from
animal models to human clinical application [6], the above
paradigm shift is definitely welcome. However, the enthusiasm
toward this progress should not become the basis for
completely replacing animal testing in favour of non-animal
alternatives because the reliability, reproducibility and repre-
sentativeness of the non-animal alternatives still needs more
investigation [1]. And this caveat is particularly applicable to
analyses of the immune system and validation of immunothera-
pies. For instance, PDX models or organoids may not success-
fully retain the entire native immune-microenvironment of a
diseased tissue [5, 7-10]. And while this limitation can be
somewhat overcome by organotypic explants or organs-on-a-
chip yet they may only sustain a relatively transient immune
milieu whose propagation and preservation characteristics
require more research [7, 10]. Finally, although in silico testing
can help gain a lot of novel insights from multi-omics ‘big data’
[11] yet it is likely to remain only as efficient as the pre-existing
training/validation datasets used to create these approaches.
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Thus, it is not yet clear whether in silico approaches can reveal
something fundamentally novel about the mechanisms behind
immunological processes that we ourselves do not yet under-
stand based on experimental approaches.

Moreover most non-animal alternatives are intensively
focussed on the diseased tissue characteristics and behaviour.
But a number of multi-organ immune processes independent
of the diseased tissue can be highly instrumental for the
success of immunotherapy and such processes cannot be
reliably or feasibly modelled by some of the current non-
animal testing methods. Due to high amount of clinical data
availability, this has been particularly evident for cancer
immunotherapy. For instance, while organoids or organotypic
explant cultures can account for tumour-associated T cell
dynamics or tumour-associated ‘cytotoxic revival’ of T cells
after immunotherapy [8] yet these approaches may not
sufficiently capture: (I) anticancer T cell repertoire in extra-
tumoural milieu like peripheral blood, normal-adjacent tissues
and/or draining lymph nodes that may be instrumental in
avoiding metastasis or tumour relapse [12, 13]; () account-
ability for intra-tumoural infiltration of novel T cell sub-
populations from extra-tumoural milieu (that were previously
absent in the tumour) i.e., ‘clonal replacement’ [12]; (Ill) finally,
stem-like progenitor T cells may be more enriched in lymph
nodes or peripheral tissues rather than tumours due to T cell
exclusion’ [12, 14], and thus may not be captured with tumour-
specific organoids/explants [10, 15]. These extra-tumoural
dynamics and their cross-talk with tumour-associated T cell
repertoire are highly predictive of immunotherapy responses in
cancer patients [12] and thus need to be accounted for during
immunotherapy testing. Thus, it is evident that only animal
models may allow the analyses of such multi-organ and extra-
diseased tissue processes in a dynamic manner.

Nevertheless, one cannot simply ignore the dismal success
rate of current translational medicine based on animal models.
Afterall, work-horse animal models of immunology like rodents
are differentiated by an evolutionary gap of at least 65 million
years from humans which has created significant variations and
evolutionary divergences for both innate and adaptive immu-
nity that creates severe bottlenecks for translation of immu-
notherapies [16]. This is particularly applicable to immune cell
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Fig. 1 A schematic overview of mixed reverse and forward translational approaches for immunotherapy. The bottom part depicts the

typical forward translational approach often pursued by most researchers. The top part depicts a much needed reverse translational approach
to increase clinical success rates. The middle part captures the intersection of different research directions and orientations that can be
pursued to simultaneously enable both reverse and forward translational approaches.

subset heterogeneity, cytokine/chemokine biology, anti-
microbial defence systems including Toll-like receptors, NK cell
biology, myeloid phagocytic and co-simulation systems, B/T cell
repertoire dynamics, type-1 vs. type-2 orientations of the T cells,
y& T cell biology, and vascular-immune cross-talk [16].

