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Abstract

Purpose Prostate-specific membrane antigen (PSMA), a protein product of the folate hydrolase 1 (FOLHI) gene, is gaining
increasing acceptance as a target for positron emission tomography/computer tomography (PET/CT) imaging in patients
with several cancer types, including breast cancer. So far, PSMA expression in breast cancer endothelia has not been suf-
ficiently characterized.

Methods This study comprised 315 cases of invasive carcinoma of no special type (NST) and lobular breast cancer (median
follow-up time 9.0 years). PSMA expression on tumor endothelia was detected by immunohistochemistry. Further, vascular
mRNA expression of the FOLHI gene (PSMA) was investigated in a cohort of patients with invasive breast cancer provided
by The Cancer Genome Atlas (TCGA).

Results Sixty percent of breast cancer cases exhibited PSMA-positive endothelia with higher expression rates in tumors of
higher grade, NST subtype with Her2-positivity, and lack of hormone receptors. These findings were confirmed on mRNA
expression levels. The highest PSMA rates were observed in triple-negative carcinomas (4.5 X higher than in other tumors).
Further, a case of a patient with metastatic breast cancer showing PSMA expression in PET/CT imaging and undergoing
PSMA radionuclide therapy is discussed in detail.

Conclusions This study provides a rationale for the further development of PSMA-targeted imaging in breast cancer, espe-
cially in triple-negative tumors.

Keywords FOLH1 - PSMA - Breast cancer - PET/CT - Expression - Endothelium - Marker

Introduction
Yuri Tolkach, Heidrun Gevensleben and Ralph Bundschuh are

contributed equally to this work. . . .
Prostate-specific membrane antigen (PSMA), a protein prod-

Markus Essler, Walther Kuhn and Glen Kristiansen—shared uct of the folate hydrolase 1 (FOLH]I) gene, is increasingly
senior authors. used as a molecular target for positron emission tomogra-
phy/computer tomography (PET/CT) imaging in patients
with several cancer types, besides prostate cancer [1-3].
Despite its misleading name, PSMA is not at all prostate
Institute of Pathology, Center for Integrated Oncology, specific but widely expressed on the neovasculature of many
University Hospital Bonn, University of Bonn, tumors, including renal cell and squamous cell carcinoma,
Sigmund-Freud-Str. 25, 53127 Bonn, Germany . .

- gastric cancer, and colorectal cancer [1, 4, 5]. Also in breast
Department of Nuclear Medicine, Center for Integrated cancer, several smaller studies reported PSMA-positive
Oncology, University Hospital Bonn, University of Bonn, .. . .
53127 Bonn, Germany tumor vessels [6-8]. Recently, the positive experience with
PSMA-PET/CT imaging in patients with metastatic renal
cell carcinoma, thyroid cancer, and also breast cancer was

< Glen Kristiansen
glen kristiansen @ukbonn.de

Department of Obstetrics and Gynecology, Center
for Integrated Oncology, University Hospital Bonn,
University of Bonn, 53127 Bonn, Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10549-018-4717-y&domain=pdf

448

Breast Cancer Research and Treatment (2018) 169:447-455

reported, indicating that vascular PSMA expression might
be a promising tracer for PET imaging [2, 9, 10].

This study aimed to characterize PSMA protein expres-
sion in a large well-characterized cohort of breast cancer
cases and to correlate with clinicopathological parameters
including survival times. Additionally, we validated our
findings using a The Cancer Genome Atlas (TCGA) breast
cancer cohort at mRNA expression level and present a first
case of PSMA-based therapy in a patient with metastatic
breast cancer.

Materials and methods
Patient cohort (immunohistochemistry)

Three hundred fifteen treatment-naive female patients from
one institution (gynecological department of the University
Hospital Bonn) were included in this study (Table 1). All
patients underwent surgery for breast cancer between 2002
and 2012. Second malignancy, neoadjuvant therapy, histo-
logical types other than invasive carcinoma of no special
type (NST) and invasive lobular cancer as well as metas-
tases at the time of surgery were regarded as exclusion
criteria. During follow-up, 38 patients (12.1%) developed
metastases after median 38 months (range 10-165 months).
Sixteen patients (5.1%) experienced locoregional disease
progression after median 44 months (range 9—165 months)
and 47 patients (14.9%) died after median 49 months (range
1-176 months).

Materials
Construction of tissue microarray (TMA)

Formalin-fixed paraffin-embedded archival specimens
were used for TMA construction using three tumor cores
per patient (1 mm in diameter). An experienced pathologist
supervised the tissue content of the resultant TMA.

