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Abstract 

Rationale: Prostate cancer remains a leading cause of cancer-related mortality in men. Although PSMA-directed 
theranostics have achieved clinical success, heterogeneous expression and therapy-induced downregulation limit their 
broad applicability. B7-H3 (CD276), which is highly and stably expressed in prostate cancer, represents a promising 
alternative theranostic target. 
Methods: A B7-H3 targeted antibody-drug conjugate (ADC) was radiolabeled with [89Zr]Zr- for immunoPET imaging and 
[177Lu]Lu for radionuclide therapy. In vitro binding specificity, in vivo tumor targeting, biodistribution, therapeutic efficacy, 
dosimetry, and safety were systematically assessed in prostate cancer xenograft models, with comparisons to radiolabeled 
antibody, ADC monotherapy, sequential therapy, and vehicle controls. 
Results: Histological analysis in prostate cancer patients suggested B7-H3 was consistently and highly expressed in primary 
and metastatic lesions and remained stable under therapeutic intervention. [89Zr]Zr-B7-H3 ADC immunoPET imaging 
demonstrated high and specific tumor uptake (33.2 ± 1.0 %ID/g at 144 h) and favorable tumor-to-background ratios. 
Therapeutic studies revealed that [177Lu]Lu-B7-H3 ADC achieved marked tumor growth inhibition and survival benefit, with 
comparable efficacy even if reduced the dose of ADC in the treatment system. Integrated [177Lu]Lu-ADC therapy 
outperformed radiolabeled antibody, ADC monotherapy, and sequential treatment strategies. No additional organ toxicity 
was observed compared with ADC alone, and transient hematological changes following [177Lu]Lu administration were 
reversible. 
Conclusions: The [89Zr]Zr-/[177Lu]Lu-B7-H3 ADC theranostic platform enables accurate imaging, precise tumor targeting, 
and enhanced antitumor efficacy at reduced ADC doses without increasing systemic toxicity, supporting its translational 
potential for prostate cancer. 
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Introduction 
Prostate cancer remains a leading cause of 

cancer-related mortality in men worldwide, with 
disease recurrence and metastatic progression 
representing the principal drivers of poor clinical 

outcomes. Although localized prostate cancer can 
often be effectively managed by surgery or 
radiotherapy, a substantial proportion of patients 
eventually develop advanced disease that requires 
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systemic treatment [1-4]. Despite recent advances in 
targeted therapy, immunotherapy, and radionuclide 
therapy, therapeutic responses in advanced prostate 
cancer remain heterogeneous, underscoring the need 
for novel targets and more effective precision 
treatment strategies [5-7]. 

Theranostics, integrating molecular imaging 
with targeted therapy, has emerged as a 
transformative paradigm in prostate cancer 
management, exemplified by the clinical success of 
PSMA-directed agents [8-10]. However, PSMA 
expression is heterogeneous and may be 
downregulated during disease progression or under 
therapeutic pressure, limiting its universal 
applicability [7]. These limitations have prompted the 
search for alternative tumor-associated targets with 
broader and more stable expression profiles. Among 
emerging candidates, B7 homolog 3 (B7-H3; CD276), 
an immune checkpoint molecule, has gained 
increasing attention due to its high and consistent 
expression in prostate cancer and metastases even 
under therapeutic intervention [11-13]. 

Beyond its immunomodulatory function, B7-H3 
contributes to tumor growth, metastasis, 
angiogenesis, and therapy resistance through non- 
immunological mechanisms [14]. These characteristics 
make B7-H3 an ideal target for targeted therapy and 
antibody-drug conjugates (ADCs), which leverage 
antibody specificity to deliver potent cytotoxic 
payloads directly to tumor cells while sparing healthy 
tissues [14, 15]. B7-H3–targeted ADCs have 
demonstrated encouraging antitumor activity in 
prostate cancer [13]; however, optimizing therapeutic 
efficacy while maintaining a favorable safety profile 
remains an important challenge [14]. In this context, 
strategies that improve efficacy by synergistic 
theranostic approach and enable real-time assessment 
of target expression are particularly valuable. 

Here, we report an integrated B7-H3–targeted 
theranostic platform based on a B7-H3–directed ADC, 
employing [89Zr]Zr-B7-H3 ADC for immunoPET 
imaging and [177Lu]Lu-B7-H3 ADC for targeted 
radionuclide therapy. This approach enables 
noninvasive evaluation of B7-H3 expression, precise 
tumor targeting, and combined cytotoxic mechanisms 
through radionuclide-induced DNA damage and 
ADC-mediated payload delivery [14, 16]. Using 
preclinical prostate cancer models, we demonstrate 
that this radiation–ADC strategy achieves enhanced 
antitumor efficacy at reduced ADC doses without 
increasing systemic toxicity, supporting its potential 
as a clinically translatable theranostic solution for 
B7-H3–expressing prostate cancer. 

Materials and Methods 
Patients and tissue samples 

The patients and tissue samples in this study 
were a subgroup of our previous study [17]. 
Specifically, immunohistochemical (IHC) analyses 
were performed to evaluate the expression of 
prostate-specific membrane antigen (PSMA) and 
B7-H3 in twenty primary prostate cancer tissues and 
twenty bone metastasis specimens, which were 
randomly selected from patients treated at Peking 
University First Hospital between 2013 and 2023. 

IHC staining intensity and antigen expression 
levels were quantified using an image-based 
semi-quantitative H-score system, consistent with the 
methodology described in our prior study [17]. The 
H-score was calculated as: 

score = (% weak staining × 1) + (% moderate staining 
× 2) + (% strong staining × 3) 

Staining intensity thresholds (weak, moderate, 
strong) were defined according to predefined criteria 
within the image analysis workflow, and 
representative fields from each tissue section were 
evaluated under standardized imaging conditions. 

The patients and tissue samples involved in this 
study were approved by the Ethics Committee of 
Peking University First Hospital, with exemption 
from informed consent (Approval No. 2023-289-001). 

Radiopharmaceutical preparation and quality 
control 

B7-H3 ADC used in this work was generously 
provided by the Dept. Urology of Peking University 
First Hospital. The antibody moiety of the ADC is a 
human anti-B7-H3 monoclonal antibody (mAb) that is 
covalently linked to topoisomerase inhibitors, and the 
antibody component of this ADC is specific for 
human B7-H3. Another human B7-H3 mAb was used 
as the control, which was also provided by the Dept. 
Urology of Peking University First Hospital. 

The affinity between B7-H3 antibody (Ab) / 
ADC and B7-H3 protein (KactusBio) were assessed 
using the Octet RED96 (Sartorius) bio-layer 
interferometry (BLI) system. After immersing proA 
biosensors in phosphate buffered saline (PBS) solution 
for 10 minutes, the Ab (10 µg/mL) were captured and 
then dipped into wells containing B7-H3 protein of 
300, 150, 75, 37.5, 18.75, 9.375 and 4.688 nM for 2 
minutes, with dissociation occurring in PBS solution. 
The affinity values were measured. Octet Analysis 
Studio 13.0 software (Sartorius) was used to conduct 
data analysis. 

