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Abstract 

There is an urgent need for novel systemic therapies for recurrent/systemic salivary gland cancer, as 
current treatment options are scarce. [68Ga]Ga-PSMA-11 PET/CT revealed relevant uptake of 
prostate-specific membrane antigen (PSMA) in adenoid cystic carcinoma (AdCC) and salivary duct 
carcinoma (SDC). Therefore, we assessed the safety, feasibility, efficacy and radiation dosimetry of 
[177Lu]Lu-PSMA-I&T treatment in AdCC and SDC patients in a prospective pilot study. 
Methods: This single-center, single-arm study intended to include 10 recurrent/metastatic AdCC 
patients and five recurrent/metastatic SDC patients. AdCC patients could only participate in case of 
progressive and/or symptomatic disease. Patients required ≥ 1 lesion ≥ 1.5 cm with an SUVmax on 
[68Ga]Ga-PSMA-11 PET/CT above liver SUVmean. Patients were planned to receive four cycles ~ 7.4 GBq 
[177Lu]Lu-PSMA-I&T. In case of progressive disease per RECIST 1.1 at mid-treatment evaluation after two 
cycles, treatment was discontinued. Safety was the primary endpoint. Secondary endpoints included 
objective response rate (ORR), tumor- and organ-absorbed radiation doses and progression-free 
survival. 
Results: After screening, 10 out of 15 (67%) AdCC and two out of 10 (20%) SDC patients were eligible. 
Two patients (17%) demonstrated grade 3 treatment-related toxicity: lymphocytopenia (8%) and 
hyponatremia (8%). No dose-limiting toxicities occurred. In the AdCC cohort, six patients (60%) 
completed the four treatment cycles. Due to progressive disease, treatment was discontinued after two 
cycles in three patients (30%) and after one cycle in one patient (10%). No objective responses were 
observed (ORR: 0%). Three AdCC patients (30%) showed stable disease ≥ 6 months (7, 17 and 23 
months). None of the two SDC patients completed the treatment: one patient deteriorated after the first 
cycle, while the other had progressive disease after two cycles. The high screen failure rate due to 
insufficient PSMA uptake resulted in premature closure of the SDC cohort. Dosimetry revealed low 
tumor-absorbed doses (median 0.07 Gy/GBq, range 0.001-0.63 Gy/GBq). 
Conclusions: [177Lu]Lu-PSMA-I&T in AdCC and SDC patients was safe and generally well-tolerated. 
However, efficacy was limited, likely due to low tumor-absorbed doses. For SDC, [177Lu]Lu-PSMA-I&T 
appears unfeasible due to insufficient PSMA uptake. 

Keywords: (177)Lu-PSMA therapy; Adenoid cystic carcinoma; Prostate-specific membrane antigen; Salivary duct carcinoma; 
Salivary gland cancer 
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Introduction 
Salivary gland cancer (SGC) is a rare cancer and 

consists of 22 histological types with distinct clinical 
behavior and prognosis [1]. Among the histological 
types, recurrent and/or metastatic (R/M) disease 
most commonly emerges in adenoid cystic carcinoma 
(AdCC) (60%) and salivary duct carcinoma (SDC) 
(50%) [2, 3]. 

AdCC is a secretory gland malignancy that 
typically arises from the minor salivary glands of the 
head and neck [4]. AdCC is known for its tendency to 
perineural invasion and hematogenous dissemination 
[5]. Despite aggressive local therapy, most AdCC 
patients will ultimately develop local recurrences 
and/or distant metastases [3]. Two groups of AdCC 
patients can be distinguished with different clinical 
behavior, histomorphology and molecular features: 
AdCC-1 (37%) and AdCC-2 (63%). AdCC-1 is more 
aggressive with a poor prognosis (median overall 
survival [OS] 3.4 years), while AdCC-2 follows an 
indolent disease course (median OS 23.2 years) [6]. In 
the R/M setting, palliative systemic therapy may be 
considered in case of objective disease progression 
and/or new or worsening symptoms that are not 
otherwise manageable [3, 7]. To date, no systemic 
treatment has been shown to improve OS in R/M 
AdCC. Platinum-based chemotherapy and 
multikinase inhibitors resulted in response rates of 
13%-25% and 3%-15%, respectively [7, 8]. Given the 
disappointing results of systemic treatments, 
participation in clinical trials is recommended for 
these patients [9, 10].  

SDC is an aggressive histological type of SGC 
that most commonly originates from the parotid 
gland but can also occur in the other salivary glands 
of the head and neck. Local therapy consists of 
surgery, which is often combined with lymph node 
dissection due to high rates of lymph node 
involvement and is regularly followed by 
postoperative radiotherapy [9, 10]. SDC has a poor 
prognosis in the R/M setting, with a median OS of 
five months without anticancer therapy [11]. Systemic 
treatment options include androgen deprivation 
therapy for androgen receptor-positive SDC (78-96%) 
and human epidermal growth factor receptor 2 
(HER2)-targeted therapies for HER2-positive SDC 
(29-46%). Androgen deprivation therapy and 
HER2-targeted therapy resulted in response rates of 
42% and 70% and a median OS of 30 and 40 months, 
respectively [12, 13]. Nevertheless, systemic treatment 
options for this aggressive cancer remain scarce and 
their efficacy is limited [9, 10]. 

Prostate-specific membrane antigen (PSMA) is a 
transmembrane glycoprotein widely recognized as a 
theranostic target in prostate cancer [14]. 

PSMA-targeted radioligand therapy (PSMA-RLT) 
proved to be effective for advanced PSMA-positive 
castration-resistant prostate cancer [17, 18]. In the 
phase 3 VISION trial, [177Lu]Lu-PSMA-617 improved 
the median OS compared to standard care alone (15.3 
versus 11.3 months) [19]. The beta emitters 
[177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-I&T are 
currently the most frequently used therapeutic PSMA 
tracers in prostate cancer, but have not been compared 
head-to-head [18, 20]. 

Based on these remarkable results in prostate 
cancer, PSMA also gained interest for diagnostic and 
therapeutic purposes for other cancers [21]. The high 
physiological tracer uptake of the salivary glands on 
PSMA PET aroused the potential of PSMA 
theranostics in SGC. After case reports and a case 
series on positive PSMA immunohistochemistry and 
[68Ga]Ga-PSMA-11 positron emission tomography 
(PET)/computed tomography (CT) scans in AdCC 
patients [22-25], our [68Ga]Ga-PSMA-11 PET/CT 
imaging study in 25 SGC patients revealed relevant 
tumor PSMA uptake in 93% of AdCC cases and 40% 
of SDC cases [26]. This led to the first explorations of 
PSMA-RLT in SGC patients, with case reports and 
small cohort studies reporting promising results 
[27-31].  

The urgent need for novel systemic therapies for 
R/M SGC is evident. With the emergence of 
PSMA-RLT for prostate cancer, coupled with the 
identification of the same target in SGC, there is a 
solid rationale to further explore PSMA-RLT in SGC. 
Hence, we aimed to investigate the safety, efficacy, 
feasibility and radiation dosimetry of 
[177Lu]Lu-PSMA-I&T in R/M AdCC and SDC patients 
in a prospective setting.  

Methods 
Study design  

This single-center, single-arm prospective pilot 
study (NCT04291300) was conducted at the Radboud 
University Medical Center, an SGC expertise center in 
The Netherlands. The study consisted of an AdCC 
cohort and an SDC cohort. 

