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Abstract

Colorectal cancer (CRC) has high rates of recurrence and metastasis, underscoring the need for
improved diagnostic imaging methods to support accurate disease monitoring and inform treatment
decisions. In this study, we present [®*Cu]Cu-NOTA-Ivonescimab, a novel ImmunoPET tracer that
specifically targets vascular endothelial growth factor-A (VEGF-A), which is upregulated in CRC.
Ivonescimab was conjugated to a NOTA chelator and radiolabeled with copper-64, achieving over 99%
radiochemical purity and demonstrating robust in vitro stability. In vivo PET imaging of HCT-116 CRC
xenograft models showed specific, time-dependent tumor uptake of [®*Cu]Cu-NOTA-Ivonescimab,
peaking at 13.73 + 0.95 %ID/g at 48 h post-injection. This was significantly higher than in the blocking
group (5.20 £ 0.10 %ID/g, P = 0.00011). Furthermore, Ivonescimab conjugated with the near-infrared
dye IRDye 800CW allowed complementary optical imaging, displaying significantly higher fluores-
cence intensity in tumors (25.49 + 8.69 x 108 p/(s-cm?-sr)) compared to blocking controls (4.66 +
0.95 x 108 p/(s-cm?-sr), P = 0.0145) at 48 h post-injection. Together, these findings establish [®*Cu]Cu-
NOTA-Ivonescimab as a promising imaging agent that offers precise, non-invasive quantification of
VEGF expression, with potential to enhance diagnostic accuracy and guide therapy in CRC.
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Colorectal cancer (CRC) is the third most prevalent
cancer worldwide and ranks second in cancer-related
deaths. Despite advances in chemotherapy, CRC re-
mains associated with high recurrence and metastasis
rates (Zhou et al. 2023). Anti-angiogenic therapy has
emerged as a key treatment strategy, as tumor
angiogenesis drives cancer progression and metastasis
(Yan et al. 2024). Vascular endothelial growth factor-A
(VEGF-A) serves as a predominant regulator of
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angiogenesis across various malignancies and patho-
logical conditions. Consequently, monoclonal anti-
bodies targeting VEGF, such as bevacizumab and
aflibercept, have shown good prospects in suppressing
angiogenesis by neutralizing VEGF in the tumor
microenvironment (Garcia-Varela et al. 2024).

Preclinical studies have indicated that combining
anti-VEGF therapies with immune checkpoint inhib-
itors, such as anti-PD-(L)1 antibodies, can produce
synergistic antitumor effects by engaging dual
mechanisms of action (Manegold et al. 2017; Zhao et al.
2022). Ivonescimab, a novel bispecific antibody that
targets both PD-1 and VEGF-A, was developed to
enhance therapeutic precision while minimizing
systemic toxicity in tumors co-expressing these targets
(Frentzas et al. 2024). Approved in China in May 2024
for patients with EGFR-mutant NSCLC following
resistance to EGFR-TKIs, Ivonescimab represents a
significant advance in immunotherapy (Dhillon 2024;
Frentzas et al. 2024; Zhang et al. 2025). However, there
is still a lack of effective biomarkers to predict
treatment response or monitor resistance to
Ivonescimab therapy.

Although VEGF is a well-validated therapeutic target,
clinical imaging methods for assessing VEGF expression
remain limited. Conventional imaging modalities, such
as contrast-enhanced CT or MRI, primarily assess
morphological changes or vascular permeability rather
than molecular VEGF expression. As a result, they often
lack the sensitivity and specificity needed for accurately
quantifying VEGF activity, particularly for monitoring
therapeutic response or predicting treatment outcomes.

ImmunoPET, a highly sensitive molecular imaging
technique, combines antibodies or antibody fragments
with positron- or gamma-emitting radionuclides to
provide real-time, in vivo visualization of specific
molecular targets (Huang et al. 2025a, d). This
approach has shown strong potential for optimizing
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therapeutic strategies in CRC (Li et al. 2023; Touchefeu
etal 2021).