Immunohistochemistry protocol

TMA blocks were freshly cut (3 um) and mounted on
superfrost slides (Menzel Gldser, Brunswick, Germany).
After deparaffinization with xylene and gradual rehydra-
tion, antigen retrieval was achieved by pressure cooking in
0.01 mol/L citrate buffer for 5 min. Slides were incubated
with primary antibody (mouse monoclonal antibody, Dako/
Agilent, Clone 3E6; dilution 1:100), counterstained with
hematoxylin, and aqueously mounted.
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Table 1 Clinicopathological characteristics of the study cohort
(immunohistochemistry cohort, n = 315)

Parameter Absolute Proportion
Age, years; mean (range) 56.3 (26-93) -
Follow-up time, months (median, range): 118 (1-190) -
Histological subtype
NST* 251 79.7%
Invasive lobular 64 20.3%
Histological grade®
Gl 4 1.3%
G2 192 60.9%
G3 119 37.8%
pT-category
pTla 9 2.9%
pTlb 51 16.2%
pTlc 117 37.1%
pT2 107 34.0%
pT3 18 5.7%
pT4 6 4.1%
pN-category
pNO 161 51.1%
pNmi 7 22%
pNla 47 14.9%
pN1b 9 2.9%
pN2 27 8.6%
pN3 23 7.3%
N/A 41 13.0%
Multifocal tumor
No 232 73.7%
Yes 83 26.3%
Postoperative R-status
RO 285 90.5%
R1 21 6.7%
N/A 9 2.8%
Estrogen receptor status
Negative 55 17.5%
Positive 253 80.3%
N/A 7 2.2%
Progesterone receptor status
Negative 73 232%
Positive 235 74.6%
N/A 7 2.2%
Her2-Status®
Negative 251 79.7%
Positive 57 18.1%
N/A 7 22%
Triple-negativity
No 275 87.3%
Yes 33 10.5%
N/A 7 2.2%
Hormone receptor-negativity
No 261 82.9%
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Table 1 (continued)

Parameter Absolute Proportion
Yes 47 14.9%
N/A 7 22%

*NST—non-special type
bgrading according to Elston and Ellis (Nottingham Histologic Score)

‘including fluorescence in situ hybridization in case of indeterminate
immunohistochemistry

Immunohistochemistry evaluation

The slides were evaluated by two experienced pathologists,
quantifying staining intensity on tumor endothelia using a
4-tiered scoring system (0: negative; 1: weakly positive; 2:
moderately positive; 3: strongly positive). Also, the percent-
age of positive vessels was recorded.

Case report of PSMA-based radionuclide therapy

A first treatment attempt was performed to a 38-year-old
woman with triple-negative breast cancer first diagnosed
2 years before. The patient was initially treated with 4 cycles
epirubicin, cyclophosphamide, and bevacizumab followed
by docetaxel and bevacizumab as neoadjuvant regimen,
followed by extensive surgical resection. After resection a
wide field radiation treatment was performed. Besides this
intensive therapy local recurrence was diagnosed 5 months
after the radiation treatment was finished. Additional surgery
was performed followed by a second chemotherapy with
carboplatin. Tumor progress in the thorax wall was already
diagnosed at the end of this adjuvant treatment. Another
extensive surgical resection was performed including the
left thorax wall. Due to the fast progress after a wide range
of systemic therapy in the interdisciplinary tumor confer-
ence, a treatment with [177Lu]Lu-PSMA was decided as
individual treatment attempt and after PSMA-receptor sta-
tus was proven in [68 Ga]Ga-PSMA-PET/CT (Fig. 3). The
patient obtained two times 7.5 GBq [177Lu]Lu-PSMA with
an interval of 4 weeks.

Ethical issues

This project was approved by the ethical committee of the
University Hospital Bonn (Number 169/16). The patient
(case report) gave written and informed consents for the
treatment and the scientific use of the data.

Analysis of the TCGA data

Clinical data and normalized mRNA expression data of
975 breast cancer cases were downloaded from the TCGA

dataset. As described before, we performed a normalization
of FOLHI (PSMA) data using mRNA expression of a vas-
cular marker (CD34), which is not expressed by tumor cells,
by calculating a ratio [1].

Statistical analysis

Statistical analysis was carried out using R (R Foundation
for Statistical Computing; version 3.4.1).