Patients 
Eligible participants were AdCC or SDC patients 

with incurable, local and/or regional recurrent 
and/or metastatic disease, aged ≥ 18 years, with 
adequate bone marrow, renal and liver function, and 
Eastern Cooperative Oncology Group performance 
status of 0-2 [32]. Patients required measurable 
disease according to Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1 [33], which was 
assessed with baseline tumor imaging consisting of a 
CT scan of the chest and abdomen and, depending on 
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the primary tumor location, a CT- or magnetic 
resonance (MR)-scan of the neck. Based on the general 
indolent tumor growth of AdCC and 
recommendations for clinical trial design in AdCC 
patients [7], AdCC patients could only participate in 
case of objective radiographic disease progression 
within three months before study enrollment and/or 
new or worsening disease-related symptoms during 
the same period that were not otherwise manageable 
(e.g., bone pain in case of bone metastases). 

Screening involved [68Ga]Ga-PSMA-11 PET/CT 
and 2-deoxy-2-[18F]fluoro-D-glucose PET/CT, further 
referred to as [18F]FDG PET/CT. Participants required 
a positive [68Ga]Ga-PSMA-11 PET/CT, defined by at 
least one lesion with a diameter ≥ 1.5 cm with 
maximum standardized uptake value (SUVmax) above 
liver mean standardized uptake value (SUVmean). 
Furthermore, in patients who had several [18F]FDG 
PET/CT positive tumor lesions with low 
[68Ga]Ga-PSMA-11 PET/CT uptake besides the 
lesion(s) with [68Ga]Ga-PSMA-11 PET/CT SUVmax 
above liver SUVmean, the eligibility for the study was 
at the discretion of the treating physicians. Baseline 
[68Ga]Ga-PSMA-11 PET/CT maximum intensity 
projections of the included patients are added in 
Figure S1. 

Exclusion criteria included pregnancy, 
inadequate contraceptive measurements for patients 
with reproductive potential, brain or intracardial 
metastases, cranial epidural disease, concurrent 
serious conditions, urinary tract obstruction and an 
interval of less than four weeks since the last 
myelosuppressive therapy or other radionuclide 
therapy. 

Complete eligibility criteria are provided in the 
Supplementary Methods. This study was approved 
by the Medical Review Ethics Committee Arnhem- 
Nijmegen, the Netherlands (NL71624.091.19). The 
study was performed in adherence with the 
Declaration of Helsinki. All participants provided 
written informed consent before study enrollment. 

Study procedures  
Eligible patients started with the 

[177Lu]Lu-PSMA-I&T treatment within four weeks 
after the start of screening. The treatment plan 
consisted of four cycles of 7.4 GBq (±10%) 
[177Lu]Lu-PSMA-I&T, with an interval of six (±1) 
weeks. [177Lu]Lu-PSMA-I&T was administered 
intravenously over 10 minutes. Premedication for 
anti-emesis was ensured with ondansetron 8 mg 
orally one hour before treatment and adequate 
hydration was advised (approximately two litres of 
oral fluids on the day of administration and 
subsequent days). The radiolabeling of [177Lu]Lu- 

PSMA-I&T is described in the Supplementary 
Methods. 

Single-photon emission computed 
tomography/CT (SPECT/CT) was acquired at five 
timepoints (1, 24, 48, 72 and 168 hours) after the first 
[177Lu]Lu-PSMA-I&T administration to perform 3D 
dosimetry. For SPECT/CT imaging, a Siemens 
Symbia T16 or Intevo Bold gamma camera was used 
(Siemens Healthineers, Erlangen, Germany). 
Additional information about image acquisition is 
outlined in the Supplementary Methods. Blood was 
collected at nine timepoints (5, 30, 60, 120 and 180 
minutes and 24, 48, 72 and 168 hours) postinjection to 
perform bone marrow dosimetry. 

Interim evaluation, i.e. [68Ga]Ga-PSMA-11 
PET/CT, [18F]FDG PET/CT and CT scans, was 
performed four weeks after the second cycle. In case 
of progressive disease per RECIST 1.1, the treatment 
was discontinued. Three months after the fourth 
cycle, [68Ga]Ga-PSMA-11 PET/CT and CT scans were 
performed, and follow-up including CT scans was 
continued every three months thereafter.  

During study treatment, participants were 
monitored every two weeks after the first and second 
treatment cycles and every three weeks after the third 
and fourth cycles. These visits included blood tests for 
routine hematology and biochemistry. The final safety 
assessment was performed six weeks after the fourth 
cycle. 

Patient-reported outcome measures were 
assessed at baseline, before each treatment cycle and 
three and six months after the fourth cycle. These 
included the European Organization for Research and 
Treatment of Cancer Quality of Life 
Questionnaire-Core 30 (EORTC-QLQ-C30) [34] and 
visual analogue scale pain scores.  

For all AdCC patients with available 
formalin-fixed paraffin-embedded tumor tissue, the 
molecular subtype was determined through P63 
immunohistochemical staining, using a cut-off of 10% 
positive tumor cells [6]. An overview of all study 
assessments (Table S1) and a study flowchart (Figure 
S2) are included in the Supplementary Materials. 

Dosimetry 
Tumors with a diameter > 1 cm were categorized 

based on the pre-therapeutic [68Ga]Ga-PSMA-11 
PET/CT SUVmean: above, at (±10%) and below liver 
SUVmean. Per tumor site, up to three index lesions per 
category were selected as index lesions. Organ and 
tumor dosimetry was performed using Hermes 
HybridViewer/Dosimetry software (Hermes Medical 
Solutions, Stockholm, Sweden). Salivary gland and 
bone lesion volume were determined by 
average-based iterative thresholding on the baseline 
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[68Ga]Ga-PSMA-11 PET/CT images using PMOD 4.4 
software (PMOD Technologies, Zurich, Switzerland) 
[35]. The volume of other tumors was determined by a 
slice-by-slice approach on the baseline CT images, and 
kidney volume was chosen based on the ICRP89 
Male/Female adult model [36]. To determine 
time-integrated activity coefficients, volumes of 
interest with ~ 1 cm margin were drawn on 
SPECT/CT images and background correction was 
applied by drawing a volume of interest near the 
tumor/organ volume of interest and by subtracting 
background counts from tumor/organ counts [37]. 
Time-activity curves were fitted to a 
mono-exponential decay for kidneys and a 
bi-exponential decay for salivary glands and tumors. 
Absorbed doses were determined according to the 
Medical Internal Radiation Dose scheme using Olinda 
2.2 (Hermes Medical Solutions, Stockholm, Sweden). 

For bone marrow dosimetry, the blood sampling 
method was used [38]. Blood samples were measured 
in a scintillation counter (248 WIZARD2, PerkinElmer, 
Groningen, The Netherlands) that was calibrated for 
177Lu to translate from counts per minute to 
megabecquerels per volume unit (ml). Time-activity 
curves were fitted to a bi-exponential decay using 
GraphPad Prism 10.1.2 (GraphPad Software Inc., CA, 
USA). 

