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Introduction

Optical imaging has become an essential component of preclinical imaging workflows, providing rapid, sensitive, and
cost-effective insights into biological processes prior to more resource-intensive nuclear imaging modalities such as
positron emission tomography (PET) and single-photon emission computed tomography (SPECT). Among optical
modalities, Cherenkov luminescence imaging (CLI) offers a unique and direct link to radionuclide imaging because the
emitted signal originates from the same radioactive decay processes used in PET and certain SPECT studies. This
intrinsic connection positions CLI as a powerful bridge technology for translational imaging workflows - particularly
when implemented on highly sensitive optical imaging platforms, such as the Spectral Lago X, Ami HTX, and Kino.

How CLI can improve PET/SPECT studies

Cherenkov radiation arises when charged particles-such as positrons emitted during radioactive decay—travel through
a dielectric medium at velocities exceeding the phase velocity of light in that medium, resulting in the emission of
visible photons (Spinelli et al. 2015). This phenomenon enables the detection of radionuclide distribution using sensitive
optical imaging systems. Importantly, studies performed using optical imaging systems demonstrate that these
platforms, originally designed for fluorescence and bioluminescence imaging, are also capable of acquiring quantitative
Cherenkov luminescence images, thereby extending their utility into nuclear imaging research domains (Dykstra et al.
2012). The ability to detect Cherenkov signals on an optical platform provides researchers with a rapid and accessible
method for evaluating radiotracer behavior without immediate reliance on PET instrumentation.

CLI has the potential to inform subsequent PET and SPECT studies (Spinelli et al. 2015). One of the primary applications
is radiotracer and theranostic evaluation. By leveraging CLI, researchers can quickly assess whether a given

radiotracer demonstrates the expected biodistribution, target specificity, and uptake kinetics before allocating time and
resources to PET imaging. The demonstrated linearity between CLI signal and activity further supports its use in dose
optimization and quantitative validation during early experimental stages (Dykstra et al. 2012). In addition, CLI can be
used to compare multiple candidate tracers in parallel, enabling more efficient selection of compounds for downstream
development and nuclear imaging studies.



Another important application is the optimization of imaging protocols. Because CLI can be performed rapidly and
repeatedly using optical imaging systems, it allows for iterative refinement of experimental parameters such as injection
dose, imaging timepoints, and acquisition settings. For example, time-dependent changes in signal intensity observed
with CLI can inform the selection of optimal imaging windows for PET studies, ensuring that acquisitions are performed
when target-to-background contrast is maximized. This approach reduces the likelihood of failed or suboptimal PET
experiments and improves overall study efficiency.

CLI also contributes to the identification of regions of interest (ROls) for subsequent nuclear imaging. Even with
reduced spatial resolution, CLI provides valuable information regarding the localization of radiotracer uptake at the
organism or organ level. These insights can guide more detailed PET or SPECT acquisitions, including the selection of
imaging fields of view and the prioritization of anatomical regions for quantitative analysis. In preclinical studies involving
heterogeneous disease models, such as tumors or inflammatory lesions, CLI can reveal patterns of uptake that inform
hypotheses and experimental design prior to high-resolution imaging.

How CLI compares

Experimental results reported using a Spectral Ami HT (previously, Ami 1000) imaging system highlighted the strong
correlation between CLI and PET measurements, both in controlled in vitro settings and in vivo animal models (Dykstra
et al. 2012). Specifically, analysis have demonstrated a linear relationship between detected optical signal intensity

and radioactive activity, indicating that CLI can serve as a quantitative proxy for radiotracer uptake under appropriate
conditions. In addition, comparative imaging studies in small animals injected with clinically relevant PET tracers such
as sodium fluoride (Na'F) reveal that spatial uptake patterns observed with CLI closely mirror those obtained with

PET imaging. Regions of high tracer accumulation, including skeletal structures and growth plates, are consistently
visualized across both modalities, confirming that CLI captures the same biological distribution of radiotracers as PET.
These findings are particularly significant because they validate CLI as a reliable method for early-stage investigation of
radiotracer biodistribution and targeting.

Further, in our own laboratories we directly evaluated the linearity and detection limits of CLI in vitro using the Spectral
Lago X and PET/CT Si78 systems. We also acquired and compared in vivo CLI and PET data. (CLI/CT fusion and data
analysis was performed using the Bruker pmod software (v4.5)). Signal linearity of Na'®F measured by CLI (starting at 25 uCi)
showed good correlation with PET measurements over the 1-hour decay period (Figure 1).
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Further, in vitro CLI had similar lower detection limits to PET (Figure 2). While in vitro data shows excellent linearity and
sensitivity, it should be noted that CLI is expected to have reduced in vivo linearity and sensitivity in deeper tissues due

to scatter and attenuation.
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Figure 2: In vitro detection
limits of Na'®F-CLI. A
12-point dilution series of
Na'®F, ranging from approx-
imately 25 to 0.1 uCi, was
prepared in black-walled
plates. PET imaging was
performed on the PET/

CT Si78 system using a
300-second acquisition with
decay correction disabled,
while CLI imaging was
conducted on the Spectral
Lago X system using a
300-second acquisition.

