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The diagnosis and surveillance of clear cell renal cell carcinoma
(ccRCC) remains a clinical challenge. The high and specific expres-
sion of the cluster of differentiation 70 (CD70) in ccRCC makes it a
potential diagnostic and therapeutic target. Methods: We detected
and analyzed CD70 expression in various renal cell carcinomas
(RCCs) and normal kidneys using immunohistochemical staining. Two
novel CD70-specific single-domain antibodies, RCCB3 and RCCB6,
were produced and labeled with 68Ga to develop radiotracers. We
performed immuno-PET/CT imaging with [68Ga]Ga-NOTA-RCCB3 and
[68Ga]Ga-NOTA-RCCB6 in subcutaneous ccRCC patient–derived xeno-
graft models. We recruited 8 RCC patients in a pilot clinical trial (Clinical-
Trials.gov identifier: NCT06148220) to evaluate the diagnostic utility of
[68Ga]Ga-NOTA-RCCB3 and [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT.
Results: Expression of CD70 is associated with sex, tumor differentia-
tion, tumor thrombus, necrosis, distant metastasis, and overall sur-
vival of RCC patients. RCCB3 and RCCB6 had high affinities for
recombinant human CD70. Immuno-PET/CT imaging with [68Ga]Ga-
NOTA-RCCB3 and [68Ga]Ga-NOTA-RCCB6 rapidly visualized subcu-
taneous ccRCC with clarity. Tumor uptake of [68Ga]Ga-NOTA-RCCB6
was significantly reduced after the blockade of CD70. [68Ga]Ga-
NOTA-RCCB6 PET/CT in ccRCC patients outperformed traditional
18F-FDG PET/CT in specifically identifying CD70-positive ccRCC
metastases. Conclusion: CD70-targeted immuno-PET/CT imaging
with [68Ga]Ga-NOTA-RCCB6 or [68Ga]Ga-NOTA-RCCB3 is a precise
and superior method for evaluating tumor burden and suspected
metastases in ccRCC patients. This advancement in imaging tech-
nology has the potential to improve the clinical decision-making pro-
cess for this patient cohort significantly.
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Kidney cancer accounts for around 2.2% of all adult malig-
nancies and is the third most diagnosed urogenital malignancy (1).
In adults, more than 90% of kidney cancers are renal cell carcinoma
(RCC) (2). Despite advances in diagnosis, 20–30% of patients

already suffer from advanced metastatic disease at the time of diag-
nosis (3). After receiving radical surgery, 20–30% of patients still
develop recurrence or distant metastases (4). Early and precise diag-
nosis of RCC will improve the management landscape of RCC in
terms of early and accurate staging and, more importantly, patient
stratification for molecularly targeted therapies and immunothera-
pies. PET/CT helps diagnose and surveil various cancers. 18F-FDG
is the most commonly used radiotracer in clinical practice (5).
However, 18F-FDG PET/CT has limited value in RCC because of
the interference of normally excreted 18F-FDG and the heteroge-
neous and low uptake. As a result, 18F-FDG PET/CT is not rou-
tinely recommended for diagnosing RCC (6).
Novel molecular imaging probes for RCC are being developed

to target a range of tumor biomarkers, including carbonic anhy-
drase IX (7). [89Zr]Zr-girentuximab, a monoclonal antibody–based
radiotracer targeting carbonic anhydrase IX, had demonstrated
superior sensitivity and specificity for diagnosing clear cell renal
cell carcinoma (ccRCC) in a phase 3 clinical trial (8). However,
its clinical application is hindered by the high cost of production,
week-long imaging, and potential radiation concerns (9). Molecu-
lar imaging tracers with short circulation time for convenient
same-day imaging are in high demand. A single-domain antibody
(sdAb), the variable domain of a heavy chain–only antibody, is the
minor antibody derivative with a molecular weight of 15 kDa. The
small size, excellent target recognition, and high affinity make
sdAbs robust vectors for cancer imaging and treatment (10). We
are devoted to engineering sdAb-based radiopharmaceuticals for
routine clinical use and have successfully developed a series of
novel diagnostic sdAb tracers (11,12). Clinical use of these tracers
enables precise detection of metastatic cancers and will hopefully
yield effective treatment outcomes.
The cluster of differentiation 70 (CD70), a member of the tumor