Outcomes 
The primary outcome was safety, assessed 

according to National Cancer Institute’s Common 
Terminology Criteria for Adverse Events version 5.0. 
Secondary outcomes included objective response rate 
(ORR), radiation doses absorbed in tumors and 
organs at risk, progression-free survival (PFS), OS and 
health-related quality of life (HRQoL). As exploratory 
endpoints, tumor volumes and the tumor growth rate 
(TGR) were assessed before and after treatment. ORR 
was defined as the percentage of patients with a 
complete or partial response per RECIST 1.1. Tumor- 
and organ-absorbed radiation doses were calculated 
as dose per unit activity and as cumulative absorbed 
dose over all cycles. Cumulative absorbed doses were 
predicted by extrapolation from cycle 1. PFS was 
defined as the duration from treatment initiation to 
progression per RECIST 1.1 or death. OS was defined 
as the duration from treatment initiation to death. The 
tumor volume before treatment was determined at 
baseline, and the volume after treatment was 
measured three months after cycle 4, or after cycle 2 in 
case of progression at interim evaluation. Volumes of 
bone lesions were determined by average-based 
iterative thresholding on the [68Ga]Ga-PSMA-11 
PET/CT images, and volumes of other lesions was 
assessed by a slice-by-slice approach on the CT 

images. TGR was defined as the percentage change in 
tumor volume over one month (%/month). TGR was 
calculated by the formula TGR = 100 × (exp(tumor 
growth) – 1), where tumor 
growth = 3 × log(D2/D1)/time (months) [39-41]. 
Tumor size (D) was determined by the sum of the 
longest diameters of target lesions according to 
RECIST 1.1. Non-target and new lesions were 
excluded. For TGR before treatment, D1 represents 
the tumor size at baseline CT evaluation, and D2 
represents the tumor size at the latest CT evaluation at 
least six months pre-treatment. For TGR after 
treatment, D1 represents the tumor size at the earliest 
CT evaluation at least six months after treatment 
initiation, and D2 represents the tumor size at baseline 
CT evaluation. TGR was determined only in patients with 
CT imaging available at least six months before and six 
months after treatment initiation, while not on other 
anticancer therapy, so that the growth rate before and 
after treatment could be compared in these patients.  

Statistical analysis 
Because of the explorative nature of this pilot 

study, no sample size calculation was performed. 
Considering the rarity of AdCC and SDC, our 
research team determined that a sample size 
comprising 10 AdCC and 5 SDC patients would be 
both feasible and adequate for conducting exploratory 
analyses. Time-to-event outcomes were analyzed 
using Kaplan-Meier statistics. Correlations between 
tumor lesion [68Ga]Ga-PSMA-11 PET SUVmean and 
[177Lu]Lu-PSMA-I&T SPECT tumor-absorbed doses, 
and between tumor-absorbed doses and tumor 
volume change, were calculated and given as 
Spearman’s r and p-value. A p-value < 0.05 was 
considered statistically significant. Analyses were 
performed using R studio version 1.1.463.  

Results 
Patients 

Between June 2020 and October 2022, 15 AdCC 
patients and 10 SDC patients were screened. In the 
AdCC cohort, 10 out of 15 (67%) screened patients 
were eligible and enrolled. Ineligibility was due to 
insufficient [68Ga]Ga-PSMA-11 uptake (n = 3) and 
brain metastases on [68Ga]Ga-PSMA-11 PET/CT (n = 
2) (Figure S3). All enrolled AdCC patients had 
objective radiographic disease progression within 
three months before study enrollment. Among the 10 
enrolled AdCC patients, five were male, with a mean 
age of 61 (range 51-70) years. Eight patients (80%) had 
the AdCC-2 molecular subtype. All 10 AdCC patients 
had undergone prior external beam radiation therapy, 
with 8 patients (80%) who received postoperative 
radiotherapy in the head/neck area. Two patients 
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(20%) had undergone prior systemic therapy. None of 
the patients had received prior radionuclide therapy. 
One AdCC patient (10%) had incurable locoregional 
disease only, while nine patients (90%) had distant 
metastases, among whom one patient (10%) also had 
locoregional recurrence (Table 1). 

 

Table 1: Patient characteristics. 

Characteristic AdCC 
(n=10) 

SDC       
(n=2) 

Age, median, years (range) 61 (51-70) 69 (64-74) 
Sex, No. (%) 
 Female 5 (50) 0 
 Male 5 (50) 2 (100) 
ECOG performance status, No. (%) 
 0 4 (40) 0 
 1 5 (50) 2 (100) 
 2 1 (10) 0 
Primary site, No. (%) 
 Minor salivary gland 4 (40) 0 
 Submandibular gland 3 (30) 1 (50) 
 Bartholin’s gland 2 (20) 0 
 Trachea 1 (10) 0 
 Lacrimal gland 0 1 (50) 
AdCC molecular subtype,a No. (%) 
 AdCC-1 1 (10) N/A 
 AdCC-2 8 (80) N/A 
 Unknown 1 (10) N/A 
Disease distribution, No. (%) 
 Metastatic disease 8 (80) 2 (100) 
 Locoregional and metastatic disease 1 (10) 0 
 Locoregional disease  1 (10) 0 
Metastasis sites,b No. (%) 
 Lung 9 (100) 0 
 Pleura 5 (56) 0 
 Liver 4 (44) 1 (50) 
 Lymph nodes 3 (33) 2 (100) 
 Bone 2 (22) 2 (100) 
 Other 1 (11) 2 (100) 
Prior surgical resection of the primary tumor, No. (%) 8 (80) 1 (50) 
Prior postoperative radiotherapy, No. (%) 8 (80) 0 
Prior palliative radiotherapy, No. (%) 4 (40) 1 (50) 
Prior systemic radionuclide therapy, No. (%) 0 0 
Prior systemic therapy lines, No. (%) 
 0 8 (80) 0 
 1 2 (20) 1 (50) 
 2 0 0 
 3 0 1 (50) 
Time from initial diagnosis to PSMA-RLT, median, 
months (range) 

98 (29-277) 40 (15-64) 

Time from first R/M disease to PSMA-RLT, median, 
months (range) 

25 (3-59) 24 (15-33) 

aAccording to Ferrarotto et al. [6]; bMetastasis site included only patients with 
distant metastases (AdCC, n=9; SDC, n=2); Abbreviations: AdCC: adenoid cystic 
carcinoma; ECOG: Eastern Cooperative Oncology Group; N/A: not applicable; 
PSMA: prostate-specific membrane antigen; PSMA-RLT: PSMA-targeted 
radioligand therapy; R/M: recurrent and/or metastatic; SDC: salivary duct 
carcinoma. 

 
 
Two out of 10 (20%) screened SDC patients were 

eligible and enrolled. Reasons for screen failures were 
insufficient [68Ga]Ga-PSMA-11 uptake (n = 7) and 
brain metastases on [68Ga]Ga-PSMA-11 PET/CT (n = 
1). Both enrolled SDC participants were male, ages 64 
and 74 years. One SDC patient had undergone prior 
palliative external beam radiation therapy, and both 
SDC patients had undergone prior systemic 

treatment. None of the patients had received prior 
radionuclide therapy. Both SDC patients had distant 
metastases, with one also having cutaneous 
lymphangitis carcinomatosa. The SDC cohort was 
closed before achieving the intended sample size 
because most SDC patients were ineligible, mainly 
due to insufficient PSMA uptake.  

The median administered [177Lu]Lu-PSMA-I&T 
activity per cycle was 7.4 (range 6.8-7.5) GBq, with a 
median of 3 (range 1-4) cycles. 