B7-H3 ADC was conjugated with SCN-Bn-Df 
(Macrocyclic) and DOTA-NHS-ester (Macrocyclic) at 
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a molar ratio of 1:20 in a carbonate-bicarbonate buffer 
(pH 9.2). Purification was then performed using 
PD-10 columns (GE Healthcare). DFO-B7-H3 ADC 
was radiolabeled with [89Zr]Zr-oxalic acid (37–111 
MBq) in 1 M oxalic acid, which was neutralized to a 
pH of 7.0–7.5 using 0.5 M HEPES buffer and 2 M 
Na2CO3, and then mixed with DFO-B7-H3 ADC at 
37 °C for 2 h. For [177Lu]Lu labeling, DOTA-B7-H3 
ADC were incubated with [177Lu]LuCl3 
(300 MBq/mg), in 0.1 M sodium acetate buffer (pH 
4.5–5.5) at 37 °C for 1 h. PD-10 columns (GE 
Healthcare) were used for purification. 

The radiochemical purity of [89Zr]Zr-B7-H3 ADC 
and [177Lu]Lu-B7-H3 ADC was analyzed by radio 
thin-layer chromatography (radio-TLC), using 
disodium ethylene diamine tetraacetate (EDTA-2Na, 
50 mM, pH 4.5) as the mobile phase and silica gel–
impregnated glass fiber strips as the stationary phase. 

Western blot (WB) 
Western blot analysis was performed following 

the standard protocols [18]. Briefly, cells were 
collected and lysed in RIPA buffer containing 1% 
protease inhibitor (Beyotime Biotechnology) for 
30 min on ice. After centrifugation (12,000 rpm, 4 ℃, 
30 min), the supernatant was collected and protein 
concentration was measured using a BCA kit 
(Beyotime Biotechnology). Protein samples (30 μg per 
lane) were separated by 10% SDS-PAGE gel (120 V, 
60 min) and transferred onto PVDF membranes 
(300 mA, 100 min). The membranes were blocked 
with 5% skimmed milk in TBST buffer for 2 h, then 
incubated with primary Ab against B7-H3 
(Proteintech, 30052-1-AP, 1:8000) and β-actin 
(ABclonal, AC026, 1:5000) at 4 °C overnight, followed 
by HRP-conjugated secondary Ab (1:2000) for 1 h at 
room temperature. Protein bands were visualized 
using ChemiDoc™ MP Imaging System (Bio-Rad) 
with an Affinity ECL kit (ThermoFisher Scientific), 
and quantified via ImageJ software (v1.52, NIH). 

Cell culture and animal models 
Prostate cancer cell lines (22RV1, PC-3, LNCaP, 

C4-2B) and control cell line (A549, lung cancer, 
B7-H3-) were purchased from the Cell Resource 
Center, Peking Union Medical College. All cells were 
cultured in RPMI 1640 medium with 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin 
(Invitrogen) at 37 °C, 5% CO2. 

All animal experiments were performed under 
protocols approved by Peking University First 
Hospital Animal Committee (J2024167). 6-week-old 
BALB/c nude male mice (Charles River) were 
implanted with cells at the concentration of 5 × 106 
cells mL-1 to establish subcutaneous tumor models for 

treatment once the tumors reached a diameter of 5–
10 mm. 6-week-old male BALB/c mice (Charles 
River) were used for safety and toxicity evaluation. 

Flow cytometry 
Following collection and washing, cells (1 × 106) 

were centrifuged for 5 min at 500 × g. Cells were then 
incubated with theranostic agent B7-H3 ADC 
(20 μg/mL) or isotype control at 4 °C for 1 h, followed 
by three washes with cold PBS. Subsequently, cells 
were stained with a FITC-labeled anti-human IgG 
secondary Ab (ThermoFisher Scientific, 1:1000) at 4 °C 
for 1 h. After three additional washes, samples were 
resuspended and analyzed on a LSRFortessa cell 
analyzer (BD Biosciences). Data were processed using 
FlowJo software (v10.9, BD Life Sciences). 

PET imaging of [89Zr]Zr-labeled B7-H3 ADC 
and Ab 

22RV1 and A549 tumor models were 
intravenously injected with [89Zr]Zr-B7-H3 ADC (3.0–
3.7 MBq, 8–10 μg per mouse, n = 4) or [89Zr]Zr-B7-H3 
Ab (3.0–3.7 MBq, 8–10 μg per mouse, n = 3) for PET 
imaging. The mice of [89Zr]Zr-B7-H3 ADC-block 
group were injected with 150 mg/kg B7-H3 ADC one 
day before the [89Zr]Zr-B7-H3 ADC injection. The 
mice were anesthetized with 2% isoflurane, and small 
animal PET/CT (Novel Medical Equipment) scans 
were performed at 2 h, 24 h, 48 h, 72 h, 96 h, 120 h and 
144 h post injection, respectively. Quantitative results 
were obtained by drawing regions of interest (ROI) at 
tumor, heart, liver, kidney and muscle. 
Biodistribution was performed at 144 h post injection 
on a gamma counter (Hidex). 

Therapeutic administration and monitoring 
Animals received [177Lu]Lu-B7-H3 ADC 

(7.4 MBq, 50 μg), [177Lu]Lu-B7-H3 ADC (1.9 MBq, 
50 μg), [177Lu]Lu-B7-H3 ADC (7.4 MBq, 25 μg), 
[177Lu]Lu-B7-H3 Ab (7.4 MBq, 50 μg), [177Lu]Lu-IgG 
(7.4 MBq, 50 μg), unlabeled B7-H3 ADC (50 μg and 
25 μg) or PBS vehicle respectively (n = 5 per group). In 
addition, a sequential therapy group was included, in 
which mice received unlabeled B7-H3 ADC (25 μg) on 
D0, followed by [177Lu]Lu-B7-H3 ADC (7.4 MBq, 
25 μg) on D6. 

Tumor dimensions and body weight were 
monitored over a 40-day observation period, with 
assessments performed every other day. Tumor 
dimensions were measured using calipers, and tumor 
volumes were calculated according to the formula: 
1/2 × length × width × width. Standardized 
photographic documentation was obtained on D0, D6, 
D12, D18, D24, and D30 under consistent lighting 
conditions to qualitatively assess changes in tumor 
morphology. 
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Animals were monitored daily for predefined 
humane endpoint criteria, including tumor volume 
exceeding 1,000 mm3, or the development of severe 
ulceration or impaired mobility. Any animal meeting 
these criteria was immediately euthanized in 
accordance with institutional animal care guidelines. 