Results

Correlation between PSMA vascular expression
and clinicopathological parameters

Immunohistochemistry cohort

As expected, PSMA displayed a diffuse cytoplasmic stain-
ing pattern. Sixty percent of patients in our study showed a
PSMA positivity in tumor vessels: weak PSMA expression
was seen in 27.6% (n = 87) of cases, moderate expression
in 24.4% (n = 77), and strong expression in 8% (n = 25)
(Fig. 1).

The percentage of positive vessels correlated highly
with the intensity of vascular staining (Pearson’s r = 0.87,
p < 2.2e—16). Higher vascular PSMA protein expression
was observed in higher grade, NST subtype, hormone
receptor-negative, Her2-positive, and triple-negative
tumors (Table 2). A relatively strong negative correla-
tion was present between PSMA vascular expression and
hormone receptor expression of the tumor (Pearson’s r):
estrogen receptor — 0.25 with p = 1.1e—05, and proges-
terone receptor — 0.28 with p = 4.8e—07. There was no
association between pN-stage, locoregional progression
status, development of distant metastases, and the patients’
overall survival status and PSMA protein expression (all
p > 0.2). There was also no correlation with tumor size or
multifocality of disease (all p > 0.4).

Very few cases (3%, 10 cases) showed an additional
weak expression of PSMA in epithelial tumor cells
(Fig. 1f).

TCGA cohort

On mRNA expression levels the findings were similar to
the results of the immunohistochemistry studies with higher
grade cancer, NST subtype, hormone receptor-negative,
Her2-positive, and triple-negative tumors expressing sig-
nificantly more FOLHI (PSMA) mRNA, even when nor-
malized using a vascular marker (Table 3). Similarly, high
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Fig. 1 Immunohistochemical staining patterns of the prostate-specific
membrane antigen (PSMA) in NST and invasive lobular breast carci-
noma. a—Negative staining of the neovasculature (NST carcinoma).
b—Weak staining of the neovasculature (NST carcinoma). c—Mod-

levels of negative correlation were observed for estrogen and
progesterone receptor status and FOLHI mRNA expression
(Pearson’s r): estrogen receptor — 0.28 with p < 2.2e—16,
and progesterone receptor — 0.27 with p < 2.2e-—16. Impor-
tantly, normalized vascular expression of FOLHI was 4.5
times higher in triple- and hormone receptor-negative
tumors (Table 3).

Survival analysis
Immunohistochemistry cohort

Univariate survival analyses (Kaplan—-Meier and Cox) failed
to demonstrate significant associations between PSMA pro-
tein expression and metastasis-free survival or overall sur-
vival (Fig. 2a, b).

TCGA cohort

Only overall survival was available in TCGA cohort as
endpoint for survival analyses. For the whole cohort of
patients, there was only a trend towards longer survival times
in patients with lower normalized vascular expression of
FOLHI mRNA (Fig. 2c, Table 4). However, the analysis of
subgroups of patients with positive lymph nodes (log-rank
p =0.019), pN-stage > pN2 (p = 0.001), pT-stage > pT2
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staining of the tumor cells (NST carcinoma)

(p = 0.015) and > pT3 (p = 0.002), and UICC-Stage > 2
(p =0.028) and > 3 (p = 0.001) showed a statistically sig-
nificant worse survival of cases with higher normalized vas-
cular expression of FOLH1 mRNA (using optimized cut-off
of 0.0355 in all analyses) (Fig. 2d, Suppl. Data).

PSMA-PET/CT imaging and therapy in a female
patient with metastatic breast cancer

The treatment described before was tolerated well by the
patient, no side effects were observed. [177Lu]Lu-PSMA
accumulated well as shown by the post-therapeutic scintig-
raphy (Fig. 3). However clinical follow-up showed severe
progress four weeks after the second cycle of treatment with
[177Lu]Lu-PSMA, so no further cycles were applied.