Safety 
Safety was evaluated for the AdCC and SDC 

cohorts collectively. No immediate adverse reactions 
were observed. Common grade 1 or 2 
treatment-related adverse events included dry mouth 
(83%), nausea (75%), fatigue (58%) and anemia (50%). 
Two patients (17%) demonstrated grade 3 toxicity: 
one patient developed grade 3 lymphocytopenia after 
the first cycle, while another patient showed grade 3 
hyponatremia following the second cycle. No grade ≥ 
4 toxicity was observed (Figure 1). None of the 
toxicities was dose-limiting. A detailed overview of all 
adverse events is provided in Table S2. 

Noteworthy, one patient developed grade 2 
chronic kidney disease four months after the fourth 
cycle. The estimated glomerular filtration rate, 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration equitation, gradually 
decreased from > 90 ml/min/1.73 m2 at baseline to a 
nadir of 32 ml/min/1.73 m2 15 months 
post-treatment. A kidney biopsy indicated thrombotic 
microangiopathy, likely attributed to radiation 
nephropathy. Subsequently, the estimated glomerular 
filtration rate gradually improved without 
intervention, until 39 ml/min/1.73 m2 25 months 
post-treatment.  

Efficacy  
In the AdCC cohort, six patients (60%) received 

the four planned treatment cycles. Treatment was 
discontinued at interim evaluation after two cycles in 
three AdCC patients (30%) due to progressive disease. 
Therapy was ceased in one AdCC patient (10%) after 
one cycle due to the occurrence of a pathological 
vertebral fracture causing spinal cord compression, 
which was associated with radiological evidence of 
disease progression. No objective responses were 
observed during the trial (ORR: 0%). At evaluation 
three months after completion of four treatment 
cycles, three patients showed progressive disease, 
while three patients had stable disease. Their duration 
of disease stability extended until 7, 17 and 23 months 
(Figure 2A). With a median follow-up of 19.2 months 
(interquartile range 12.5-27.0 months) in the AdCC 
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cohort, the median PFS was 6.7 months (95% CI 
0.0-14.1 months) (Figure 2B), and the median OS was 
27.0 months (95% CI 10.1-44.0 months). The TGR 
before and after treatment could be determined in 
four patients. In these patients, the TGR after 
treatment appeared to be lower compared to the TGR 
before treatment (Figure 3A-C). In the other patients, 
the TGR could not be determined due to missing 
imaging timepoints. Images of representative cases 
with stable disease and with progressive disease are 
displayed in Figure 4A and 4B, respectively. 

In the SDC cohort, treatment was discontinued 
after one treatment cycle in one patient due to rapid 
clinical deterioration, leading to death two weeks 
after treatment initiation. The other patient ceased 
treatment after disease progression at interim 
evaluation after two cycles, and he deceased five 
months later (Figure 2A). 

Dosimetry 
Dosimetry was performed in all patients, except 

for the SDC patient who rapidly deteriorated after the 
first treatment cycle. Patients had between one and 
eleven tumor lesions that were assessed by dosimetry. 
The median tumor-absorbed dose in the AdCC cohort 
was 0.06 Gy/GBq (range 0.001-0.63 Gy/GBq), and 
0.14 Gy/GBq (range 0.01-0.34 Gy/GBq) in the SDC 
patient (Table 2A). The average pre-therapeutic tumor 
[68Ga]Ga-PSMA-11 PET/CT SUVmean was 4.71±2.04. 
Higher tumor-absorbed doses correlated with higher 
pre-therapeutic [68Ga]Ga-PSMA-11 PET/CT SUVmean 

(r = 0.41; p < 0.01) (Figure 5). Tumor-absorbed doses 
did not significantly correlate with the tumor volume 
change after therapy compared to baseline (r = 0.19, p 
= 0.098) (Figure S4). Organ dosimetry was evaluated 
for the AdCC and SDC cohorts collectively. The mean 
kidney, salivary gland and bone marrow absorbed 
doses were 0.82±0.31 Gy/GBq, 0.74±0.36 Gy/GBq and 
0.007±0.002 Gy/GBq, respectively (Table 2B). Detailed 
dosimetry results of tumor lesions and organs at risk 
are provided in Table S3 and Table S4, respectively. 

 

Table 2A: Dosimetry results; Absorbed dose in index tumor 
lesions. 

Type Lesion 
number 

Dose per administered activity 
(Gy/GBq) 

Cumulative dose                 
(Gy) 

  Mean 
(±SD) 

Median Range Mean 
(±SD) 

Media
n 

Range 

AdCC 66 0.14 (0.15) 0.06 0.001-0.63 3.39 (4.23) 1.69 0.01-18.67 
SDC 8 0.16 (0.13) 0.14 0.01-0.34 2.36 (1.96) 2.12 0.08-5.16 

AdCC, adenoid cystic carcinoma; SD, standard deviation; SDC, salivary duct 
carcinoma 

 

Table 2B: Dosimetry results; Absorbed dose in organs at risk. 

Organ Dose per administered activity 
(Gy/GBq) 

Cumulative dose                          
(Gy) 

 Mean (±SD) Median Range Mean (±SD) Median Range 
Kidneys 0.82 (0.31) 0.73 0.42-1.34 18.62 (11.56) 15.41 4.97-39.51 
Salivary 
glands 

0.74 (0.36) 0.69 0.27-1.28 16.45 (10.61) 15.25 4.92-34.07 

Bone 
marrow 

0.007 (0.002) 0.007 0.003-0.010 0.154 (0.071) 0.135 0.041-0.294 

Abbreviations: AdCC: adenoid cystic carcinoma; SD: standard deviation; SDC: 
salivary duct carcinoma. 

 

 
Figure 1: Treatment-related adverse events. Figure lists all adverse events possibly, probably, or definitely related to [177Lu]Lu-PSMA-I&T treatment, sorted based on 
frequency of occurrence. Adverse events were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events (version 5.0). Patients were 
counted once at the highest grade for each adverse event. Abbreviations: 177Lu: lutetium-177; PSMA: prostate-specific membrane antigen. 
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Patient-reported outcome measures 
HRQoL scores did not significantly change 

during the treatment period. Two patients 
experienced short-term improvement in VAS pain 
scores after the first treatment cycle, but these did not 
persist over time (Figure S5). 

Discussion 
This is the first prospective study that evaluated 

the safety, efficacy, feasibility and radiation dosimetry 
of [177Lu]Lu-PSMA-I&T radioligand therapy in R/M 

SGC. Overall, the treatment was well-tolerated, and 
no dose-limiting toxicities occurred. In the 10 treated 
AdCC and 2 SDC patients no objective responses 
were observed. Three AdCC patients demonstrated 
durable stable disease of 7, 17 and 23 months. For 
SDC, [177Lu]Lu-PSMA-I&T therapy was deemed 
unfeasible due to the high screen failure rate 
attributed to low and heterogeneous PSMA 
expression, resulting in premature closure of the SDC 
cohort.  