In this study, we employed ImmunoPET imaging to
assess VEGF expression in CRC models with [®*Cu]Cu-
NOTA-Ivonescimab. We also conjugated Ivonescimab to
the near-infrared fluorescence (NIRF) dye IRDye
800CW, allowing complementary optical imaging of
tumors without ionizing radiation. The [**Cu]Cu-NOTA-
Ivonescimab tracer offers non-invasive, whole-body
imaging and provides detailed insight into dynamic
VEGF expression and tumor targeting over time. This
imaging capability empowers clinicians to precisely
evaluate the biodistribution, tumor-specific uptake, and
retention Kkinetics of Ivonescimab in real time.
Ultimately, quantitative ImmunoPET imaging with
Ivonescimab may serve as a valuable companion
diagnostic, helping to predict therapeutic efficacy,
refine dosing regimens, and identify patients most
likely to benefit from VEGF-targeted therapies.

RESULTS
Radiosynthesis of [**Cu]Cu-NOTA-Ivonescimab

The conjugation of NOTA to Ivonescimab and
subsequent labeling with ®*Cu is illustrated in Fig. 1.
The labeling yield prior to purification was 84.48 *
2.54% (n = 5) (supplementary Fig. S1A). Following
purification using PD-10 columns, the radiochemical
purity of the final product exceeded 99% (n = 5)
(supplementary Fig. S1B). In vitro stability assessments
demonstrated that [**Cu]Cu-NOTA-Ivonescimab main-
tained a radiochemical purity exceeding 95% after 48 h
of incubation in 0.01 mol/L PBS and 5% human serum
albumin, confirming the probe's excellent stability
(supplementary Figs. S1C-S1D).

Fig. 1 Synthetic scheme of [®*Cu]Cu-NOTA-Ivonescimab. Ivonescimab was first functionalized with p-SCN-Bn-NOTA at pH 9.0 for 2 h at
room temperature, followed by radiolabeling with [**Cu]CuCl, at pH 5.0 and 37°C for 1.0 h. [**Cu]Cu-NOTA-Ivonescimab was purified to

obtain the final product for subsequent applications

2 | October 2025 | Volume 11 | Issue X

© The Author(s) 2025



A Novel VEGF PET Tracer in colorectal carcinoma

RESEARCH ARTICLE

ImmunoPET imaging and quantitative analysis

Colorectal carcinoma models were constructed using
HCT-116 cell lines. Maximum intensity projection (MIP)
images were acquired between 1 to 48 h post-injection
of [®*Cu]Cu-NOTA-Ivonescimab (Fig.2). The tracer
clearly delineated tumor morphology as early as 12 h
post-injection, with tumor uptake progressively in-
creasing and reaching a peak at 48 h post-injection. In
contrast, minimal tumor uptake was observed in the
blocking groups, indicating target-specific binding.
Quantitative ROI analysis revealed time-dependent
uptake of [®*Cu]Cu-NOTA-Ivonescimab in HCT-116
tumors. At 12 h post-injection, tumor uptake was 7.80
0.85 %ID/g, rising to a maximum of 13.73 + 0.95 %ID/g
at the final time point (48 h post-injection) before

[**Cu]Cu-NOTA-
Ivonescimab
blocking in HCT-116

0% 1D/g

[

sacrifice (Fig. 3A). Blocking with excess unlabeled
Ivonescimab significantly reduced tracer accumulation
in tumors, with uptake decreasing to 5.20 + 0.10 %ID/g
(P = 0.00011). Uptake in non-target organs, including
the heart, liver, spleen, and kidneys, gradually de-
creased over time.

At 48 h post-injection, [®*Cu]Cu-NOTA-Ivonescimab
demonstrated significantly higher target-to-non-target
(T/NT) ratios (Fig.3B). The tumor-to-heart (blood)
ratio in HCT-116 tumors without blockade reached
1.32 £ 0.13, which was significantly reduced to 0.40 *
0.03 in the blocking group (P = 0.0003). Similarly, the
tumor-to-muscle ratio was 15.62 * 0.98 in the non-
blocked group compared to 6.33 + 0.65 with blocking
(P =0.0002), further supporting the specificity of tumor
targeting by the radiotracer.

12h

15%1D/g

Fig. 2 Longitudinal PET imaging of HCT-116 tumor-bearing mice after injection of [**Cu]Cu-NOTA-Ivonescimab with or without block-
ing. Maximum intensity projection (MIP) PET images were acquired at 1, 4, 12, 24, and 48 h post-injection. The top row shows promi-
nent and time-dependent tumor accumulation of [**Cu]Cu-NOTA-Ivonescimab in HCT-116 xenografts (white arrows indicate tumor
site). Tumor uptake became clearly distinguishable by 12 h post-injection and peaked at 48 h. In contrast, the blocking group (bottom
row), which received excess unlabeled Ivonescimab, showed markedly reduced tumor signals, confirming the tracer’s target specificity.