Discussion

Even though PSMA protein was originally considered
to be prostate specific, we now know that this is a mis-
nomer, as it is expressed on the vessels of many tumor
types, including breast cancer [6]. Also normal breast
epithelia may express PSMA [11], which we confirm in
our study. This study demonstrates endothelial PSMA
positivity in up to 60% of breast carcinomas. An earlier
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Table2 Correlation betyvecn Parameter PSMA Expression (maximum intensity) p level®
PSMA vascular expression
(immunohistochemistry) and 0 1 2 3
clinicopathological parameters
(immunohistochemistry cohort) Histological tumor grading
Gl 3 (75.0%) 0 (0%) 1 (25%) 0 (0%) 0.002°
G2 89 (46.4%) 55 (28.6%) 38 (19.8%) 10 (5.2%)
G3 34 (28.6%) 32 (26.9%) 38 (31.9%) 15 (12.6%)
Histological type
NST 89 (35.4%) 72 (28.7%) 67 (26.7%) 23 (9.2%) 0.01
Invasive lobular 37 (57.8%) 15 (23.4%) 10 (15.6%) 2(3.1%)
pT-category
pT1 87 (49.2%) 41 (23.2%) 38 (21.5%) 11 (6.2%) 0.059°¢
pT2 30 (28.0%) 34 (31.8%) 32 (29.9%) 11 (10.3%)
pT3 6 (33.3%) 7 (38.9%) 4 (22.2%) 1(5.6%)
pT4 3 (23.1%) 5 (38.5%) 3(23.1%) 2 (15.4%)
pN-category
pNO 58 (36.0%) 50 (31.1%) 38 (23.6%) 15 (9.3%) 0.389
pN+ 51 (45.1%) 26 (23.0%) 27 (23.9%) 9 (8.0%)
Her2-status®
Negative 111 (44.2%) 71 (28.3%) 54 (21.5%) 15 (6.0%) 0.001
Positive 13 (22.8%) 14 (24.6%) 21 (36.8%) 9 (15.8%)
Triple-negativity®
No 117 (42.5%) 77 (28.0%) 64 (23.2%) 17 (6.2%) 0.006
Yes 7(21.2%) 8 (24.2%) 11 (33.3%) 7 (21.2%)
Hormone receptor-negativity®
No 116 (44.4%) 76 (29.1%) 56 (21.5%) 13 (5.0%) 1.9e—-06
Yes 8 (17.0%) 9 (19.2%) 19 (40.4%) 11 (23.4%)

*Fisher’s exact test
®p level for G2 vs. G3

“Pearson’s Chi-squared test

dp = 274 (available information to pN-stage)

°n = 308 (available information to Her2-Status)

study demonstrated a slightly higher rate of 74% and
also reported clinicopathological correlations of PSMA
expression [6]. Strengths of our study were: (a) a larger
well-characterized cohort with a wide spectrum of clinico-
pathological characteristics and available follow-up, (b)
several survival endpoints (n = 315), and (c) a validation
of our data using a normalized vascular mRNA expression
of the FOLHI gene (PSMA) in the TCGA breast cancer
cohort with a vascular normalization methodology we
have developed earlier [1]. Another important point is the
optimized dilution of the antibody used in our study. Pri-
marily, PSMA positivity of the tumor is considered with
regard to the potential application of PSMA-PET/CT in
patients, for example for the diagnosis of metastases. In
other tumor types, besides prostate cancer, immunohis-
tochemistry against PSMA in the tumor tissue could rep-
resent a test, positive results of which could serve as an
indication for PSMA-PET/CT in a metastatic setting [1].
Therefore the dilution of the antibody should be precisely

adjusted to guarantee further applicability of PSMA-PET/
CT. In our study, we used the same antibody as Wernicke
et al. [6] but at a lower concentration (1:100 in the pre-
sent study vs 1:20 in [6]). Therefore, we think that our
results might be more informative with regard to a poten-
tial diagnostic application of vascular PSMA expression
(PSMA-PET/CT).

Importantly, vascular PSMA expression is pronounced
in higher grade, NST subtype, Her2-positive, and hormone
receptor-negative tumors, as described before [6]. All these
associations (except for histological tumor grade, which was
not available for the TCGA cohort) were present at both the
protein and mRNA level. Interestingly, there was no asso-
ciation of PSMA expression with nodal status. The highest
PSMA levels were observed in hormone receptor-negative
and triple-negative carcinomas. Normalized vascular mRNA
expression was 4.5 times higher in these tumors compared
to all other carcinomas under investigation, reaching the
quantitative expression levels of renal cell carcinomas, for
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Table 3 Correlation

between FOLHI (PSMA)
mRNA expression and
clinicopathological parameters
(TCGA cohort, n = 975)

Parameter

mRNA expression (normalized transcript number)