necrosis factor superfamily 7, is a type II transmembrane surface
antigen. It is only highly expressed in a small subgroup of acti-
vated memory T and B cells in normal conditions (13). Recent
studies elucidated that CD70 is highly expressed in various solid
tumors, especially in RCCs (14). Full-length therapeutic monoclo-
nal antibodies and chimeric antigen receptor T-cell immunothera-
pies targeting CD70 have become research hotspots in treating
RCC (15,16). A more recent clinical trial reported that allogeneic
CD70 chimeric antigen receptor T-cells (i.e., CTX130) had a
disease control rate of 81.3% in 16 patients with relapsed or
refractory ccRCC (17). In this setting, the visual surveillance
of CD70 expression could help diagnose ccRCC, administer
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CD70-targeted therapeutics, and monitor therapeutic responses
after the treatments. We recently reported the first-generation
CD70-targeting 18F-based sdAb tracer, [18F]RCCB6 (18,19),
which readily detected ccRCC metastases competently com-
pared with 18F-FDG PET/CT. Although delivery options are
available, the 18F-based tracer synthesis requires a dedicated
cyclotron. Since 68Ga/68Ga generators approved by the Food
and Drug Administration are commercially available for the
convenient production of 68Ga, developing a 68Ga-labeled tracer
could help spread and broaden the use of the CD70-targeted
imaging strategy. Moreover, 68Ga-labeling technology is fast
and robust, and 68Ga-labeled tracers are more likely to be used
as companion diagnostics, guiding subsequent radiopharmaceutical
therapy (20).
In the current study, we first systematically explore and eluci-

date the expression of CD70 in different types of RCCs and the
prognostic value in ccRCC. We then report the de novo synthesis,
preclinical biologic evaluation, and clinical translation of 68Ga-
labeled CD70-specific sdAb imaging tracers.

MATERIALS AND METHODS

The online supplemental material describes all the materials and meth-
ods (supplemental materials are available at http://jnm.snmjournals.org)
(21–24).

RESULTS

Expression Patterns and Clinicopathological Value of CD70
in RCC
Normal kidney tissues did not express CD70 (14), which is con-

sistent with our immunohistochemical staining results using 20
normal kidney tissues. We performed immunohistochemical stain-
ing of 424 tumor specimens from RCC patients and found that
82.82% of ccRCCs expressed CD70, of which 52.28% were
highly expressed. In comparison, only 37.29% of papillary RCC
(pRCC) and 18.67% of chromophobe RCC (chRCC) expressed
CD70 (Fig. 1A). CD70 expression was significantly higher in
ccRCC (79.286 87.09) than in pRCC (13.326 33.83, P , 0.001)
and chRCC (5.2146 12.40, P , 0.001) according to the H score
(Fig. 1A). In ccRCC, the positive rate of CD70 expression was
high in tumors with various differentiation grades as well as in
metastatic lesions (P 5 0.097; Fig. 1B; Supplemental Table 1),
indicating that CD70 is a constantly expressed biomarker for
ccRCC irrespective of the differentiation and metastasis status.
The typical images of CD70 expression in normal kidneys and
different pathologic types of RCC are shown in Supplemental
Figure 1. CD70 expression was significantly correlated with sex,
tumor thrombus, tumor differentiation, tumor necrosis, distant
metastasis, and overall survival (Table 1). Survival analysis in
176 patients from our institution (P 5 0.0127) and 878 patients

FIGURE 1. Immunohistochemical analysis of CD70 expression in RCC. (A) Percentage of different expression intensities of CD70 (left) and expression
levels of CD70 according to H score (right) in different pathologic types of RCC and normal kidneys according to immunohistochemical staining intensity.
(B) Percentage of varying expression intensities of CD70 in ccRCC with various differentiation and metastasis status. (C) Kaplan–Meier analysis of overall
survival in 176 patients from our institution (left) and 878 patients from Cancer Genome Atlas (right) with RCC stratified by CD70 expression level.
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from the Cancer Genome Atlas with RCC (P 5 0.0031) showed
reduced overall survival in patients with high CD70 expression
(Fig. 1C).