 

 
Figure 2: Efficacy outcomes. (A) Swimmer plot displaying the time from start of therapy to progressive disease or death (bars), and timepoints of [177Lu]Lu-PSMA-I&T 
treatments and confirmed stable disease (signs). (B) Kaplan-Meier estimate of progression-free survival of the AdCC cohort. Abbreviations: 177Lu: lutetium-177; AdCC: adenoid 
cystic carcinoma; 95% CI: 95% confidence interval; Lu: lutetium-177; PFS: progression-free survival; PSMA: prostate-specific membrane antigen; SDC: salivary duct carcinoma. 
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Figure 3: Sum diameter of RECIST target lesions and tumor growth rate before and after [177Lu]Lu-PSMA-I&T treatment. (A) Sum diameter of RECIST 
target lesions of all patients. T=0 indicates the start of [177Lu]Lu-PSMA-I&T therapy. Only imaging timepoints where patients were not on other anticancer therapy are visualized. 
(B) Sum diameter of RECIST target lesions of patients with CT imaging available both at least six months before and six months after treatment initiation. Pre-therapy 
timepoints are only visualized from the latest timepoint at least six months pre-treatment. Dashed lines represent the tumor growth rate before treatment. Only imaging 
timepoints where patients were not on anticancer therapy are visualized. (C) Tumor growth rate before and after treatment of patients with imaging available both at least 
six months before and six months after treatment initiation. Abbreviations: 177Lu: lutetium-177; AdCC: Adenoid cystic carcinoma; CT: computed tomography; PSMA: 
prostate-specific membrane antigen; RECIST: Response Evaluation Criteria in Solid Tumors; SDC: salivary duct carcinoma. 

 
Figure 4: Baseline and evaluation PSMA-PET and CT images of representative cases with stable disease and progressive disease. (A) 70-year old woman with 
AdCC originating from Bartholin’s gland (status post surgery), with metastases in the lungs and the pleurae. At interim evaluation four weeks after the second 
[177Lu]Lu-PSMA-I&T treatment cycle and at evaluation three months after the fourth treatment cycle, the size of all metastases was stable (red arrows). The patient had stable 
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disease until 23 months after treatment initiation. (B) 63-year old woman with AdCC originating from Bartholin’s gland (status post surgery), with metastases in the lungs, the 
liver, and the bones. At interim evaluation after the second [177Lu]Lu-PSMA-I&T treatment cycle, progressive disease was observed. This included growth of the lung metastases 
(yellow arrows) and the bone metastases (white arrows), and a new liver metastasis (orange arrow). Radioligand therapy was ceased due to the progression. Abbreviations: 177Lu: 
lutetium-177; AdCC: Adenoid cystic carcinoma; CT: computed tomography; PET, positron emission tomography; PSMA: prostate-specific membrane antigen. 

 
Figure 5: Scatter plot displaying the correlation between the baseline [68Ga]Ga-PSMA-11 PET/CT SUVmean and the absorbed dose per index tumor 
lesion. Abbreviations: 68Ga: gallium-68; CT: computed tomography; Ga: gallium-68; PET: positron emission tomography; PSMA: prostate-specific membrane antigen; SUVmean: 
mean standardized uptake value. 

 
The toxicity profile observed in this SGC 

population resembled that of [177Lu]Lu-PSMA studies 
in prostate cancer and organ-absorbed doses were 
similar [42]. However, we observed two clinically 
relevant differences. First, we observed a lower grade 
≥ 3 hematological toxicity rate (8% lymphocytopenia 
only) compared to end-stage prostate cancer patients 
in the VISION trial (13% anemia, 8% 
lymphocytopenia, 8% thrombocytopenia and 3% 
leukopenia). This difference might be explained by 
the compromised bone marrow in end-stage prostate 
cancer, due to prior myelosuppressive systemic 
treatments (99% previous taxane therapy) and 
extensive bone metastases (91% bone metastases) in 
most prostate cancer patients [19]. Within our SGC 
population, fewer patients had prior 
myelosuppressive systemic therapy (25%) and bone 
metastases (33%).  

Second, the xerostomia rate in the present study 
was relatively high compared to prostate cancer 
patients (83% versus 39%, respectively) [43]. It is 
clinically relevant to note that the rate of grade 2 
xerostomia in the present study was also significantly 
higher than in prostate cancer (25% versus 14%, 
respectively) [44]. Most SGC patients received prior 
radiotherapy and/or surgery in the head-and-neck 
region, resulting in xerostomia at baseline. The lower 
salivary gland tissue capacity makes this population 
susceptible to further decline in salivary gland 
function after PSMA-RLT. Within our study, the 
increase in xerostomia was reversible in all cases, 
consistent with observations from prostate cancer 

studies. 
Of particular interest, one patient developed 

grade 2 chronic kidney disease four months after her 
fourth [177Lu]Lu-PSMA-I&T treatment cycle. A recent 
case series reported three similar cases of chronic 
kidney disease following [177Lu]Lu-PSMA-I&T, 
associated with radiation nephropathy [45]. The 
cumulative kidney-absorbed dose our patient 
received was lower (24.5 Gy) compared to the three 
patients described in this series (range 39.5-50.0 Gy). 
As reported previously, kidney-absorbed doses with 
[177Lu]Lu-PSMA-I&T are ~ 1.5x higher than with 
[177Lu]Lu-PSMA-617, potentially increasing the risk of 
nephropathy [46].  

In the present study and the prior literature 
together, a total of 23 AdCC patients and 3 SDC 
patients treated with [177Lu]Lu-PSMA have been 
described, yet no objective responses of 
[177Lu]Lu-PSMA have been reported in any of these 
patients. A recent study evaluated [177Lu]Lu-EB- 
PSMA-617, which is [177Lu]Lu-PSMA-617 conjugated 
with the albumin binder Evans Blue to decelerate 
plasma clearance. Symptoms of all four patients in 
this study improved; nevertheless, objective response 
per RECIST was not reported. The other studies were 
case series and case reports [27, 28, 30, 31]. Objective 
responses were not observed in any of these papers, 
while symptom improvement and stable disease were 
described. However, caution is warranted when 
attributing stable disease to a treatment effect in 
AdCC, especially considering that 80% of the AdCC 
patients in our study had the indolent AdCC-2 
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molecular subtype, although progressive and/or 
symptomatic disease was a prerequisite for inclusion 
in this study [6, 7]. Clearly, the efficacy of 
[177Lu]Lu-PSMA in SGC patients is significantly less 
pronounced compared to prostate cancer patients, 
where objective responses were reported in 51% of 
RECIST-evaluable patients [19]. 

In the present study, we conducted extensive 
state-of-the-art 3D SPECT/CT dosimetry which 
revealed low tumor-absorbed doses, possibly 
explaining the lack of efficacy of [177Lu]Lu-PSMA-I&T 
in SGC patients. Median tumor-absorbed doses were 
only 0.06 Gy/GBq in the AdCC cohort and 0.14 
Gy/GBq in the SDC cohort. Two prior studies on 
PSMA-RLT in SGC that performed dosimetry have 
been published to date, both employing 
[177Lu]Lu-PSMA-617. These studies showed slightly 
higher doses than our study (AdCC mean 0.41 
Gy/GBq; SDC range 0.06-0.68 Gy/GBq) [30, 31]. Still, 
these doses are substantially lower compared to 
[177Lu]Lu-PSMA-I&T studies in prostate cancer 
(median tumor-absorbed dose 3.3 Gy/GBq) [47, 48]. 
We propose two potential causes for the low 
tumor-absorbed doses in the present study. First, the 
PSMA expression in SGC appears lower and more 
heterogeneous, with [68Ga]Ga-PSMA-11 uptake 
generally being lower in SGC (average SUVmax 8.2 in 
the present study) compared to prostate cancer 
(average SUVmax 15.8-23.2) [49]. Second, patient 
selection in current prostate cancer guidelines is more 
stringent than in our study, not allowing a relevant 
fraction of PSMA-negative tumors [50]. 