Longitudinal SPECT/CT imaging of [177Lu]Lu- 
B7-H3 ADC (7.4 MBq, 50 μg), [177Lu]Lu-B7-H3 ADC 
(1.9 MBq, 50 μg), [177Lu]Lu-B7-H3 Ab (7.4 MBq, 50 μg) 
and [177Lu]Lu-IgG (7.4 MBq, 50 μg) were performed at 
D1, D4 and D7 post injection until the counts were too 
low to complete imaging. 

Safety assessments of [177Lu]Lu-B7-H3 ADC 
Hematological analysis, biodistribution and 

haematoxylin and eosin (H&E) staining of major 
organs were performed after the treatment at D7, D14, 
D21 and D28 in 6-week-old, normal male BALB/c 
mice (n = 3, Charles River). The maximum tolerated 
activity was explored in 6-week-old, normal male 
BALB/c mice (n = 5, Charles River). Venous whole 
blood and serum samples were collected for whole 
blood cell analysis and blood biochemical tests, 
including alanine aminotransferase (ALT), aspartate 
transaminase (AST), creatinine (CREA), platelet 
(PLT), red blood cell (RBC), white blood cell (WBC).  

Biodistribution assessment 
Ex vivo biodistribution studies were performed. 

Blood samples were collected via ocular extraction, 
and tumors along with major organs (heart, lung, 
liver, spleen, kidney, stomach, intestine, pancreas, 
bladder, muscle, bone and brain) were excised, 
weighed, and placed into counting tubes. The 
radioactivity of each sample was measured using a 
gamma counter (Hidex AMG Automatic Gamma 
Counter) calibrated for [89Zr]Zr- or [177Lu]Lu. 

Histological staining 
Hematoxylin-eosin (H&E) staining was 

performed on tumor, heart, liver, spleen, kidney and 
stomach of mice according to a standard procedure 
[19]. For immunohistochemical (IHC) analysis, tumor 
sections were used to evaluate the expression of Ki-67 
and B7-H3. Briefly, 5-μm-thick serial sections were 
dewaxed, rehydrated, and subjected to antigen 
retrieval. Sections were then incubated overnight at 
4 °C with primary Ab against B7-H3 (Abcam, 
ab227670, 1:100) or Ki-67 (Servicebio, GB111499, 
1:500). After washing, corresponding HRP-conjugated 
secondary Ab were applied for 1 h at room 
temperature. Signals were developed using DAB, and 
sections were counterstained with hematoxylin. All 
images were acquired using an A1R confocal 

microscope (Nikon). 

Statistical analysis 
Statistical analyses were performed using R 

(version 4.4.1). Continuous variables were expressed 
as mean ± standard deviation (SD). Two-way analysis 
of variance (ANOVA) and Student’s t-test were used 
for comparisons among groups, with Pearson 
correlation and Spearman correlation for association 
analyses. P < 0.05 was considered statistically 
significant. 

Results 
Clinical characterization of B7-H3 expression 

Baseline characteristics of patients in clinical 
specimen analysis could be seen in Table S1, 
including median age (66.5 years, IQR 64.8–73.3), 
t-PSA levels (23.4 ng/mL, IQR 12.7–79.4), and 
International Society of Urological Pathology (ISUP) 
grade distribution (primary tumors: Grade 1–5). Bone 
metastases were characterized by AR expression 
(Negative: 20%, Weak: 10%, Moderate: 30%, Strong: 
40%). 

Immunohistochemical analysis of B7-H3 
expression patterns in prostate cancer patient-derived 
samples revealed significantly higher staining 
intensity in tumor tissues compared to matched 
para-cancerous tissues (P < 0.001, Figure 1A-B). 
Comparative analysis of B7-H3 expression patterns 
revealed no statistically significant difference between 
primary tumors and bone metastases (P = 0.119) 
(Figure 1C). The H-score of B7-H3 staining intensity 
was higher in primary tumors compared with bone 
metastases (Figure S1A), but in the strong staining 
subgroup, no statistically significant difference was 
observed between primary tumors and bone 
metastatic lesions (Figure S1B). While primary 
tumors and bone metastases exhibited comparable 
B7-H3 levels, B7-H3 expression was consistently high 
in both primary and metastatic lesions, with 
significantly higher retention in metastases than 
PSMA (P = 0.004), indicating stable expression across 
prostate cancer (Figure 1D). Correlation analyses 
revealed no significant association between B7-H3 
and PSMA expression levels, as evidenced by both 
Spearman (ρ = 0.27, P = 0.088, Figure 1E) and Pearson 
(R = 0.34, P = 0.054, Figure 1F) correlation coefficients. 
Therapeutic intervention monitoring showed limited 
efficacy of conventional treatments in modulating 
B7-H3 expression, with androgen ablation therapy, 
chemotherapy, and radiotherapy all demonstrating 
minimal impact on B7-H3 levels in treated tumor 
tissues (Figure 1G). 
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Figure 1. B7-H3 is highly expressed in prostate cancer and bone metastases, and remains stable under therapeutic intervention. (A) Distribution of B7-H3 
immunohistochemical staining grades in paired para-cancerous and tumor tissues. (B) Comparative analysis of B7-H3 staining intensity between para-cancerous and tumor 
tissues. (C) Distribution of B7-H3 staining grades in primary tumors vs. bone metastasis specimens. (D) Quantitative comparison of H-scores for B7-H3 and PSMA expression 
in primary tumors and bone metastases. (E) Spearman's rank correlation between PSMA and B7-H3 staining scores. (F) Pearson correlation analysis between PSMA and B7-H3 
H-scores. (G) Representative B7-H3 immunohistochemical staining in tumor tissues before and after therapy: androgen ablation therapy (top); chemotherapy (middle); 
radiotherapy (bottom). 

 
Construction and in vitro validation of a B7- 
H3–targeted theranostic ADC 

As outlined in Figure 2A, [89Zr]Zr- and [177Lu]Lu 
labeled B7-H3 ADC were prepared by conjugating 
DFO and DOTA to explore the potential theranostic 
application of B7-H3 ADC. The labeling yield of 
[177Lu]Lu‐labeled B7-H3 ADC was more than 60% and 
the radiochemical purity was more than 99%. The 
specific activity of the final [177Lu]Lu labeled B7-H3 
ADC was approximately 370 MBq/mg. [177Lu]Lu‐
labeled ADC could maintain good stability regardless 
of whether it was stored in 0.01 M PBS and 5% human 
serum albumin (HSA) (Figure S2). 

Western blot analysis demonstrated high B7-H3 
expression in both androgen-sensitive (LNCaP, 
22RV1) and castration-resistant (PC-3, C4-2B) prostate 
cancer cell lines, compared to control A549 cells, 
which showed negligible expression (Figure 2B-C). 
BLI analysis indicated that the B7-H3 ADC exhibited 
stronger binding affinity to B7-H3 protein compared 
with the B7-H3 Ab, with KD values of 15.1 nM and 
171.8 nM, respectively (Figure 2D-E). Flow cytometry 
further confirmed specific binding of the B7-H3 ADC 
to B7-H3–positive prostate cancer cell lines (Figure 
2F). 