Synthesis and Characterization of [68Ga]Ga-NOTA-RCCB3 and
[68Ga]Ga-NOTA-RCCB6
We previously reported 2 CD70-specific sdAbs (RCCB3 and

RCCB6) in developing 18F-labeled tracers (18,19). We adapted
these 2 clones to develop 68Ga-labeled tracers in the study.
Sodium dodecyl sulfate–polyacrylamide gel electrophoresis and
high-performance liquid chromatography cross-validated the
purity of these 2 sdAbs as greater than 90% with a molecular
weight of 15 kDa (Figs. 2A and 2B). The binding ability of both
clones to the recombinant human CD70 protein was evaluated
using surface plasmon resonance assays (Figs. 2A and 2B; Supple-
mental Table 2). RCCB3 and RCCB6 exhibited strong binding
affinity, a high binding rate constant, and a low dissociation rate
constant with human CD70, with corresponding dissociation rates
of 5.668 and 3.372nM, respectively.

Preclinical [68Ga]Ga-NOTA-RCCB3 and [68Ga]Ga-NOTA-RCCB6
Immuno-PET/CT Imaging
The radiochemical purity of [68Ga]Ga-NOTA-RCCB3 and

[68Ga]Ga-NOTA-RCCB6 was more than 99% (Supplemental Fig. 2).
The non–decay-corrected radiolabeling yields of [68Ga]Ga-NOTA-
RCCB3 and [68Ga]Ga-NOTA-RCCB6 were 34.8% and 46.8%,
respectively, and the specific activities were 1,634.7 and 2,422.0
MBq/mmol, respectively. To investigate the diagnostic value of the 2
tracers, we established 2 ccRCC patient–derived xenograft (PDX)
models (no. 62 PDX and no. 371 PDX). Immunohistochemical anal-
ysis verified the high expression of CD70 in these 2 models (Supple-
mental Fig. 3).
We first assessed the diagnostic power of [68Ga]Ga-NOTA-

RCCB3 and [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT in the
subcutaneous no. 62 PDX model. Both tracers could visualize
tumors 1 h after injection (Figs. 3A and 3B). For [68Ga]Ga-
NOTA-RCCB3 immuno-PET/CT imaging, analysis of the region-
of-interest data showed an average tumor uptake of 3.576 0.93
percentage of injected dose per gram (%ID/g) (n 5 3). Kidney

TABLE 1
Relationship Between CD70 Expression and Clinicopathologic Characteristics in RCC

CD70 expression

Variable n Low High P

Age (y)

,55 170 125 45 0.126

$55 254 169 85

Sex

Female 132 105 27 0.002

Male 292 189 103

Tumor size (cm)

#4 208 152 56 0.101

.4 216 142 74

Lymph node metastasis

Negative 342 244 98 0.067

Positive 82 50 32

Tumor thrombus

Negative 380 270 110 0.025

Positive 44 24 20

Distant metastasis

Negative 375 267 108 0.022

Positive 49 27 22

Tumor differentiation

Well-differentiated 243 205 38 ,0.001

Poorly differentiated 181 109 72

Tumor necrosis

Absence 347 252 95 0.002

Presence 77 42 35

Overall survival

Survive 228 176 52 0.015

Death 51 31 20
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accumulation with an average value of 62.076 25.42 %ID/g was
high because of the rapid renal clearance, reabsorption, and reten-
tion of the tracer (Fig. 3A). The tumor-to-liver, tumor-to-kidney,
tumor-to-blood, and tumor-to-muscle ratios were 1.116 0.15,
0.066 0.01, 1.756 0.25, and 4.976 0.61, respectively. Subsequent
biodistribution confirmed the highest kidney accumulation of the
tracer (167.016 67.98 %ID/g), followed by the uptake in the tumor
(3.296 0.46 %ID/g) and liver (2.716 0.96 %ID/g). Retention of the
tracer in other normal tissues and organs was generally low. Similar
imaging results were achieved using [68Ga]Ga-NOTA-RCCB6
(Fig. 3B). Tumor uptake of [68Ga]Ga-NOTA-RCCB6 on region-
of-interest analysis (3.606 0.70 %ID/g) was comparable to that of
[68Ga]Ga-NOTA-RCCB3 (P 5 0.97).