Based on the current study, selection for 
PSMA-RLT with [68Ga]Ga-PSMA-11 PET/CT appears 
insufficient in predicting tumor doses for SGC 
patients. A more reliable selection procedure is 
warranted for this population. Pre-therapeutic tumor 
dosimetry, such as with zirconium-89 labeled PSMA, 
could be an effective approach [52]. This technique 
allows for calculating the doses in tumors and healthy 
organs prior to therapy, which also enables 
adjustments in the administered radioligand activity 
tailored to each patient. Following proper selection, 
PSMA-RLT with only a beta emitter may still be 
inadequate to achieve a sufficient therapeutic effect. 
The use of alpha emitters such as actinium-225 may be 
more effective, as alpha particles are much more 
energetic and can induce double-stranded 
DNA-breaks [53]. In contrast to other non-prostate 
cancer types, PSMA is predominantly expressed on 
AdCC tumor cells rather than on the neovasculature 
[21]. Therefore, the shorter tissue penetration range of 
alpha emitters should not be a limiting factor in 
AdCC. The high rate of xerostomia with alpha 
emitters – 91% after three cycles in prostate cancer – 

yet could be a limiting factor in the SGC population 
with a propensity to decline in salivary gland function 
[53]. To minimize xerostomia while enhancing the 
efficacy, “tandem” therapy with low-activity 
actinium-225 and full activity [177Lu]Lu-PSMA may be 
considered [54]. 

Limitations of this study include its relatively 
small sample size and single-arm design, although 
these are common characteristics in studies 
addressing this rare disease. Furthermore, dosimetry 
was conducted only at the first therapy cycle, with 
cumulative absorbed doses extrapolated from this 
cycle. Recent data however indicated that 
extrapolation of dosimetry from cycle 1 is reliable [55]. 
Last, the tumor growth before and after treatment is 
not a validated outcome measure and could only be 
assessed in a minority of patients, so these results 
should be considered exploratory. 

Conclusion 
We conclude that [177Lu]Lu-PSMA-I&T for R/M 

AdCC and SDC patients exhibits an acceptable 
toxicity profile. However, the clinical benefit observed 
in these patients was limited, likely due to low 
tumor-absorbed doses. While PSMA-RLT might be 
feasible for a proportion of AdCC with improved 
patient selection and individualization of the 
treatment plan, it appears unfeasible for SDC due to 
the predominantly insufficient PSMA-ligand uptake.  

Abbreviations 
[18F]FDG: 2-deoxy-2-[18F]fluoro-D-glucose; 

AdCC: adenoid cystic carcinoma; CT: computed 
tomography; EORTC-QLQ-C30: European Organiza-
tion for Research and Treatment of Cancer Quality of 
Life Questionnaire-Core 30; HER2: human epidermal 
growth factor receptor 2; HRQoL: health-related 
quality of life; MR: magnetic resonance; ORR: 
objective response rate; OS: overall survival; PET: 
positron emission tomography; PFS: progression-free 
survival; PSMA: prostate-specific membrane antigen; 
PSMA-RLT: PSMA-targeted radioligand therapy; 
R/M: recurrent and/or metastatic; RECIST: Response 
Evaluation Criteria in Solid Tumors; SDC: salivary 
duct carcinoma; SGC: salivary gland cancer; SPECT: 
Single-photon emission computed tomography; 
SUVmax: maximum standardized uptake value; 
SUVmean: mean standardized uptake value; TGR: 
tumor growth rate. 

Supplementary Material  
Supplementary methods, figures and tables. 
https://www.thno.org/v14p5388s1.pdf  



Theranostics 2024, Vol. 14, Issue 14 
 

 
https://www.thno.org 

5398 

Acknowledgements 
The authors would like to thank the patients and 

their families for participating in this study. Also, we 
would like to thank the Dutch Cancer Society, the 
Adenoid Cystic Carcinoma Research Foundation 
(ACCRF) and the Dutch salivary gland patients’ 
society for their support. Furthermore, we would like 
to thank prof. Walter Jentzen for teaching the 
average-based iterative thresholding method. 

Funding 
This study was funded by the Dutch Cancer 

Society (KWF Kankerbestrijding; grant number 11807) 
and by the Adenoid Cystic Carcinoma Research 
Foundation (ACCRF). 

Author contributions 
Niels van Ruitenbeek: Formal Analysis; 

Investigation; Methodology; Visualisation; Writing – 
original draft. Maike Uijen: Conceptualisation; Formal 
Analysis; Investigation; Methodology; Writing – 
original draft. Chantal Driessen: Conceptualisation; 
Writing – review & editing. Steffie Peters: 
Methodology; Writing – review & editing. Bastiaan 
Privé: Methodology; Writing – review & editing. 
Adriana van Engen-Van Grunsven: Investigation; 
Writing – review & editing. Mark Konijnenberg: 
Methodology; Writing – review & editing. Martin 
Gotthardt: Conceptualisation; Writing – review & 
editing. James Nagarajah: Conceptualisation; 
Methodology; Supervision; Writing – review & 
editing. Carla van Herpen: Conceptualisation; 
Methodology; Funding acquisition; Supervision; 
Writing – review & editing. 

Data availability 
The data that support the findings of this study 

are available from the corresponding author upon 
reasonable request. 

Competing Interests 
NvR, MU, CD, SP, BP, AvEvG, MK, MK: nothing 

to declare. JN: has received research grants from ABX 
and Novartis, and has received consulting and 
teaching fees from ITM, POINT biopharma, CURIUM, 
Novartis and Bayer. CvH: has been member of 
advisory boards for Bayer, Bristol-Myers Squibb, 
Elevar, Ipsen, MSD and Regeneron, and has received 
research grants from Astra Zeneca, Bristol-Myers 
Squibb, MSD, Merck, Ipsen, Novartis and Sanofi. 

References 
1. Skálová A, Hyrcza MD, Leivo I. Update from the 5th Edition of the World 

Health Organization Classification of Head and Neck Tumors: Salivary 
Glands. Head Neck Pathol. 2022; 16: 40-53. 

2. Boon E, Bel M, van Boxtel W, van der Graaf WTA, van Es RJJ, Eerenstein SEJ, 
et al. A clinicopathological study and prognostic factor analysis of 177 salivary 
duct carcinoma patients from The Netherlands. Int J Cancer. 2018; 143: 758-66. 

3. Spiro RH. Distant metastasis in adenoid cystic carcinoma of salivary origin. 
Am J Surg. 1997; 174: 495-8. 

4. Ellington CL, Goodman M, Kono SA, Grist W, Wadsworth T, Chen AY, et al. 
Adenoid cystic carcinoma of the head and neck: Incidence and survival trends 
based on 1973-2007 Surveillance, Epidemiology, and End Results data. Cancer. 
2012; 118: 4444-51. 

5. van Weert S, Bloemena E, van der Waal I, de Bree R, Rietveld DH, Kuik JD, 
Leemans CR. Adenoid cystic carcinoma of the head and neck: a single-center 
analysis of 105 consecutive cases over a 30-year period. Oral Oncol. 2013; 49: 
824-9. 

6. Ferrarotto R, Mitani Y, McGrail DJ, Li K, Karpinets TV, Bell D, et al. 
Proteogenomic Analysis of Salivary Adenoid Cystic Carcinomas Defines 
Molecular Subtypes and Identifies Therapeutic Targets. Clin Cancer Res. 2021; 
27: 852-64. 