ImmunoPET imaging and biodistribution of 
[89Zr]Zr-B7-H3 ADC 

22RV1, 22RV1 block and A549 models were 
established for PET imaging with [89Zr]Zr-B7-H3 

ADC. Serial maximum intensity projection (MIP) 
PET/CT images demonstrated prominent [89Zr]Zr- 
B7-H3 ADC accumulation in B7-H3–positive 22RV1 
tumors, whereas markedly reduced uptake was 
observed in both the 22RV1 blocking group and A549 
tumors (Figure 3A). Compared with [89Zr]Zr-B7-H3 
Ab, immunoPET imaging with [89Zr]Zr-B7-H3 ADC 
revealed higher specificity and time-dependent 
targeting of B7-H3–expressing tumors in vivo (Figure 
3A). Quantitative ROI analysis further confirmed 
significantly higher tumor uptake of [89Zr]Zr-B7-H3 
ADC in 22RV1 tumors compared with [89Zr]Zr-B7-H3 
Ab in 22RV1 tumors, as well as [89Zr]Zr-B7-H3 ADC 
in 22RV1 blocking and A549 models (P < 0.001; Figure 
3B). Time–activity curve analysis of [89Zr]Zr-B7-H3 
ADC in 22RV1 tumors showed progressively 
increasing tumor-to-background ratios relative to 
blood, muscle, and liver over the imaging period from 
2 to 144 h post-injection (Figure 3C). Analysis of 
off-target uptake revealed initially high accumulation 
of [89Zr]Zr-B7-H3 ADC in the liver and blood, with 
uptake values of 14.4 ± 1.2 and 16.1 ± 1.3 %ID/g at 2 h 
post-injection, respectively. Over time, [89Zr]Zr-B7-H3 
ADC exhibited progressive clearance from blood, 
muscle, and kidney, whereas hepatic retention 
remained relatively stable. By 144 h post-injection, 
residual blood activity decreased to 5.8 ± 1.1 %ID/g, 
while liver uptake persisted at 9.2 ± 1.7 %ID/g (Figure 
3D). Ex vivo biodistribution analysis at 144 h 
post-injection corroborated the in vivo imaging results, 
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demonstrating significantly higher tumor uptake in 
[89Zr]Zr-B7-H3 ADC–treated 22RV1 models (33.2 ± 1.0 
%ID/g) compared with [89Zr]Zr-B7-H3 Ab–treated 
22RV1 models (21.7 ± 2.4 %ID/g; P = 0.008), 22RV1 
blocking models (8.8 ± 1.3 %ID/g; P < 0.001), and 
A549 models (5.7 ± 1.4 %ID/g; P < 0.001, Figure 3E). 

[177Lu]Lu-B7-H3 ADC achieves superior 
tumor growth inhibition 

Treatment with [177Lu]Lu-B7-H3 ADC resulted 
in significant and radiation dose-dependent inhibition 
of tumor growth in 22RV1 tumor-bearing mice. 
Representative tumor photographs revealed 
pronounced tumor growth suppression in mice 
treated with [177Lu]Lu-B7-H3 ADC at 7.4 MBq, with 
comparable efficacy observed between the 50 μg and 
25 μg ADC dose groups (Figure S3), and the low 
radiation activity group (1.9 MBq, 50 μg) and 
[177Lu]Lu-IgG (7.4 MBq, 50 μg) also showed tumor 

inhibition effect (Figure S4, S5). [177Lu]Lu-ADC 
groups demonstrated stronger tumor inhibition than 
[177Lu]Lu-Ab (7.4 MBq, 50 μg), ADC monotherapy 
(50 μg and 25 μg), and PBS controls. Longitudinal 
tumor growth curves quantitatively confirmed this 
hierarchy of therapeutic efficacy: [177Lu]Lu-ADC 
(7.4 MBq, 50 μg) ≈ [177Lu]Lu-ADC (7.4 MBq, 25 μg) > 
ADC (25 μg) + [177Lu]Lu-ADC (7.4 MBq, 25 μg) 
sequential therapy > [177Lu]Lu-Ab (7.4 MBq, 50 μg) > 
ADC (50 μg) > ADC (25 μg) > PBS (Figure S3). 

Body weight monitoring showed no significant 
treatment-related weight loss across groups (Figure 
4B). Kaplan–Meier analysis demonstrated a clear 
survival benefit in mice treated with [177Lu]Lu-B7-H3 
ADC (Figure 4C). Individual tumor growth 
trajectories further highlighted the consistency of 
therapeutic responses in the [177Lu]Lu-ADC groups 
(Figure S3). 

 

 
Figure 2. Theranostic design of radiolabeled B7-H3 ADC and in vitro evaluation. (A) Scheme illustration of the theranostic role of [89Zr]Zr‐ and [177Lu]Lu‐labeled 
B7-H3 ADC for imaging and radiotherapy. (B) WB analysis of B7-H3 protein expression in prostate cancer cell lines (22RV1, PC-3, LNCaP, C4-2B) and negative control A549 
cell line. β-actin was used as an internal reference. (C) Relative densitometric analysis of B7-H3 protein expression (normalized to β-actin). (D) Bio-layer interferometry (BLI) 
analysis of B7-H3 Ab to B7-H3 protein. (E) Bio-layer interferometry (BLI) analysis of B7-H3 ADC to B7-H3 protein. (F) Flow cytometry analysis confirming specific binding of 
B7-H3 ADC to prostate cancer cell lines (22RV1, PC-3, LNCaP, C4-2B). 
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Figure 3. ImmunoPET imaging and biodistribution reveals specific and sustained tumor uptake of ⁸⁹Zr-B7-H3 ADC in vivo. (A) Maximum intensity projection 
(MIP) PET images demonstrated time-dependent tumor uptake of [89Zr]Zr-B7-H3 ADC in B7-H3-positive 22RV1 tumor (circle), with minimal uptake in 22RV1 block and A549 
tumors. [89Zr]Zr-B7-H3 Ab showed lower tumor uptake than [89Zr]Zr-B7-H3 ADC. (B) Quantitative Region of Interest (ROI) analysis (n = 4). (C) Time-activity curves of 
[89Zr]Zr-B7-H3 ADC in 22RV1 tumor models showing tumor-to-background ratios (TBRs) for blood (top), liver (middle), and muscle (bottom, n = 4). (D) Time-activity curves 
of [89Zr]Zr-B7-H3 ADC in 22RV1 tumor models showing off-target organ uptake in blood, kidney, liver and muscle (n = 4). (E) Ex vivo biodistribution at 144 h confirmed specific 
tumor targeting (n = 4). 
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Figure 4. [177Lu]Lu-B7-H3 ADC produces superior tumor growth inhibition compared with radiolabeled Ab and ADC monotherapy. (A) Tumor growth 
curves of different treatment groups confirmed the visual observations (n = 5). Overall therapeutic efficacy followed the order: [177Lu]Lu-ADC (7.4 MBq, 50 μg) ≈ [177Lu]Lu-ADC 
(7.4 MBq, 25 μg) > sequential therapy > [177Lu]Lu-Ab (7.4 MBq, 50 μg) > ADC (50 μg) > ADC (25 μg) > PBS. (B) Body weight monitoring showed no significant treatment-related 
weight loss, indicating good tolerability (n = 5). (C) Kaplan–Meier survival analysis demonstrated a clear survival benefit in mice treated with [177Lu]Lu-ADC (n = 5). 