Validation of [68Ga]Ga-NOTA-RCCB6 Immuno-PET/CT Imaging
Specificity
To determine the targeting specificity of [68Ga]Ga-NOTA-RCCB6

toward CD70, we did a blocking study in another group of tumor-
bearing mice. Mice in the blocking group were administered ABDB6
(Supplemental Fig. 4), an RCCB6 derivative capable of simulta-
neously binding to serum albumin and human CD70, to saturate
CD70 molecules on tumor cells. [68Ga]Ga-NOTA-RCCB6 immuno-
PET/CT imaging performed 2 d after ABDB6 blockade showed an
average tumor uptake of 0.936 0.34 %ID/g (n 5 3), which was
significantly lower than that in the nonblocking group (P 5 0.008;
Fig. 3C). We further performed immuno-PET/CT imaging with
[68Ga]Ga-NOTA-RCCB6 and [68Ga]Ga-NOTA-R5C (a negative
tracer derived from a nonspecific sdAb R5C; Supplemental Fig. 5)
in the no. 371 PDX model with higher CD70 expression. Immuno-
PET/CT imaging with [68Ga]Ga-NOTA-RCCB6 (Fig. 4A), but not
with [68Ga]Ga-NOTA-R5C (Fig. 4B), clearly delineated a subcuta-
neously inoculated tumor. Region-of-interest analysis further
revealed prominent tumor uptake of [68Ga]Ga-NOTA-RCCB6

(19.536 1.86 %ID/g, n 5 3; Fig. 4A)
compared with update of [68Ga]Ga-NOTA-
R5C (1.346 0.85 %ID/g, n 5 3; Fig. 4B)
in the no. 371 ccRCC PDX model. Thus,
the specificity of [68Ga]Ga-NOTA-RCCB6
in targeting CD70 was cross-validated.
Immunohistochemical staining was per-

formed to determine the expression of CD70
after the imaging studies. Higher membra-
nous CD70 expression was found in the
no. 371 model than in the no. 62 PDX
model (Supplemental Fig. 6), consistent
with the above imaging findings. Both
[68Ga]Ga-NOTA-RCCB3 and [68Ga]Ga-
NOTA-RCCB6 exhibited good diagnostic
value in preclinical ccRCC models, with
the specificity of [68Ga]Ga-NOTA-RCCB6
thoroughly validated.

Distribution of [68Ga]Ga-NOTA-RCCB6
and [68Ga]Ga-NOTA-RCCB3 in
RCC Patients
In a prospective clinical trial approved by

the institutional review board of the Hua-
shan Hospital, Fudan University, and regis-
tered at ClinicalTrials.gov (NCT06148220),
we investigated the feasibility, safety, and
preliminary diagnostic value of [68Ga]Ga-

NOTA-RCCB6 and [68Ga]Ga-NOTA-RCCB3 immuno-PET/CT
imaging, especially the former tracer. The institutional review board
approved this study, and all subjects provided written informed con-
sent. Eight men (age range, 51–71y) were recruited, all with patholog-
ically confirmed RCC (Supplemental Table 3). Seven of these
patients underwent [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT imag-
ing, whereas another received [68Ga]Ga-NOTA-RCCB3 imaging.
None of the patients experienced significant acute or chronic toxic
reactions during the study period. Of 4 patients having tissues for
CD70 staining, 3 patients were CD70-positive (patients 1, 2, and 8),
whereas patient 4 was negative. Overall, [68Ga]Ga-NOTA-RCCB6
was rapidly cleared from the urinary system, with high uptake found
in the kidneys and bladder with an SUVmax of 129.946 18.57 and
26.606 23.03, respectively. Minor uptake was found in the spleen
and heart with an SUVmax of 2.796 1.24 and 1.896 0.22, respec-
tively. Low uptake was found in the salivary glands, thyroid, brain,
intestine, and liver with the corresponding SUVmax of 1.246 0.24,
1.036 0.26, 0.276 0.43, 1.736 0.86, and 1.736 0.86, respectively
(Supplemental Fig. 7). The low background signal of the 2 tracers
lays a solid foundation for detecting ccRCC metastases.