The color scale represents %ID/g (0-15)

Biodistribution results

At 48 hours post-injection, ex vivo biodistribution
analysis (Fig. 4) showed high tumor uptake in the HCT-
116 group treated with [°*Cu]Cu-NOTA-Ivonescimab
(13.67 + 0.95 %ID/g). In contrast, tumor uptake in the
blocking group was significantly decreased (4.07 *
0.25 %ID/g, P=0.00007).

© The Author(s) 2025

NIRF imaging and ROI-based analysis

After administration of 150 pg of IRDye 800CW-
Ivonescimab, tumors were conspicuous from 6 to 168 h
post-injection. Fluorescence intensity in the IRDye
800CW-Ivonescimab group was significantly higher
than in the blocking group, indicating that co-injection
of excess unlabeled Ivonescimab effectively inhibited
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Fig. 3 Quantitative biodistribution and target-to-non-target (T/NT) analysis of [®*Cu]Cu-NOTA-Ivonescimab in HCT-116 tumor-
bearing mice with or without blocking. A Quantitative biodistribution data (%ID/g) of the radiotracer in the tumor and major organs
over time. B Tumor-to-heart and tumor-to-muscle ratios over time as determined by region-of-interest image analyses. Data are pre-
sented as mean * SD (n = 3)
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Fig.4 Ex vivo biodistribution of [**Cu]Cu-NOTA-Ivonescimab in HCT-116 tumor-bearing mice at 48 h post-injection. Quantitative
biodistribution analysis revealed high tumor uptake of [®#Cu]Cu-NOTA-Ivonescimab in the non-blocked group (13.67 + 0.95 %ID/g),
while significantly reduced tumor accumulation was observed in the blocking group (4.07 + 0.25 %ID/g, P = 0.00007). Uptake in other
major organs (e.g., liver, kidney, spleen) showed no significant differences between the groups, indicating specific tumor targeting. Data
are presented as mean * SD (n = 3 per group). Statistical analysis was performed using the unpaired two-tailed Student’s t-test; ****P <

0.0001

significantly higher than in the blocking group (Fig. 6A).
The specific binding of IRDye 800CW-Ivonescimab to
HCT-116 tumors (25.49 + 8.69 x 108 p/(s-cm?-sr) at
48 h) was significantly greater than the blocking group
(4.66 +£0.95 x 108 p/(s-cm?-sr) at 48 h, P = 0.0145).

Ex vivo organ fluorescence quantification of har-
vested organs corroborated these findings (Fig. 6B).
Significant tumor accumulation was observed in the

binding of the fluorescently-labeled antibody to HCT-
116 tumors (Fig.5A). This observation was further
supported by ex vivo organ fluorescence imaging.
Notably high fluorescence was observed in the liver and
kidneys, which are likely sites of Ivonescimab metabo-
lism and excretion (Fig. 5B).

Semi-quantitative ROI analysis showed that tumor
uptake in the IRDye 800CW-Ivonescimab group was
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Fig. 5 Invivo and ex vivo fluorescence imaging of IRDye 800CW-labeled Ivonescimab in HCT-116 tumor-bearing mice. A Serial fluores-
cence images from 6 to 168 h post-injection show strong, tumor-specific accumulation of IRDye 800CW-Ivonescimab in the non-blocked
group, with clear tumor visualization persisting for up to one week. In contrast, fluorescence signals were markedly reduced in the
blocking group, indicating successful competition by excess unlabeled Ivonescimab and confirming target-specific binding. B Ex vivo
imaging at 168 h post-injection revealed prominent fluorescence in tumors of the non-blocked group, with much lower signal intensity
in the blocking group. High fluorescence was observed in the liver and kidneys of both groups, likely reflecting sites of antibody