Mice were injected with the bone tracer “Na'F" and were imaged by CLI and PET. Samples were transferred between
scanners using the Zeroshift Solution to stabilize animal position. Whole body Na'FCLI showed good correlation with

preclinical PET (Figure 3).

Figure 3: Qualitative correlation of mouse whole body in vivo Na'F-CLI. A control
BALB/c mouse was administered approximately 300 pCi of Na'®F via intraperitoneal injec-
tion, along with VivoVist (Nanoprobes). PET/CT imaging was performed on the PET/CT Si78
system using a 20-minute PET acquisition reconstructed with MAP/MLEM (0.25 PSF/PVC),
followed by a standard multi-position mouse CT scan. Subsequent CLI was performed on
the Spectral Lago X at a 5-minute acquisition, both in prone and supine positions.



We assessed a shallow signal location with a short tissue light path for quantitative comparison. Quantitative metrics of
knee joint signal for Na'®F-CLI mice showed good correlations with preclinical PET as well (Figure 4).
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mouse joint signal. For knee (left and right) PET and CLI
quantification, animal were imaged in the supine position
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Despite this strong correlation, there are important differences between CLI and PET that must be considered when
designing imaging studies (Bruzgo-Grzybko, 2026). Optical signals generated through Cherenkov emission are subject
to significant attenuation and scattering within biological tissues, which results in reduced spatial resolution and limited
depth sensitivity compared to gamma-based detection methods used in PET. Experimental observations on the Spectral
Ami HT platform confirm that CLI images exhibit blurring relative to corresponding PET images, reflecting the inherent
limitations of optical photon propagation in tissue. However, this limitation does not diminish the value of CLI; rather, it
defines its role within a multimodal imaging workflow. CLI is particularly well suited for rapid screening, relative quanti-
fication, and localization of signal, while PET provides the high-resolution, quantitative, and depth-independent imaging
required for definitive analysis.

Discussion

In addition to Cherenkov imaging, the Spectral Lago X, Ami HTX, and Kino systems support bioluminescence and
fluorescence imaging modalities, which further enhance their role in preclinical research workflows (Kiessling et al,
2017). While these modalities do not directly reflect radioactive decay processes, they provide complementary biological
information that can inform nuclear imaging studies. Bioluminescence imaging, for example, enables the visualization
of gene expression, cellular activity, and disease progression in living subjects, allowing researchers to identify biologi-
cally relevant targets and validate experimental models prior to radiotracer development. Fluorescence imaging similarly
enables the evaluation of molecular targeting and probe distribution using non-radioactive agents.

When integrated with CLI on a single platform, these modalities create a comprehensive optical imaging toolkit that
supports a stepwise progression from biological validation to radiotracer evaluation and ultimately to PET or SPECT im-
aging. Furthermore, novel uses of CLI with FLI can be leveraged. For example, radionuclide-activated luminescence (RL)
is a promising technique wherein photons generated by Cerenkov luminescence excite proximal fluorescent reporters,
blurring the lines between radiotheranostic and phototheranostic approaches (Li et al., 2025).



The integration of these optical techniques into a unified workflow provides significant advantages in terms of efficiency,
cost reduction, and experimental success rates. Early-stage studies using fluorescence or bioluminescence imaging

can establish the presence and relevance of biological targets. Subsequent CLI studies on the same Spectral system
can then validate the behavior of corresponding radiotracers, confirming that they exhibit appropriate uptake patterns
and quantitative properties. Finally, PET or SPECT imaging can be employed for high-resolution, quantitative analysis
with confidence that the tracer and model system have been adequately characterized. This tiered approach minimizes
unnecessary use of radiotracers, reduces reliance on limited nuclear imaging resources, and accelerates the overall pace
of research.

Conclusion

In conclusion, optical imaging platforms provide a versatile and powerful framework for preclinical imaging, particularly
when incorporating Cherenkov luminescence imaging. The demonstrated quantitative and spatial correlation between
CLI and PET underscores the value of this modality as a bridge between optical and nuclear imaging. By enabling rapid
assessment of radiotracer behavior, supporting protocol optimization, and providing complementary biological insights
through bioluminescence and fluorescence imaging, optical imaging systems play a critical role in informing and de-risk-
ing PET and SPECT studies. This integrated approach enhances experimental design, improves resource utilization, and
ultimately contributes to more effective and efficient translation of imaging agents and methodologies from preclinical
research to clinical application.
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