So what is the possible solution that balances the usage of
animal testing with the need to increase the success rate of clinical
translation for immunotherapy? One robust solution might be
reverse translational approaches using in silico and ex vivo testing
to bridge the human phenotypes with animal testing before
channelling the final results back into the conventional forward
translation [17, 18] (Fig. 1). This mix of reverse and forward
translation of fundamental and translational immunology research
has a high chance of increasing the clinical success rates of
immunotherapy [17]. But, to be successful, such approaches need
to achieve three critical steps (Fig. 1): (I) generation of appropriate
human patient ‘big data’ cross-connected with clinical response
variables, possibly aided by non-animal testing approaches to
create an integrated picture of the human ‘immunome’ for a
particular disease; () multi-dimensional computational and
immunology approaches to bridge the evolutionary gap between
humans and mouse; (lll) tailoring of these approaches to
appropriate mouse models that are as close as possible to the
context of human disease-immune cross-talk.

Such reverse translational approaches would essentially work
backward to uncover the preclinical (evolutionarily-conserved)
mechanistic basis for clinically important (broad) immune
phenotypes [17] (Fig. 1). In time such approaches may assume
a cyclical nature, in which each new human observation might
stimulate new testable concepts or hypotheses that help create
the next innovative immunotherapy or immune-biomarker
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solutions for forward translation toward a novel human clinical
trial [17] (Fig. 1). Such reverse translation can profoundly
improve: immunotherapy validation or re-purposing efforts,
patient-tailored immunotherapy, understanding of the reasons
behind success or failure of specific immunotherapies, and
uncovering the impact of human-specific immuno-variability on
immunotherapy responses [17]. These efforts may also uncover
the exact threshold beyond which animal testing is not useful
hence uncovering the immune niches that non-animal testing
must address. Together such combination of reverse transla-
tional approaches and non-animal testing can help improve the
benefit-to-risk profile of different immunotherapies and provide
some preliminary immune-biomarkers for pre-selection of
patient sub-populations most likely to respond to such
immunotherapies [17]. Herein, in silico testing needs further
optimization to allow better modelling of human physiology-
relevant pharmacokinetics, therapeutic response variability and
pre-anticipation of potential adverse events in the setting of
novel immunotherapies. This may help increase the success rate
of both first-in-human (dose escalation) clinical studies and
early phase clinical trials for estimating pharmacodynamic and
preliminary clinical response variables.

Finally, in coming future, the biggest gap-in-knowledge that
still needs to be properly overcome is understanding the origins
of the population immunogenetics-driven variability in immu-
notherapy responses inherent to different human populations
and the confounding influence of age, gender, ethnicity and
other such human-specific criteria. Current animal or non-
animal testing methods are not completely adapted yet to
properly account for these variabilities on a large scale. Here,
the integration of the electronic health records of various
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patients with in silico/ex vivo testing could be the key to
connect real-world human variability with forward translational
immunotherapy efforts.

Isaure Vanmeerbeek', Stefan Naulaerts' and Abhishek D. Gargllg
'Cell Stress & Immunity (CSI) Lab, Department for Cellular &
Molecular Medicine (CMM), KU Leuven, Leuven, Belgium.

Memail: abhishek.garg@kuleuven.be

REFERENCES

1. Moutinho S. Researchers and regulators plan for a future without lab animals. Nat
Med. 2023. https://doi.org/10.1038/s41591-023-02362-z.

2. Lou Y-R, Leung AW. Next generation organoids for biomedical research and

applications. Biotechnol Adv. 2018;36:132-49.

. Bhatia SN, Ingber DE. Microfluidic organs-on-chips. Nat Biotechnol. 2014;32:760-72.

4. Esch EW, Bahinski A, Huh D. Organs-on-chips at the frontiers of drug discovery.
Nat Rev Drug Discov. 2015;14:248-60.

5. Meehan TF. Know thy PDX model. Cancer Res. 2019;79:4324-5.

6. Wendler A, Wehling M. The translatability of animal models for clinical devel-
opment: biomarkers and disease models. Curr Opin Pharm. 2010;10:601-6.