metabolism and excretion. Organs were arranged in the dish as labeled for comparison. The color bar represents radiant efficiency from
minimum to maximum
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Fig. 6 Quantitative analysis of in vivo and ex vivo fluorescence imaging of IRDye 800CW-Ivonescimab in HCT-116 tumor-bearing mice.
A Time-dependent, semi-quantitative ROI analysis demonstrated significantly higher tumor uptake in the IRDye 800CW-Ivonescimab
group compared to the blocking group. At 48 h post-injection, tumor fluorescence reached 25.49 + 8.69 x 10% p/(s-cm?-sr) in the non-
blocked group versus 4.66 + 0.95 x 108 p/(s-cm?-sr) in the blocking group (P = 0.0145), confirming specific binding. B Ex vivo fluores-
cence quantification of major organs at 168 h post-injection revealed markedly elevated tumor signal in the IRDye 800CW-Ivonescimab
group (85.28 + 11.38 x 107 p/(s-cm?-sr)) compared to the blocking group (9.45 + 0.70 x 107 p/(s-cm?-sr), **P = 0.0003). High fluores-
cence in the liver and kidneys was observed in both groups, consistent with antibody metabolism and excretion. Data are presented as
mean * SD (n = 3 per group); statistical significance was determined by unpaired two-tailed ¢-test (*P < 0.05, **P < 0.001)
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IRDye 800CW-Ivonescimab group compared to the
blocking group (85.28 + 11.38 x 107 p/(s-cm?-sr) vs.
9.45 + 0.70 x 107 p/(s-cm?-sr) at 168 h for the HCT-116
model, P = 0.0003). From these results, fluorescently-
labeled Ivonescimab effectively targeted VEGF-
expressing tumors in vivo, demonstrating its potential
as a diagnostic imaging agent for CRC detection.
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H&E staining

Histological examination showed normal tissue ar-
chitecture across various major organs, with no signs
of inflammation or pathological damage following
radiotracer administration (Fig. 7).

Liver

Kidney

e f'?"c

Fig. 7 Hematoxylin and eosin (H&E) staining of major organs following radiotracer administration. Histology of the heart, lung, liver,
kidney, stomach, intestine, pancreas, and spleen revealed well-preserved tissue architecture with no signs of inflammation, necrosis, or

other pathological changes. Scale bar: 100 pm

Immunofluorescence staining

Immunofluorescence staining was performed to assess
vascularization (CD31) and VEGF expression in the
tumor and surrounding normal tissues. Tumors derived
from HCT-116 xenografts showed abundant CD31-
positive vasculature along with strong VEGF expression
(Fig. 8).

In non-tumor tissues, CD31 staining revealed well-
defined vascular structures throughout, while VEGF
expression was negligible compared to that in tumor
tissue.

Extrapolation of radiation dosimetry to humans

Dosimetry was assessed using OLINDA/EXM software
(Stabin et al. 2005). Human radiation doses were
estimated from %ID/g values obtained via PET imaging
in BALB/c mice, assuming comparable biodistribution
in humans. Absorbed doses were calculated using
OLINDA output data in combination with tissue
weighting factors from ICRP Publication 103 (2007).
The estimated effective dose for an adult female was
0.036 mSv/MBq (Table 1), aligning with established
safety standards in nuclear medicine research.

6 | October 2025 | Volume 11 | Issue X

DISCUSSION

Noninvasive ImmunoPET is an advanced molecular
imaging approach that offers high specificity, affinity,
and sensitivity through antibody-based targeting
(Huang et al. 2025c, e). This technique enables real-
time, dynamic visualization of molecular targets, such
as VEGF, supporting precise monitoring of tumor biol-
ogy and therapeutic response (Huang et al. 2025b).

In May 2024, Ivonescimab became the first bispecific
antibody approved by China's National Medical Pro-
ducts Administration (NMPA) for clinical use. It was
approved in combination with chemotherapy for
patients with locally advanced or metastatic EGFR-
mutant non-squamous NSCLC who had progressed
following EGFR-TKI therapy. Ivonescimab uniquely
targets both PD-1 and VEGF-A, representing a signifi-
cant advance in the field of cancer immunotherapy
(Crescioli et al. 2025; Sankar and Reckamp 2025). In
our study, we employed [®*Cu]Cu-NOTA-Ivonescimab
for ImmunoPET imaging in preclinical CRC models,
achieving high-resolution and quantitative delineation
of VEGF expression. To further enhance spatial re-
solution and extend imaging capability, we integrated
near-infrared fluorescence imaging using IRDye
800CW-conjugated Ivonescimab. This dual-modality