Preliminary Diagnostic Value of [68Ga]Ga-NOTA-RCCB3 and
[68Ga]Ga-NOTA-RCCB6
Patient 2 was a 71-y-old man who underwent radical surgery

for right renal carcinoma in 2016 with the pathologic finding of
grade 2 to 3 ccRCC, underwent resection of a right adrenal metas-
tases in 2019, and then developed multiple thyroid and liver
metastases in 2021. The patient received sequential 18F-FDG
PET/CT and [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT imaging
for comprehensive evaluation (Fig. 5A). [68Ga]Ga-NOTA-RCCB6
immuno-PET/CT revealed additional metastatic lesions in the right
erector spinae (SUVmax, 7.1) and right gluteus maximus (SUVmax,
6.62), which were not visualized on 18F-FDG PET/CT or conven-
tional CT/MRI. [68Ga]Ga-NOTA-RCCB6 uptake in metastases

FIGURE 2. Expression and characterization of RCCB3 and RCCB6. (A) Sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (left), high-performance liquid chromatogrphy (middle), and surface
plasmon resonance (right) analysis results show purity and interacting curves of RCCB3 with recombi-
nant human CD70 protein. (B) Sodium dodecyl sulfate–polyacrylamide gel electrophoresis (left), high-
performance liquid chromatography (middle), and surface plasmon resonance (right) analysis results
show purity and interacting curves of RCCB6 with recombinant human CD70 protein. KD5 dissociation
constant; N-R5 nonreducing condition; R5 reducing condition; RU5 response unit.
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was generally higher than that of 18F-FDG: thyroid metastases
(6.24 vs. 3.82), liver metastases (15.766 8.53 vs. 3.066 0.51),
and pancreatic metastases (20.81 vs. 5.66). Hematoxylin and eosin
staining and immunohistochemical staining of the patient’s pri-
mary tumor and right adrenal metastasis confirmed ccRCC pathol-
ogy and positive staining of CD70 (Fig. 5B; Supplemental Fig. 8).
Patient 4 was a 68-y-old man undergoing left renal tumor resec-

tion with the pathology of type 2 grade 2 pRCC in 2018; the
patient then suffered from recurrence on the left posterior renal
hiatus and left pararenal, retroperitoneal lymph node metastases,
and left upper-lobe metastases since 2022, which were evident on
18F-FDG PET/CT (Supplemental Fig. 9). There was no [68Ga]Ga-
NOTA-RCCB6 uptake in the recurrence and metastases of the
patient (Fig. 6A). The SUVmax of [

68Ga]Ga-NOTA-RCCB6 in the
left lung and the parabasal abdominal aortic lymph node lesions
was 0.95 and 1.13, respectively. Hematoxylin and eosin staining
and immunohistochemical staining of the patient’s primary tumor
validated pRCC and negative staining of CD70 (Fig. 6B).
Patient 7 was a 66-y-old man with a left renal mass detected in

2021. Biopsy pathology confirmed ccRCC, and the patient received
targeted therapy and immunotherapy since then. The patient under-
went [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT imaging to evaluate

the treatment efficacy, which demonstrated
that the left renal tumor did not have tracer
uptake with an SUVmax of 1.76 (Supple-
mental Figs. 10A and 10B). The patient
underwent a left nephrectomy 2mo later,
and the pathology suggested no residual
tumor (Supplemental Fig. 10C). Patient 8
was a 60-y-old man who underwent renal
tumor resection in 2014 and left lung
metastasis resection in 2023 with a pathol-
ogy of grade 2 to 3 ccRCC. He received
[68Ga]Ga-NOTA-RCCB3 immuno-PET/
CT imaging for routine postsurgery surveil-
lance, which revealed unexpected multiple
microlung nodules with uptake (Supplemen-
tal Figs. 11A and 11B). Since immunohisto-
chemical staining of the patient’s primary
tumor showed positive staining of CD70,
these newly identified microlung nodules
with [68Ga]Ga-NOTA-RCCB3 uptake were
deemed metastases (Supplemental Fig. 11C).

DISCUSSION

CD70 is a transmembrane protein gener-
ally expressed on the surface of activated
T and B cells in response to antigenic stim-
ulation without sustained expression. A
study by Ruf et al. found that 78% of
ccRCC and 32% of pRCC expressed CD70,
whereas normal kidneys had no expression
(25). Our retrospective study confirmed that
CD70 was not expressed in normal kidneys,
and the positive rate of CD70 was up to
82.82% in ccRCC with a higher H score
(P , 0.001) but was low in pRCC and
chRCC. Moreover, CD70-positive rates
were high in well-differentiated (87.5%),
poorly differentiated (85.19%), and meta-

static (77.42%) ccRCCs. Furthermore, the expression level of CD70
is unaffected by tumor differentiation or metastasis status. A retro-
spective analysis further showed that CD70 expression was strongly
correlated with sex, tumor differentiation, tumor thrombus, necrosis,
distant metastasis, and overall survival in RCC. Other studies con-
firmed that CD70 is an oncogene that promotes tumor invasion and
metastasis and is associated with poor patient prognosis (25,26).
From the available evidence, we can conclude that CD70 is a
promising theranostic target for RCC, especially for ccRCC.
Indeed, diagnostics and therapeutics targeting CD70 are under clin-
ical investigation (17,18).
In this study, we synthesized 2 novel sdAb tracers, [68Ga]Ga-