 

SPECT/CT and histological analyses confirm 
enhanced therapeutic efficacy 

To further validate therapeutic outcomes, 
SPECT/CT imaging and histopathological analyses 
were performed. Serial SPECT/CT imaging 
demonstrated persistent tumor accumulation of 
[177Lu]Lu-B7-H3 ADC, whereas tumor uptake of 
[177Lu]Lu-Ab was comparatively limited (Figure 5A). 
Histological examination revealed extensive tumor 
damage in the [177Lu]Lu-B7-H3 ADC–treated group. 
B7-H3 immunohistochemistry confirmed sustained 

target expression across all treatment groups, while 
Ki-67 staining showed marked suppression of tumor 
cell proliferation following [177Lu]Lu-B7-H3 ADC 
treatment (Figure 5B). Quantitative analysis 
confirmed significantly lower Ki-67 indices in the 
[177Lu]Lu-ADC group compared with all other 
groups: [177Lu]Lu-ADC (7.4 MBq, 50 μg) ≈ 
[177Lu]Lu-ADC (7.4 MBq, 25 μg) < ADC (25 μg) + 
[177Lu]Lu-ADC (7.4 MBq, 25 μg) sequential therapy < 
[177Lu]Lu-Ab (7.4 MBq, 50 μg) < ADC (50 μg) < ADC 
(25 μg) < PBS (Figure 5C). 



Theranostics 2026, Vol. 16, Issue 11 
 

 
https://www.thno.org 

6140 

 
Figure 5. Enhanced therapeutic efficacy of [177Lu]Lu-B7-H3 ADC is confirmed by molecular and histopathological analyses. (A) Serial SPECT/CT maximum 
intensity projection (MIP) images of [177Lu]Lu-B7-H3 ADC (7.4 MBq, 50 μg) vs. [177Lu]Lu-Ab (7.4 MBq, 50 μg) in 22RV1 tumor-bearing mice at D1, D4, D7 post injection (red 
arrows indicate tumor foci). (B) Representative H&E staining demonstrating distinct therapeutic responses across treatment groups. B7-H3 immunohistochemistry confirmed 
high target expression across all groups. Ki-67 staining demonstrated different suppression across treatment groups. (C) Ki-67 proliferation analysis revealed significant 
suppression in the [177Lu]Lu-B7-H3 ADC group compared to other groups (n = 5). 

 

[177Lu]Lu-B7-H3 ADC demonstrates 
acceptable safety and dosimetry profiles 

Safety evaluation revealed no significant 
histopathological abnormalities in major organs, 
including the heart, lung, liver, spleen, and kidney, at 
the end of treatment or D40 post-treatment across all 
groups (Figure 6A). Longitudinal hematological 
analysis showed transient reductions in white blood 
cell counts in mice treated with ADC-containing 
regimens (Figure 6B). Although transient leukopenia 
was observed in both [177Lu]Lu-B7-H3 ADC and 
[177Lu]Lu-Ab treated mice, white blood cell counts 
gradually recovered over time (Figure 6C). Consistent 
safety was also observed at [177Lu]Lu-IgG (7.4 MBq, 50 
μg) and [177Lu]Lu-B7-H3 ADC (1.9 MBq, 50 μg) group 
(Figure S4, S5). In healthy BALB/c mice, the 
biodistribution results of different activity of 
[177Lu]Lu-B7-H3 ADC (7.4 MBq, 50 μg and 1.9 MBq, 50 
μg) were similar (Figure S4). Preliminary maximal 
tolerance activity of [177Lu]Lu-B7-H3 ADC was 
explored in normal male BALB/c mice (Figure S6), 

and the potentially tolerated activity in mice may be 
greater than 18.5 MBq, 100 μg. 

Discussion 
Theranostics represents an evolving paradigm in 

precision oncology, integrating diagnostic and 
therapeutic functions through matched radioactive 
isotopes [20-22]. This approach has gained particular 
application in prostate cancer management, where 
PSMA-targeted agents have demonstrated both 
clinical and commercial success [23]; however, 
heterogeneous expression, adaptive downregulation 
under therapeutic pressure, and limited applicability 
in certain disease states underscore the need for 
alternative molecular targets and more robust 
theranostic architectures [24-26]. In this context, the 
present study establishes a B7-H3–targeted 
Zr/Lu-ADC theranostic platform that integrates 
target evaluation, patient stratification, and 
synergistic therapy at the level of a single molecular 
construct. 
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Figure 6. [177Lu]Lu-B7-H3 ADC exhibits acceptable safety with no additional organ toxicity compared with B7-H3 ADC. (A) Histopathological evaluation of 
major organs at the end of treatment or D40 post-treatment, including heart, lung, liver, spleen, and kidney, showed no overt treatment-related pathological abnormalities in any 
group. (B) Longitudinal hematological analysis revealed transient alterations in white blood cell counts in mice treated with different ADC groups (n = 3). (C) Longitudinal 
hematological analysis revealed transient alterations in white blood cell counts in mice treated with [177Lu]Lu-ADC and [177Lu]Lu-Ab (n = 3). 
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B7-H3 represents a particularly attractive target 
for prostate cancer theranostics [12]. Unlike immune 
checkpoints regulated predominantly by interferon 
signaling, B7-H3 expression is closely linked to 
androgen receptor activity [27], resulting in 
consistently high expression across hormone-sensitive 
and castration-resistant prostate cancer [17, 28]. This 
stability, together with its association with aggressive 
disease features, positions B7-H3 as an attractive 
candidate for both imaging and therapy [29]. 
Importantly, our clinical data demonstrate that B7-H3 
expression is maintained following standard 
therapeutic interventions, supporting its suitability 
for longitudinal monitoring and repeated targeting. 
Although primary tumors exhibited higher mean 
H-scores, no statistically significant difference was 
observed in the categorical distribution of staining 
intensities or within the strong staining subgroup, 
indicating broadly comparable B7-H3 expression 
patterns across disease sites, and such a distribution 
profile supports the potential utility of B7-H3-targeted 
imaging and therapy across different stages of 
disease. 