© The Author(s) 2025
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Fig. 8 Immunofluorescence staining of VEGF expression and vascularization (CD31) in tumor and major organs. Representative im-
ages of tumor and normal tissues stained with DAPI (blue), CD31 (green), and VEGF (red) demonstrate prominent vascularization and
high VEGF expression in HCT-116 tumors. In contrast, normal organs — including heart, liver, lung, kidney, stomach, pancreas, intestine,
and spleen — exhibited well-defined CD31-positive vascular structures but minimal VEGF expression. These results confirm the tumor-
specific overexpression of VEGF and support the rationale for VEGF-targeted imaging and therapeutic strategies. Scale bar: 100 um

strategy provides complementary visualization, espe- Prior studies have confirmed the feasibility and
cially beneficial for fluorescence-guided surgical utility of VEGF-targeted ImmunoPET in preclinical
interventions. oncology (Chen et al. 2024; Meyer et al. 2016). Meyer et

© The Author(s) 2025 7 | October 2025 | Volume 11 | Issue X



RESEARCH ARTICLE

W. Huang et al.

Table 1 Human organ radiation
[64Cu]Cu-NOTA-Ivonescimab

dosimetry estimation of

Target organ mSv/MBq

Adrenals 3.19x 10
Brain 8.94 x 107>
Breasts 3.39x 1073
Esophagus 1.32x 1073
Gallbladder wall 3.04x 107
Left colon 1.71x 1073
Small intestine 3.40 x 10
Stomach wall 4.49 x 1073
Right colon 1.63 x 1073
Rectum 7.80 x 1074
Heart wall 1.03x 1073
Kidneys 3.19x 1074
Liver 1.44 x 1073
Lungs 6.56 x 1073
Ovaries 1.36x 1073
Pancreas 2.29x 1074
Salivary glands 2.87 x 10™*
Red marrow 6.77 x 1073
Osteogenic cells 3.84x 10
Spleen 3.05x 10
Thymus 3.27 x10™*
Thyroid 1.22x 1073
Urinary bladder wall 1.20x 1073
Uterus 1.56 x 107*
Effective dose 3.60 x 1072

al. (Meyer et al. 2016) pioneered two 8°Zr-labeled
tracers, scVR1/Zr and scVR2/Zr, based on single-chain
VEGF-A (scVEGF) variants with selective binding to
VEGFR-1 and VEGFR-2, respectively. These innovative
tracers demonstrated rapid tumor uptake and in-
creasing tumor-to-blood ratios over time in orthotopic
4T1luc breast tumor-bearing BALB/c mouse models.
Competitive inhibition experiments using an excess of
unlabeled proteins demonstrated that over 80% of
tumor uptake was receptor-mediated. Immunohisto-
chemical analyses further differentiated receptor
localization, revealing that VEGFR-1 was predominantly
expressed on stromal and tumor cells, whereas VEGFR-
2 was primarily found on CD31-positive endothelial
cells, corroborating PET imaging data. Compared to
scVR1/Zr and scVR2/Zr, the tracer [®*Cu]Cu-NOTA-
Ivonescimab described in our study offers practical
advantages by utilizing the clinically approved
Ivonescimab antibody, thus streamlining clinical
translation and broadening its theranostic potential.

In a recent preclinical study, Chen et al. (Chen et al.
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2024) introduced a dual-modality theranostic strategy
using aflibercept (Abe), a high-affinity decoy receptor
that targets both VEGF and PIGF. Abe was labeled with
89Zr for PET imaging and lutetium-177 for targeted
radiotherapy in renal cancer models. In Renca tumor-
bearing mice, the tracer [?°Zr]Zr-Abe exhibited
significant and specific tumor uptake, with peak tumor-
to-blood and tumor-to-muscle ratios reaching 2.17 *
0.44 and 11.75 + 3.59, respectively, at five days post-
injection. Blocking studies confirmed target specificity,
showing markedly reduced tracer uptake. These
findings were further validated by complementary
fluorescence imaging using Cy5.5-conjugated Abe,
which showed highly selective tumor accumulation.
Treatment with [17’Lu]Lu-Abe substantially suppressed
tumor growth, with standardized tumor volumes
reaching only 207.6 + 49.5% by day 14, compared to
1064.3 * 706.0% in the PBS control group (P < 0.05).
These compelling results underscore the therapeutic
benefit and clinical utility of VEGF-targeted theranostics.