7. Laurie SA, Ho AL, Fury MG, Sherman E, Pfister DG. Systemic therapy in the 
management of metastatic or locally recurrent adenoid cystic carcinoma of the 
salivary glands: a systematic review. Lancet Oncol. 2011; 12: 815-24. 

8. Alfieri S, Granata R, Bergamini C, Resteghini C, Bossi P, Licitra LF, Locati LD. 
Systemic therapy in metastatic salivary gland carcinomas: A pathology-driven 
paradigm? Oral Oncol. 2017; 66: 58-63. 

9. van Herpen C, Vander Poorten V, Skalova A, Terhaard C, Maroldi R, van 
Engen A, et al. Salivary gland cancer: ESMO-European Reference Network on 
Rare Adult Solid Cancers (EURACAN) Clinical Practice Guideline for 
diagnosis, treatment and follow-up. ESMO Open. 2022; 7: 100602. 

10. Geiger JL, Ismaila N, Beadle B, Caudell JJ, Chau N, Deschler D, et al. 
Management of Salivary Gland Malignancy: ASCO Guideline. J Clin Oncol. 
2021; 39: 1909-41. 

11. Boon E, van Boxtel W, Buter J, Baatenburg de Jong RJ, van Es RJJ, Bel M, et al. 
Androgen deprivation therapy for androgen receptor-positive advanced 
salivary duct carcinoma: A nationwide case series of 35 patients in The 
Netherlands. Head Neck. 2018; 40: 605-13. 

12. Fushimi C, Tada Y, Takahashi H, Nagao T, Ojiri H, Masubuchi T, et al. A 
prospective phase II study of combined androgen blockade in patients with 
androgen receptor-positive metastatic or locally advanced unresectable 
salivary gland carcinoma. Ann Oncol. 2018; 29: 979-84. 

13. Takahashi H, Tada Y, Saotome T, Akazawa K, Ojiri H, Fushimi C, et al. Phase 
II Trial of Trastuzumab and Docetaxel in Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Salivary Duct Carcinoma. J Clin Oncol. 
2019; 37: 125-34. 

14. Evans JC, Malhotra M, Cryan JF, O'Driscoll CM. The therapeutic and 
diagnostic potential of the prostate specific membrane antigen/glutamate 
carboxypeptidase II (PSMA/GCPII) in cancer and neurological disease. Br J 
Pharmacol. 2016; 173: 3041-79. 

15. Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas P, et al. 
Prostate-specific membrane antigen PET-CT in patients with high-risk 
prostate cancer before curative-intent surgery or radiotherapy (proPSMA): a 
prospective, randomised, multicentre study. Lancet. 2020; 395: 1208-16. 

16. Lütje S, Heskamp S, Cornelissen AS, Poeppel TD, van den Broek SA, 
Rosenbaum-Krumme S, et al. PSMA Ligands for Radionuclide Imaging and 
Therapy of Prostate Cancer: Clinical Status. Theranostics. 2015; 5: 1388-401. 

17. Rahbar K, Ahmadzadehfar H, Kratochwil C, Haberkorn U, Schäfers M, Essler 
M, et al. German Multicenter Study Investigating 177Lu-PSMA-617 
Radioligand Therapy in Advanced Prostate Cancer Patients. J Nucl Med. 2017; 
58: 85-90. 

18. Hofman MS, Violet J, Hicks RJ, Ferdinandus J, Thang SP, Akhurst T, et al. 
[(177)Lu]-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. 

19. Sartor O, de Bono J, Chi KN, Fizazi K, Herrmann K, Rahbar K, et al. 
Lutetium-177-PSMA-617 for Metastatic Castration-Resistant Prostate Cancer. 
N Engl J Med. 2021; 385: 1091-103. 

20. Karimzadeh A, Heck M, Tauber R, Knorr K, Haller B, D'Alessandria C, et al. 
(177)Lu-PSMA-I&T for Treatment of Metastatic Castration-Resistant Prostate 
Cancer: Prognostic Value of Scintigraphic and Clinical Biomarkers. J Nucl 
Med. 2023; 64: 402-9. 

21. Uijen MJM, Derks YHW, Merkx RIJ, Schilham MGM, Roosen J, Privé BM, et al. 
PSMA radioligand therapy for solid tumors other than prostate cancer: 
background, opportunities, challenges, and first clinical reports. Eur J Nucl 
Med Mol Imaging. 2021; 48: 4350-68. 

22. Lütje S, Sauerwein W, Lauenstein T, Bockisch A, Poeppel TD. In Vivo 
Visualization of Prostate-Specific Membrane Antigen in Adenoid Cystic 
Carcinoma of the Salivary Gland. Clin Nucl Med. 2016; 41: 476-7. 

23. de Keizer B, Krijger GC, Ververs FT, van Es RJJ, de Bree R, Willems S. 
(68)Ga-PSMA PET-CT Imaging of Metastatic Adenoid Cystic Carcinoma. Nucl 
Med Mol Imaging. 2017; 51: 360-1. 

24. Klein Nulent TJW, van Es RJJ, Krijger GC, de Bree R, Willems SM, de Keizer B. 
Prostate-specific membrane antigen PET imaging and immunohistochemistry 
in adenoid cystic carcinoma-a preliminary analysis. Eur J Nucl Med Mol 
Imaging. 2017; 44: 1614-21. 

25. König L, Hauswald H, Flechtenmacher C, Heller M, Debus J, Haberkorn U, et 
al. Uptake of Prostate-Specific Membrane Antigen (PSMA) in adenoid cystic 



Theranostics 2024, Vol. 14, Issue 14 
 

 
https://www.thno.org 

5399 

carcinoma - Is PSMA-PET-CT a helpful tool in radiation oncology? Clin Transl 
Radiat Oncol. 2017; 7: 79-82. 

26. van Boxtel W, Lütje S, van Engen-van Grunsven ICH, Verhaegh GW, Schalken 
JA, Jonker MA, et al. (68)Ga-PSMA-HBED-CC PET/CT imaging for adenoid 
cystic carcinoma and salivary duct carcinoma: a phase 2 imaging study. 
Theranostics. 2020; 10: 2273-83. 

27. Has Simsek D, Kuyumcu S, Agaoglu FY, Unal SN. Radionuclide Therapy With 
177Lu-PSMA in a Case of Metastatic Adenoid Cystic Carcinoma of the Parotid. 
Clin Nucl Med. 2019; 44: 764-6. 

28. Klein Nulent TJW, van Es RJJ, Willems SM, Braat A, Devriese LA, de Bree R, 
de Keizer B. First experiences with (177)Lu-PSMA-617 therapy for recurrent or 
metastatic salivary gland cancer. EJNMMI Res. 2021; 11: 126. 

29. Wang G, Zhou M, Zang J, Jiang Y, Chen X, Zhu Z, Chen X. A pilot study of 
(68) Ga-PSMA-617 PET/CT imaging and (177)Lu-EB-PSMA-617 radioligand 
therapy in patients with adenoid cystic carcinoma. EJNMMI Res. 2022; 12: 52. 

30. Civan C, Kasper S, Berliner C, Fragoso-Costa P, Grünwald V, Pogorzelski M, 
et al. PSMA-Directed Imaging and Therapy of Salivary Gland Tumors: A 
Single-Center Retrospective Study. J Nucl Med. 2023; 64: 372-8. 