A key conceptual advance of this study lies in 
the construction of a Zr/Lu-ADC–based theranostic 
platform. Previous B7-H3–targeted PET probes have 
largely relied on radiolabeled Ab or affibody-based 
constructs, which have shown promising tumor 
targeting in several solid tumors but have not been 
explored in prostate cancer [30, 31]. In our study, 
direct comparison revealed that [89Zr]Zr-labeled 
B7-H3 Ab exhibited inferior tumor retention relative 
to [89Zr]Zr-B7-H3 ADC. Consequently, we selected 
[89Zr]Zr-B7-H3 ADC—not [89Zr]Zr-B7-H3 Ab—as the 
imaging agent, ensuring that diagnostic imaging 
faithfully reflects the in vivo behavior of the 
therapeutic construct. This design choice establishes a 
coherent theranostic paradigm in which [89Zr]Zr- 
B7-H3 ADC serves as a companion imaging agent for 
[177Lu]Lu-B7-H3 ADC therapy, enabling accurate 
patient selection, lesion visualization, and dosimetric 
planning [32]. 

Beyond imaging, therapeutic targeting of B7-H3 
continues to evolve. Monoclonal Ab such as 
enoblituzumab have demonstrated acceptable safety 
profiles in early clinical settings [13], whereas B7-H3–
directed ADCs, including vobramitamab 
duocarmazine (MGC018) and ifinatamab deruxtecan 
(DS-7300), have shown meaningful antitumor activity 
in metastatic castration-resistant prostate cancer. 
Nonetheless, clinical experience has highlighted a 
narrow therapeutic window, with hematologic 
toxicities remaining a dose-limiting factor, including 
grade ≥ 3 neutropenia (25–32%) and anemia (~25%) 
[14, 33, 34]. These observations emphasize the need 

for strategies that enhance antitumor efficacy without 
proportionally increasing systemic exposure. 

Radioimmunotherapy offers a rational solution 
by combining targeted radiation delivery with 
molecular specificity. Preclinical studies targeting 
B7-H3 with α- and β-emitting radionuclides have 
demonstrated substantial tumor control across 
multiple solid tumor models [35, 36]. Building upon 
this foundation, our results show that [177Lu]Lu- 
B7-H3 ADC induces robust tumor growth inhibition 
in prostate cancer models following a single 
administration. Notably, comparable therapeutic 
efficacy was achieved at reduced ADC doses, 
indicating that the observed antitumor effect cannot 
be attributed solely to the radionuclide or the ADC 
component alone. Instead, these results support the 
presence of a true therapeutic synergy arising from 
the integrated delivery of radiation and cytotoxic 
payload within a single molecular entity. 

Importantly, we further interrogated this 
synergy by evaluating a sequential treatment strategy, 
in which unlabeled B7-H3 ADC was administered 
prior to [177Lu]Lu-B7-H3 ADC. This regimen resulted 
in intermediate antitumor efficacy, superior to ADC 
monotherapy and [177Lu]Lu-labeled Ab treatment, but 
consistently inferior to simultaneous [177Lu]Lu-B7-H3 
ADC administration. These findings indicate that 
temporal separation of ADC and radionuclide 
delivery does not fully provide the therapeutic benefit 
observed with the integrated construct. Rather than 
reflecting a simple additive effect of sequential 
cytotoxic insults, the superior efficacy of [177Lu]Lu- 
B7-H3 ADC appears to depend on concurrent 
delivery and spatial co-localization of radionuclide 
and payload at the tumor site, reinforcing the concept 
that molecular integration is a defining feature of 
effective theranostic design. 

Mechanistically, this integrated approach likely 
benefits from complementary modes of action. 
Targeted β-emission from [177Lu]Lu induces DNA 
damage within tumor cells and the surrounding 
microenvironment [37], while the ADC delivers 
cytotoxic payloads selectively to B7-H3–expressing 
cells [14]. Radiation-induced immunogenic cell death 
has been reported to promote antitumor immune 
responses through the release of tumor-associated 
antigens and damage-associated molecular patterns 
[38, 39]. However, such immune-mediated 
mechanisms cannot be functionally evaluated in the 
present study due to the immunodeficient 
background of the mouse model used. Importantly, 
B7-H3 expression remained consistently high across 
all treatment groups post-therapy. This persistence of 
target expression can be attributed to the mechanism 
of B7-H3-targeted ADC agents, which inhibit the 
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downstream signaling pathways rather 
downregulating the expression of B7-H3 [40, 41]. This 
characteristic significantly reduces the likelihood of 
tumors developing resistance to [177Lu]Lu-B7-H3 
ADC therapy, representing a substantial clinical 
advantage. 

From a safety perspective, [177Lu]Lu-B7-H3 ADC 
demonstrated a manageable toxicity profile. 
Histopathological and biochemical analyses revealed 
no additional organ toxicity attributable to 
radionuclide conjugation when compared with ADC 
monotherapy. Transient hematological changes were 
observed, consistent with known ADC-associated 
effects, but recovered over time. These findings 
suggest that incorporation of [177Lu]Lu enhances 
therapeutic efficacy without fundamentally altering 
the safety boundary of the ADC platform. Future 
development efforts could focus on optimizing the 
probe structure to accelerate blood clearance while 
maintaining tumor uptake, potentially through 
engineering smaller proteins [42]. 

Notably, the B7-H3 ADC used in this study does 
not cross-react with murine B7-H3. Therefore, safety 
findings in healthy BALB/c mice primarily reflect 
non-specific pharmacokinetics and radiation-related 
effects rather than target-mediated uptake in normal 
tissues, which should be considered when 
extrapolating toxicity profiles across species. In 
humans, B7-H3 is generally reported to show limited 
expression in normal tissues compared with tumors, 
supporting a potentially favorable therapeutic 
window [11-13]. 

Several limitations warrant consideration. First, 
22RV1 models exhibits moderate B7-H3 expression, it 
was selected based on its reproducible tumor growth 
characteristics and experimental robustness. 
Evaluation of additional models spanning a broader 
B7-H3 expression spectrum (such as LNCaP and PC3) 
may further refine PET-based stratification. Second, 
while single-dose administration demonstrated 
strong efficacy in preclinical models, optimization of 
dosing schedules and fractionation strategies will be 
necessary for clinical translation. Third, the single 
administration targeting strategy may face challenges 
in clinically heterogeneous tumor environments. This 
limitation could potentially be overcome through the 
development of bispecific constructs such as B7-H3 
and PSMA [43], PSMA and six-transmembrane 
epithelial antigen of the prostate 1 (STEAP1) [44]. 

Conclusions 
In conclusion, this study establishes a B7-H3–

targeted [89Zr]Zr- / [177Lu]Lu-ADC theranostic 
platform that enables precise tumor targeting, 
effective immunoPET imaging, and potent antitumor 

activity in prostate cancer models. By integrating 
radionuclide therapy with ADC-based targeting, this 
strategy achieves enhanced therapeutic efficacy at 
reduced ADC doses without increasing systemic 
toxicity. These findings support the clinical 
translation of [177Lu]Lu-B7-H3 ADC as a promising 
and truly synergistic theranostic approach for patients 
with B7-H3–expressing prostate cancer. 