In our work, Ivonescimab was directly radiolabeled
to produce [**Cu]Cu-NOTA-Ivonescimab, a radiotracer
with high radiochemical purity, excellent in vitro
stability, and VEGF-specific targeting in preclinical CRC
models. Moreover, biodistribution studies and Immuno-
PET imaging indicated notable hepatic uptake across all
experimental groups, suggesting that liver metabolism
and systemic circulation impact the tracer's pharmaco-
kinetics. The gradual decline in hepatic signal over time
aligns well with the known clearance profile of
monoclonal antibodies cleared through hepatic path-
ways. Notably, [¢*Cu]Cu-NOTA-Ivonescimab enables
non-invasive, whole-body evaluation of VEGF
expression, offering a major advantage over traditional
biopsies and serum biomarkers, which often fail to
capture the full extent and spatial heterogeneity of
tumor burden.

Our findings present valuable insights into the
pharmacokinetics and in vivo biodistribution of
Ivonescimab, advancing our understanding of its
translational relevance for VEGF-targeted therapies.
Conjugation of Ivonescimab to IRDye 800CW allowed
for extended fluorescence imaging, enabling detailed
characterization of biodistribution over time and
helping to determine the optimal therapeutic windows.
Our dual-modality approach combines the deep-tissue,
quantitative imaging capability of [®*Cu]Cu-NOTA-
Ivonescimab with the real-time, high-resolution
visualization provided by IRDye 800CW. Together,
these complementary strengths offer a clinically
relevant strategy that supports comprehensive cancer
care, including diagnosis, treatment monitoring, and
fluorescence-guided surgery.

© The Author(s) 2025
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PET imaging offers high sensitivity, deep tissue
penetration, and accurate whole-body quantification of
tracer distribution. NIRF imaging provides real-time,
high-resolution visualization of superficial lesions,
making it especially valuable for fluorescence-guided
surgery. In contrast to previously reported VEGF-
targeted tracers, our approach uses a single, clinically
validated bispecific antibody scaffold to support both
imaging modalities. This integration simplifies clinical
translation and expands the potential for broader
diagnostic and theranostic applications.

Nonetheless, this study has several limitations. The
relatively small sample size in each experimental group
warrants further validation in larger cohorts to confirm
reproducibility and robustness. In more complex tumor
models featuring tumor-infiltrating lymphocytes (TILs)
and PD-1 expression, signal interpretation may be more
challenging. Future work will focus on engineering
smaller Ivonescimab fragments, such as F(ab'),
(~110 kDa) or Fab (~55 kDa), to improve phar-
macokinetics while maintaining high specificity and
binding affinity.

CONCLUSION

In summary, this study demonstrates the successful
conjugation of Ivonescimab to the NOTA chelator and
subsequent radiolabeling with copper-64. Our
approach produces [¢*Cu]Cu-NOTA-Ivonescimab, a
highly stable and pure tracer suitable for ImmunoPET
imaging in preclinical colorectal cancer models. Our
results underscore the strong potential of [®*Cu]Cu-
NOTA-Ivonescimab as a versatile imaging agent for
precise diagnosis, treatment monitoring, and thera-
peutic guidance in VEGF-expressing malignancies.

EXPERIMENTAL PROCEDURES
Materials and methods

A comprehensive evaluation of [®*Cu]Cu-NOTA-
Ivonescimab was performed using various analytical
methods. Athymic Nude-Foxnlnu mice (Envigo) bear-
ing HCT-116 tumors were injected with [®*Cu]Cu-
NOTA-Ivonescimab (7.4-11.1 MBq/100 pL), followed
by PET imaging at 1, 4, 12, 24, and 48 h post-injection.
Ex vivo biodistribution studies were conducted after
each PET scan. To assess fluorescence-guided surgical
potential, IRDye 800CW-labeled Ivonescimab was
administered to HCT-116 tumor-bearing mice, with in
vivo and ex vivo fluorescence imaging performed over a

© The Author(s) 2025

7-d period. Blocking studies and quantitative fluo-
rescence analysis were conducted to validate target
specificity. Detailed experimental protocols and reagent

information are available in the supplementary
information.

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources

should be directed to the lead contact, Weibo Cai
(wcai@uwhealth.org).

Materials availability
This study did not generate novel unique materials.
Data and code availability

All data needed to evaluate the conclusions of the study
are presented in the paper and the supplementary
information.
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