7. Cancer models for reverse and forward translation. Nat Cancer. 2022;3:135.

8. Neal JT, Li X, Zhu J, Giangarra V, Grzeskowiak CL, Ju J, et al. Organoid modeling of
the tumor immune microenvironment. Cell. 2018;175:1972-88.e16.

9. Xia T, Du W-L, Chen X-Y, Zhang Y-N. Organoid models of the tumor micro-
environment and their applications. J Cell Mol Med. 2021;25:5829-41.

10. LeSavage BL, Suhar RA, Broguiere N, Lutolf MP, Heilshorn SC. Next-generation
cancer organoids. Nat Mater. 2022;21:143-59.

11. Naulaerts S, Datsi A, Borras DM, Antoranz Martinez A, Messiaen J, Vanmeerbeek |,
et al. Multiomics and spatial mapping characterizes human CD8 + T cell states in
cancer. Sci Transl Med. 2023;15:eadd1016.

12. Oliveira G, Wu CJ. Dynamics and specificities of T cells in cancer immunotherapy.
Nat Rev Cancer. 2023;23:295-316.

13. Sprooten J, Vankerckhoven A, Vanmeerbeek |, Borras DM, Berckmans Y, Wouters
R, et al. Peripherally-driven myeloid NFkB and IFN/ISG responses predict malig-
nancy risk, survival, and immunotherapy regime in ovarian cancer. J Inmunother
Cancer 2021;9. https://doi.org/10.1136/jitc-2021-003609.

14. Vanmeerbeek |, Borras DM, Sprooten J, Bechter O, Tejpar S, Garg AD. Early
memory differentiation and cell death resistance in T cells predicts melanoma

w

Genes & Immunity (2023) 24:217-219

Editorial

response to sequential anti-CTLA4 and anti-PD1 immunotherapy. Genes Immun.
2021;22:108-19.

15. Kretzschmar K. Cancer research using organoid technology. J Mol Med.
2021;99:501-15.

16. Mestas J, Hughes CCW. Of mice and not men: differences between mouse and
human immunology. J Immunol. 2004;172:2731-8.

17. Shakhnovich V. It's time to reverse our thinking: the reverse translation research
paradigm. Clin Transl Sci. 2018;11:98-9.

18. Sprooten J, Vanmeerbeek |, Datsi A, Govaerts J, Borras D, Naulaerts S, et al. A
lymph node-to-tumour PD-L1+macrophage circuit antagonizes dendritic cell
immunotherapy. BioRxiv. 2023. https://doi.org/10.1101/2023.03.14.532534.

ACKNOWLEDGEMENTS

Research in ADG lab is supported by Research Foundation Flanders (FWO)
(Fundamental Research Grant, GOB4620N; FWO SBO grant for ‘ANTIBODY’
consortium), KU Leuven (C1 grant, C14/19/098, and C3 grants, C3/21/037 and C3/
22/022), Kom op Tegen Kanker (KOTK/2018/11509/1 and KOTK/2019/11955/1), VLIR-
UOS (iBOF grant, iBOF/21/048, for ‘MIMICRY’ consortium) and Olivia Hendrickx
Research Fund (OHRF Immuunbiomarkers).

COMPETING INTERESTS

ADG received consulting/advisory/lecture honoraria or research funding from
Boehringer Ingelheim (Germany), SOTIO (Czech Republic), Miltenyi Biotec (Germany),
Novigenix (Switzerland), and IsoPlexis (USA).

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Abhishek D.
Garg.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

SPRINGER NATURE

219


mailto:abhishek.garg@kuleuven.be
https://doi.org/10.1038/s41591-023-02362-z
https://doi.org/10.1136/jitc-2021-003609
https://doi.org/10.1101/2023.03.14.532534
http://www.nature.com/reprints
http://www.nature.com/reprints

	Reverse translation: the key to increasing the clinical success of immunotherapy?
	Acknowledgements
	Competing interests
	ADDITIONAL INFORMATION