Abbreviations 
Ab: antibody; ADC: antibody-drug conjugate; 

ALT: alanine aminotransferase; ANOVA: analysis of 
variance; AST: aspartate transaminase; B7-H3: B7 
homolog 3; CREA: creatinine; CT: computed 
tomography; DFO: desferrioxamine; DOTA: 1,4,7,10- 
tetraazacyclododecane-1,4,7,10-tetraacetic acid; FBS: 
fetal bovine serum; H&E: hematoxylin and eosin; 
HGB: hemoglobin; IHC: immunohistochemistry; IQR: 
interquartile range; ISUP: International Society of 
Urological Pathology; MIP: maximum intensity 
projection; PBS: phosphate-buffered saline; PET: 
positron emission tomography; PSMA: prostate- 
specific membrane antigen; RBC: red blood cell; ROI: 
region of interest; SD: standard deviation; SPECT: 
single-photon emission computed tomography; 
STEAP1: six-transmembrane epithelial antigen of the 
prostate 1; TBR: tumor-to-background ratio; TLC: 
thin-layer chromatography; WB: western blot; WBC: 
white blood cell. 

Supplementary Material  
Supplementary figures. 
https://www.thno.org/v16p6132s1.pdf  

Acknowledgements 
Funding 

This work was supported by the Beijing 
High-Level Innovation and Entrepreneurship Talent 
Support Program-Healthcare Platform Young Top 
Talent Projects (G202521092), Future Talent 
Development Plan in the Medical Engineering Field 
(MBZX202502-0029). Beijing Nova Program 
(20240484725). 

Data availability 
Data will be available upon reasonable request to 

Lei Kang (kanglei@bjmu.edu.cn). 

Authorship contribution statement 
Y.Q., T.G., T.W., Y.M., X.S., Q.Y., L.S., and T.Y. 

conducted the experiments and analyzed the data; 
Y.Q., Y.F., L.K. and W.C. designed the experiments. 
Y.Q. and T.G. wrote the paper. Y.F., L.K. and W.C. are 
corresponding authors. All the authors have read and 



Theranostics 2026, Vol. 16, Issue 11 
 

 
https://www.thno.org 

6144 

approved the final manuscript for publication. 

Competing Interests 
Weibo Cai declares conflict of interest with the 

following corporations: Actithera, Inc., Portrai, Inc., 
rTR Technovation Corporation, Four Health Global 
Pharmaceuticals Inc., and POP Biotechnologies, Inc. 
All other authors declare no conflict of interest. 

References 
1. Moschini M, Sharma V, Zattoni F, Quevedo JF, Davis BJ, Kwon E, et al. 

Natural History of Clinical Recurrence Patterns of Lymph Node-Positive 
Prostate Cancer After Radical Prostatectomy. Eur Urol. 2016; 69: 135-42. 

2. Freedland SJ, Humphreys EB, Mangold LA, Eisenberger M, Dorey FJ, Walsh 
PC, et al. Risk of prostate cancer-specific mortality following biochemical 
recurrence after radical prostatectomy. JAMA. 2005; 294: 433-9. 

3. Kupelian PA, Buchsbaum JC, Elshaikh M, Reddy CA, Zippe C, Klein EA. 
Factors affecting recurrence rates after prostatectomy or radiotherapy in 
localized prostate carcinoma patients with biopsy Gleason score 8 or above. 
Cancer. 2002; 95: 2302-7. 

4. Shore ND, Moul JW, Pienta KJ, Czernin J, King MT, Freedland SJ. Biochemical 
recurrence in patients with prostate cancer after primary definitive therapy: 
treatment based on risk stratification. Prostate Cancer Prostatic Dis. 2024; 27: 
192-201. 

5. Kwon ED, Drake CG, Scher HI, Fizazi K, Bossi A, van den Eertwegh AJM, et 
al. Ipilimumab versus placebo after radiotherapy in patients with metastatic 
castration-resistant prostate cancer that had progressed after docetaxel 
chemotherapy (CA184-043): a multicentre, randomised, double-blind, phase 3 
trial. Lancet Oncol. 2014; 15: 700-12. 

6. de Bono JS, Guo C, Gurel B, De Marzo AM, Sfanos KS, Mani RS, et al. Prostate 
carcinogenesis: inflammatory storms. Nat Rev Cancer. 2020; 20: 455-69. 

7. Bakht MK, Beltran H. Biological determinants of PSMA expression, regulation 
and heterogeneity in prostate cancer. Nat Rev Urol. 2025; 22: 26-45. 

8. Oprea-Lager D-E, MacLennan S, Bjartell A, Briganti A, Burger IA, de Jong I, et 
al. European Association of Nuclear Medicine Focus 5: Consensus on 
Molecular Imaging and Theranostics in Prostate Cancer. Eur Urol. 2023; 85: 
49-60. 

9. Dhiantravan N, Hofman MS, Ravi Kumar AS. Actinium-225 Prostate-specific 
Membrane Antigen Theranostics: Will α Beat β? Eur Urol. 2021; 79: 351-2. 

10. Jewell K, Hofman MS, Ong JSL, Levy S. Emerging Theranostics for Prostate 
Cancer and a Model of Prostate-specific Membrane Antigen Therapy. 
Radiology. 2024; 311: e231703. 

11. Ju Y, Watson J, Wang JJ, Yen Y-T, Gevorkian L, Chen Z, et al. B7-H3-liquid 
biopsy for the characterization and monitoring of the dynamic biology of 
prostate cancer. Drug Resist Updat. 2025; 79: 101207. 

12. Pulido R, López JI, Nunes-Xavier CE. B7-H3: a robust target for 
immunotherapy in prostate cancer. Trends Cancer. 2024; 10: 584-7. 

13. Shenderov E, De Marzo AM, Lotan TL, Wang H, Chan S, Lim SJ, et al. 
Neoadjuvant enoblituzumab in localized prostate cancer: a single-arm, phase 
2 trial. Nat Med. 2023; 29: 888-97. 

14. Ma Y, Yang Y, Huang Y, Fang W, Xue J, Meng X, et al. A B7H3-targeting 
antibody-drug conjugate in advanced solid tumors: a phase 1/1b trial. Nat 
Med. 2025; 31: 1949-57. 

15. Gronbeck C, Hadfield MJ, Grant-Kels JM. Dermatologic toxicities of 
antibody-drug conjugates. J Am Acad Dermatol. 2024; 91: 1177-88. 

16. Powers E, Karachaliou GS, Kao C, Harrison MR, Hoimes CJ, George DJ, et al. 
Novel therapies are changing treatment paradigms in metastatic prostate 
cancer. J Hematol Oncol. 2020; 13: 144. 

17. Mulati Y, Shen Q, Tian Y, Chen Y, Yao K, Yu W, et al. Characterizing PSMA 
heterogeneity in prostate cancer and identifying clinically actionable tumor 
associated antigens in PSMA negative cases. Sci Rep. 2025; 15: 23902. 