NOTA-RCCB3 and [68Ga]Ga-NOTA-RCCB6, and evaluated the
diagnostic potential in the preclinical no. 62 ccRCC PDX model.
The average tumor uptake of the 2 tracers was 3.576 0.93 and
3.606 0.70 %ID/g 1 h after injection. The targeting potency and
specificity of [68Ga]Ga-NOTA-RCCB6 were further validated by
an ABDB6 blocking study and comparative imaging study in the
no. 371 ccRCC PDX model. On the basis of preclinical data, we
designed a first-in-human study evaluating the clinical feasibility
and diagnostic value of the developed CD70-targeted imaging
approaches. [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT imaging

FIGURE 3. [68Ga]Ga-NOTA-RCCB3 and [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT imaging in sub-
cutaneous no. 62 PDX ccRCC model. (A) [68Ga]Ga-NOTA-RCCB3 immuno-PET/CT images (left) in
subcutaneous ccRCC model 1h after injection. Region-of-interest data (middle) and radioactive bio-
distribution results (right) of [68Ga]Ga-NOTA-RCCB3 in tumors and major organs of ccRCC model.
(B) [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT images (left) in subcutaneous ccRCC model 1h after
injection. Region-of-interest data (middle) and radioactive biodistribution results (right) of [68Ga]Ga-
NOTA-RCCB6 in tumors and major organs of ccRCC model. (C) [68Ga]Ga-NOTA-RCCB6 immuno-
PET/CT images (left) in ABDB6 blocking group. Region-of-interest data (middle) and radioactive
biodistribution results (right) of [68Ga]Ga-NOTA-RCCB6 in tumors and major organs of ccRCC model.
Tumors were displayed on coronal images, indicated by arrows. HU5 Hounsfield unit.
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was performed in 7 RCC patients with
suspected metastases. Uptake of [68Ga]Ga-
NOTA-RCCB6 was significantly higher in
CD70-positive lesions (SUVmax, 10.626
7.77) than in CD70-negative lesions
(SUVmax, 1.046 0.09, P , 0.05). Prelimi-
nary data suggested that [68Ga]Ga-NOTA-
RCCB6 immuno-PET/CT imaging could
demonstrate the number and location of
ccRCC metastases, including those not evi-
dent on conventional imaging examina-
tions. The novel imaging approach may
also be used in postoperative follow-up to
monitor recurrence and metastasis. As
companion diagnostics, [68Ga]Ga-NOTA-
RCCB6 immuno-PET/CT may be used for
whole-body CD70 visualization, CD70-
specific patient selection, and response
monitoring. Our tissue microarray staining
results indicated low expression abundance
and proportion of CD70 in pRCC. In a
pRCC patient with lung and retroperitoneal
metastases, [68Ga]Ga-NOTA-RCCB6 showed
negative uptake in metastatic lesions,
whereas 18F-FDG had positive uptake,
indicating the limited value of the CD70-
targeted tracer in detecting pRCC metastases.
The correlation between [68Ga]Ga-NOTA-
RCCB6 uptake and the CD70 expression
level could not be calculated with the small
sample size. We are actively recruiting

patients to participate in our ongoing clinical trial and will be able
to draw the correlation in future studies.
As a tumor-specific marker that was hotly investigated, CD70

was confirmed to be aberrantly expressed in various tumors (27).
Previous studies have shown that CD70 on tumor cells could bind
to its receptor CD27 on lymphocytes, resulting in immunosuppres-
sion by inducing apoptosis of immune effector cells in the tumor
microenvironment (28). The high expression of CD70 in ccRCC,
a kind of immuno-hot tumor, might be associated with its immune
microenvironment, which warrants further investigation. Targeting
CD70 to eliminate CD70-positive tumor cells or to block the
CD70–CD27 signaling axis was a possible direction for ccRCC
treatment. Full-length monoclonal antibodies, antibody–drug conju-
gates targeting CD70, and anti-CD70 chimeric antigen receptor
T-cell therapies in patients with advanced ccRCC have entered clini-
cal trials (29–31). [68Ga]Ga-NOTA-RCCB6 immuno-PET imaging
allowed noninvasive visualization of CD70 expression, which could
help in selecting ccRCC patients for whom CD70-targeted therapies
may be suitable and evaluating the efficacy of these therapies.
A common feature of low-molecular-weight molecular imaging