31. Terroir M, Lamesa C, Krim M, Vija L, Texier JS, Cassou-Mounat T, et al. 
RadioLigand Therapy with [(177)Lu]Lu-PSMA-617 for Salivary Gland 
Cancers: Literature Review and First Compassionate Use in France. 
Pharmaceuticals (Basel). 2023; 16: 754. 

32. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, 
Carbone PP. Toxicity and response criteria of the Eastern Cooperative 
Oncology Group. Am J Clin Oncol. 1982; 5: 649-55. 

33. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. 
New response evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer. 2009; 45: 228-47. 

34. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. 
The European Organization for Research and Treatment of Cancer QLQ-C30: a 
quality-of-life instrument for use in international clinical trials in oncology. J 
Natl Cancer Inst. 1993; 85: 365-76. 

35. Jentzen W. An improved iterative thresholding method to delineate PET 
volumes using the delineation-averaged signal instead of the enclosed 
maximum signal. J Nucl Med Technol. 2015; 43: 28-35. 

36. Basic anatomical and physiological data for use in radiological protection: 
reference values. A report of age- and gender-related differences in the 
anatomical and physiological characteristics of reference individuals. ICRP 
Publication 89. Ann ICRP. 2002; 32: 5-265. 

37. Buijs WC, Siegel JA, Boerman OC, Corstens FH. Absolute organ activity 
estimated by five different methods of background correction. J Nucl Med. 
1998; 39: 2167-72. 

38. Hindorf C, Glatting G, Chiesa C, Lindén O, Flux G. EANM Dosimetry 
Committee guidelines for bone marrow and whole-body dosimetry. Eur J 
Nucl Med Mol Imaging. 2010; 37: 1238-50. 

39. Fukuda N, Fujiwara Y, Wang X, Ohmoto A, Urasaki T, Hayashi N, et al. 
Tumor growth rate as a prognostic factor for metastatic or recurrent adenoid 
cystic carcinoma of the head and neck patients treated with carboplatin plus 
paclitaxel. Eur Arch Otorhinolaryngol. 2021; 278: 3037-43. 

40. Ferté C, Fernandez M, Hollebecque A, Koscielny S, Levy A, Massard C, et al. 
Tumor growth rate is an early indicator of antitumor drug activity in phase I 
clinical trials. Clin Cancer Res. 2014; 20: 246-52. 

41. Ferté C, Koscielny S, Albiges L, Rocher L, Soria JC, Iacovelli R, et al. Tumor 
growth rate provides useful information to evaluate sorafenib and everolimus 
treatment in metastatic renal cell carcinoma patients: an integrated analysis of 
the TARGET and RECORD phase 3 trial data. Eur Urol. 2014; 65: 713-20. 

42. Jackson P, Hofman M, McIntosh L, Buteau JP, Ravi Kumar A. Radiation 
Dosimetry in (177)Lu-PSMA-617 Therapy. Semin Nucl Med. 2022; 52: 243-54. 

43. Sartor O, de Bono J, Chi KN, Fizazi K, Herrmann K, Rahbar K, et al. 
Lutetium-177–PSMA-617 for Metastatic Castration-Resistant Prostate Cancer. 
New England Journal of Medicine. 2021; 385: 1091-1103. 

44. Hofman MS, Emmett L, Sandhu S, Iravani A, Joshua AM, Goh JC, et al. 
[(177)Lu]Lu-PSMA-617 versus cabazitaxel in patients with metastatic 
castration-resistant prostate cancer (TheraP): a randomised, open-label, phase 
2 trial. Lancet. 2021; 397: 797-804. 

45. Schäfer H, Mayr S, Büttner-Herold M, Knorr K, Steinhelfer L, Böger CA, et al. 
Extensive (177)Lu-PSMA Radioligand Therapy Can Lead to Radiation 
Nephropathy with a Renal Thrombotic Microangiopathy-like Picture. Eur 
Urol. 2023; 83: 385-90. 

46. Uijen MJM, Privé BM, van Herpen CML, Westdorp H, van Gemert WA, de 
Bakker M, et al. Kidney absorbed radiation doses for [ 177 Lu]Lu-PSMA-617 
and [ 177 Lu]Lu-PSMA-I&T determined by 3D clinical dosimetry. Nucl Med 
Commun. 2023; 44: 270-5. 

47. Baum RP, Kulkarni HR, Schuchardt C, Singh A, Wirtz M, Wiessalla S, et al. 
177Lu-Labeled Prostate-Specific Membrane Antigen Radioligand Therapy of 
Metastatic Castration-Resistant Prostate Cancer: Safety and Efficacy. J Nucl 
Med. 2016; 57: 1006-13. 

48. Okamoto S, Thieme A, Allmann J, D'Alessandria C, Maurer T, Retz M, et al. 
Radiation Dosimetry for (177)Lu-PSMA I&T in Metastatic Castration-Resistant 
Prostate Cancer: Absorbed Dose in Normal Organs and Tumor Lesions. J Nucl 
Med. 2017; 58: 445-50. 

49. Scarpa L, Buxbaum S, Kendler D, Fink K, Bektic J, Gruber L, et al. The 
(68)Ga/(177)Lu theragnostic concept in PSMA targeting of castration-resistant 
prostate cancer: correlation of SUV(max) values and absorbed dose estimates. 
Eur J Nucl Med Mol Imaging. 2017; 44: 788-800. 

50. Kratochwil C, Fendler WP, Eiber M, Hofman MS, Emmett L, Calais J, et al. 
Joint EANM/SNMMI procedure guideline for the use of (177)Lu-labeled 
PSMA-targeted radioligand-therapy ((177)Lu-PSMA-RLT). Eur J Nucl Med 
Mol Imaging. 2023; 50: 2830-45. 

51. Wang J, Zang J, Wang H, Liu Q, Li F, Lin Y, et al. Pretherapeutic 
68Ga-PSMA-617 PET May Indicate the Dosimetry of 177Lu-PSMA-617 and 
177Lu-EB-PSMA-617 in Main Organs and Tumor Lesions. Clin Nucl Med. 
2019; 44: 431-8. 

52. Privé BM, Derks YHW, Rosar F, Franssen GM, Peters SMB, Khreish F, et al. 
(89)Zr-labeled PSMA ligands for pharmacokinetic PET imaging and dosimetry 
of PSMA-617 and PSMA-I&T: a preclinical evaluation and first in man. Eur J 
Nucl Med Mol Imaging. 2022; 49: 2064-76. 

53. Sathekge MM, Lawal IO, Bal C, Bruchertseifer F, Ballal S, Cardaci G, et al. 
Actinium-225-PSMA radioligand therapy of metastatic castration-resistant 
prostate cancer (WARMTH Act): a multicentre, retrospective study. Lancet 
Oncol. 2024; 25: 175-83. 

54. Khreish F, Ebert N, Ries M, Maus S, Rosar F, Bohnenberger H, et al. 
(225)Ac-PSMA-617/(177)Lu-PSMA-617 tandem therapy of metastatic 
castration-resistant prostate cancer: pilot experience. Eur J Nucl Med Mol 
Imaging. 2020; 47: 721-8. 

55. Herrmann K, Rahbar K, Eiber M, Sparks R, Baca N, Krause BJ, et al. Renal and 
Multiorgan Safety of (177)Lu-PSMA-617 in Patients with Metastatic 
Castration-Resistant Prostate Cancer in the VISION Dosimetry Substudy. J 
Nucl Med. 2024; 65: 71-8. 

 