18. Li C, Yang Q, Chen Z, Qiu Y, Du Y, Wang R, et al. Noninvasive Evaluation of 
Multidrug Resistance via Imaging of ABCG2/BCRP Multidrug Transporter in 
Lung Cancer Xenograft Models. Mol Pharm. 2022; 19: 3521-9. 

19. Li C, Kang L, Fan K, Ferreira CA, Becker KV, Huo N, et al. ImmunoPET of 
CD146 in Orthotopic and Metastatic Breast Cancer Models. Bioconjug Chem. 
2021; 32: 1306-14. 

20. Bodei L, Herrmann K, Schöder H, Scott AM, Lewis JS. Radiotheranostics in 
oncology: current challenges and emerging opportunities. Nat Rev Clin Oncol. 
2022; 19: 534-50. 

21. Kostelnik TI, Orvig C. Radioactive Main Group and Rare Earth Metals for 
Imaging and Therapy. Chem Rev. 2019; 119: 902-56. 

22. Boros E, Packard AB. Radioactive Transition Metals for Imaging and Therapy. 
Chem Rev. 2019; 119: 870-901. 

23. Wang Y, Galante JR, Haroon A, Wan S, Afaq A, Payne H, et al. The future of 
PSMA PET and WB MRI as next-generation imaging tools in prostate cancer. 
Nat Rev Urol. 2022; 19: 475-93. 

24. Li T, Nalavenkata S, Fainberg J. Imaging in Diagnosis and Active Surveillance 
for Prostate Cancer: A Review. JAMA Surg. 2025; 160: 93-9. 

25. Townsend MH, Shrestha G, Robison RA, O'Neill KL. The expansion of 
targetable biomarkers for CAR T cell therapy. J Exp Clin Cancer Res. 2018; 37: 
163. 

26. Frigerio B, Morlino S, Luison E, Seregni E, Lorenzoni A, Satta A, et al. 
Anti-PSMA 124I-scFvD2B as a new immuno-PET tool for prostate cancer: 
preclinical proof of principle. J Exp Clin Cancer Res. 2019; 38: 326. 

27. Mendes AA, Lu J, Kaur HB, Zheng SL, Xu J, Hicks J, et al. Association of B7-H3 
expression with racial ancestry, immune cell density, and androgen receptor 
activation in prostate cancer. Cancer. 2022; 128: 2269-80. 

28. Guo C, Figueiredo I, Gurel B, Neeb A, Seed G, Crespo M, et al. B7-H3 as a 
Therapeutic Target in Advanced Prostate Cancer. Eur Urol. 2023; 83: 224-38. 

29. Shenderov E, Antonarakis ES. B7-H3 and Prostate Cancer: New Therapeutic 
Dance Partners. Eur Urol. 2023; 83: 239-40. 

30. Xia L, Wu Y, Ren Y, Wang Z, Zhou N, Zhou W, et al. A whole-body imaging 
technique for tumor-specific diagnostics and screening of B7H3-targeted 
therapies. J Clin Invest. 2025; 135. 

31. Burvenich IJG, Parakh S, Lee FT, Guo N, Liu Z, Gan HK, et al. Molecular 
imaging of T cell co-regulator factor B7-H3 with (89)Zr-DS-5573a. 
Theranostics. 2018; 8: 4199-209. 

32. Hofman MS, Violet J, Hicks RJ, Ferdinandus J, Thang SP, Akhurst T, et al. 
[177Lu]-PSMA-617 radionuclide treatment in patients with metastatic 
castration-resistant prostate cancer (LuPSMA trial): a single-centre, 
single-arm, phase 2 study. Lancet Oncol. 2018; 19: 825-33. 

33. Patel MR, Doi T, Koyama T, Falchook GS, Friedman CF, Piha-Paul SA, et al. 
690P Ifinatamab deruxtecan (I-DXd; DS-7300) in patients with advanced solid 
tumors: Updated clinical and biomarker results from a phase I/II study. 
Annals of Oncology. 2023; 34: S481-S2. 

34. de Bono JS, Helissey C, Fizazi K, Maroto Rey JP, Roubaud G, Antonarakis ES, 
et al. 1654P TAMARACK: Randomized Phase II trial of the B7-H3 targeting 
antibody drug conjugate (ADC) vobramitamab duocarmazine (vobra duo) in 
metastatic castration-resistant prostate cancer (mCRPC). Annals of Oncology. 
2024; 35: S996-S7. 

35. Kasten BB, Gangrade A, Kim H, Fan J, Ferrone S, Ferrone CR, et al. 
(212)Pb-labeled B7-H3-targeting antibody for pancreatic cancer therapy in 
mouse models. Nucl Med Biol. 2018; 58: 67-73. 

36. Kasten BB, Arend RC, Katre AA, Kim H, Fan J, Ferrone S, et al. B7-H3-targeted 
(212)Pb radioimmunotherapy of ovarian cancer in preclinical models. Nucl 
Med Biol. 2017; 47: 23-30. 

37. Prise KM, O'Sullivan JM. Radiation-induced bystander signalling in cancer 
therapy. Nat Rev Cancer. 2009; 9: 351-60. 

38. Demaria S, Golden EB, Formenti SC. Role of Local Radiation Therapy in 
Cancer Immunotherapy. JAMA Oncol. 2015; 1: 1325-32. 

39. Zhang S, Wang X, Gao X, Chen X, Li L, Li G, et al. Radiopharmaceuticals and 
their applications in medicine. Signal Transduct Target Ther. 2025; 10: 1. 

40. Wang R, Hu B, Pan Z, Mo C, Zhao X, Liu G, et al. Antibody-Drug Conjugates 
(ADCs): current and future biopharmaceuticals. J Hematol Oncol. 2025; 18: 51. 

41. Beck A, Goetsch L, Dumontet C, Corvaïa N. Strategies and challenges for the 
next generation of antibody–drug conjugates. Nature Reviews Drug 
Discovery. 2017; 16: 315-37. 

42. Garousi J, Lindbo S, Nilvebrant J, Åstrand M, Buijs J, Sandström M, et al. 
ADAPT, a Novel Scaffold Protein-Based Probe for Radionuclide Imaging of 
Molecular Targets That Are Expressed in Disseminated Cancers. Cancer Res. 
2015; 75: 4364-71. 

43. Xu Y, Li F, Cui Z, Xie H, Yan W, Li Y, et al. Abstract 343: GenSci143, a novel 
B7-H3×PSMA bispecific and potential best-in-class ADC, for the treatment of 
metastatic castration-resistant prostate cancer. Cancer Res. 2025; 85: 343-. 

44. Yang Q, Huang Y, Jia J, Guo H, Zhang L, Zhou Y, et al. Abstract 5821: DXC008, 
a novel STEAP1 antibody-tubulysin analog conjugate with a function linker, 
demonstrates a potential to broaden therapeutic opportunities for prostate 
tumors. Cancer Res. 2024; 84: 5821-. 