tracers is the high kidney accumulation (10). SdAb is the most
minor antibody derivative and is well-suited for same-day molecu-
lar imaging. Rapid clearance, glomerular filtration, and renal reab-
sorption lead to a high accumulation of sdAb tracers and impaired
efficacy in diagnosing primary urinary tumors, including RCCs.
High accumulation of [68Ga]Ga-NOTA-RCCB6 in the kidneys
hinders the detection of primary RCC. Strategies such as albumin
binder incorporation and PEGylation have been exploited to
improve the pharmacokinetics and pharmacodynamics of sdAb
radiopharmaceuticals (32,33). In the efforts to develop therapeutic

FIGURE 5. [68Ga]Ga-NOTA-RCCB6 and 18F-FDG PET/CT images in
CD70-positive RCC patient. (A) Maximum-intensity projection and fused
PET/CT images of [68Ga]Ga-NOTA-RCCB6 (left) and 18F-FDG (right) in
patient 2. Metastases in thyroid, liver, right erector spinae, and right glu-
teus maximus (arrowheads) were displayed by [68Ga]Ga-NOTA-RCCB6
but not by 18F-FDG. (B) Hematoxylin and eosin (HE) staining and CD70
immunohistochemical staining of patient’s primary lesion and right adrenal
metastatic lesion.

FIGURE 4. [68Ga]Ga-NOTA-RCCB6 and [68Ga]Ga-NOTA-R5C immuno-PET/CT imaging in subcu-
taneous no. 371 PDX ccRCC model. (A) [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT images (left) in
subcutaneous ccRCC model 1 h after injection. Region-of-interest data (right) of [68Ga]Ga-NOTA-
RCCB6 in tumors and major organs of ccRCC model. (B) [68Ga]Ga-NOTA-R5C immuno-PET/CT
images (left) in subcutaneous ccRCC model 1h after injection. Region-of-interest data (right) of
[68Ga]Ga-NOTA-R5C in tumors and major organs of ccRCC model. Tumors were displayed on coro-
nal images, indicated by arrows. HU5 Hounsfield unit.
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radiopharmaceuticals targeting CD70, we have successfully engi-
neered ABDB6 with an extended in vivo half-life and full retention
of biologic activity. ABDB6-derived radiopharmaceuticals will facili-
tate the detection of primary ccRCC from the diagnostic perspective
and have an improved therapeutic index from a treatment perspective.
Several radionuclides, such as 177Lu, 225Ac, and 211At, are being
used to develop CD70-targeted radiopharmaceutical therapy agents.

CONCLUSION

This work developed and characterized 2 novel CD70-specific
sdAb tracers ([68Ga]Ga-NOTA-RCCB3 and [68Ga]Ga-NOTA-
RCCB6). Preliminary clinical trial results demonstrated the value
of [68Ga]Ga-NOTA-RCCB6 immuno-PET/CT imaging in monitor-
ing ccRCC metastasis and recurrence in postsurgery settings.

KEY POINTS

QUESTION: What are the expression characteristics of CD70 in
RCCs, and does CD70-targeted immuno-PET/CT have diagnostic
value in RCCs?

PERTINENT FINDINGS: After analyzing 424 RCC specimens, we
found that CD70 is highly and constantly expressed in ccRCC and
is associated with poor patient survival. Immuno-PET/CT imaging
with [68Ga]Ga-NOTA-RCCB3 or [68Ga]Ga-NOTA-RCCB6 has
definite value in visualizing CD70 expression and differentiating
ccRCC from other RCCs.

IMPLICATIONS FOR PATIENT CARE: By noninvasively
annotating CD70 expression, [68Ga]Ga-NOTA-RCCB6 and
[68Ga]Ga-NOTA-RCCB3 immuno-PET/CT imaging will optimize
the management of ccRCC by facilitating target-specific diagnosis
of ccRCC metastases, selecting patients suitable for CD70-targeted
therapies, and monitoring responses after the treatments.
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