FOLHI median (range) p level? FOLH] vascular (FOLH1/  p level®
CD34) median (range)
Tissue type
Normal tissue 253.6 (2.6-4418.6) <2.2e-16 b -
Tumor tissue 126.1 (0.4-4829.6) 0.05 (0.008-16.4)
Histological type
NST 68.8 (0.4-4829.6) <2.2e-16 0.06 (0.009-16.4) <2.2e-16
Invasive lobular 38.8 (3.4-2003.6) 0.02 (0.003-3.1)
pT-category
pT1 51.8 (0.4-1459.3) 0.626° 0.04 (0.0009-4.3) 0.737¢
pT2 70.0 (2.5-4829.6) 0.06 (0.002-16.5)
pT3 50.7 (6.3-694.3) 0.03 (0.004-1.4)
pT4 49.9 (6.2-635.2) 0.04 (0.004-0.6)
pN-category
pNO 61.6 (2.5-2959.5) 0.355¢ 0.05 (0.002-4.7) 0.606°
pN1 60.2 (0.4-3944.2) 0.06 (0.003-16.5)
pN2 57.1 (5.0-4829.6) 0.04 (0.004-0.5)
pN3 52.6 (6.3-457.0) 0.04 (0.004-0.4)
Her2-status
Negative 57.3 (0.4-4829.6) <2.2e—-16 0.05 (0.008-16.5) <2.2e—16
Positive 77.3 (6.2-2959.5) 0.07 (0.003-4.7)
Triple-negativity
No 51.9 (0.4-2959.5) < 2.2e—-16 0.04 (0.0009-5.1) <2.2e—16
Yes 162.1 (6.2-4829.6) 0.18 (0.009-16.5)
Hormone receptor-negativity
No 50.3 (0.4-2434.1) <2.2e-16 0.04 (0.008-5.1) <2.2e-16
Yes 160.5 (6.2-4829.6) 0.18 (0.008-16.5)

“Mann—Whitney U-test

®Tmmunohistochemically there is no expression of PSMA protein in normal vessels, however in some cases
the epithelial cells of terminal ductulo-lobular units are PSMA-positive

ANOVA analysis

which PSMA-PET/CT shows promising results for the visu-
alization of metastases [1, 9]. Therefore, patients with this
carcinoma subtype may be the best candidates for PSMA-
based radionuclide imaging. Given the paucity of therapeu-
tic options for these patients, PSMA-based therapy could
also represent a novel therapeutic modality, which warrants
further studies. There also is supporting experimental evi-
dence [12, 13] for this concept showing that endothelial
cells expressing PSMA could internalize the antibody and
nanoparticles carrying a PSMA-binding ligand/inhibitor in
a similar way as prostate cancer cells, which is a necessary
prerequisite for the application of radiopharmaceuticals with
therapeutic intent.

Importantly, PSMA expression in prostate cancer was
shown to be similar to breast cancer in that it negatively
correlated to androgen receptor activation and was very
responsive to changes in AR pathway activity, which led
to the experimental use of antiandrogen blockade as a
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sensitizer prior to PSMA-PET/CT with a positive effect
in several small studies [14, 15]. Whether this might be
the case for estrogen-antagonizing drugs in breast cancer
remains unclear.

Several case reports have suggested a PSMA-PET/CT as
a diagnostic tool in patients with metastatic breast cancer
[10, 16]. In the current study, we add a case to the already
published evidence and report the first case of PSMA-based
radionuclide therapy in a female patient with triple-nega-
tive breast cancer. In this young patient the two cycles with
7.5 GBq [177Lu]Lu-PSMA were tolerated very well. No
side effects were reported by the patient, also no bone mar-
row or kidney toxicity was observed in the follow-up after
the treatment. Unfortunately the tumor did not respond to
the internal radiation treatment and progressed under ther-
apy. This may be due to the very high proliferation index
of 90% found in the last surgical specimens in this patient.
No response to the previously applied chemotherapies was
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Fig.2 Kaplan—Meier estimates for metastasis-free and overall sur-
vival with log-rank test. a Immunohistochemistry cohort: all patients,
metastasis-free survival, PSMA protein expression on the vessels
(Staining intensity 0, 1, 2, or 3). b Immunohistochemistry cohort: all
patients, overall survival, PSMA protein expression on the vessels
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(Staining intensity 0, 1, 2, or 3). ¢ TCGA cohort: all patients, over-
all survival, cut-off for normalized vascular expression of FOLHI
(FOLH1/CD34) = 0.0355. d TCGA cohort: patients with UICC-stage
> 2, overall survival, cut-off for normalized vascular expression of
FOLHI (FOLHI/CD34) = 0.0355

Table 4 Univariate and

S . Parameter Univariate cox analysis Multivariate model 1 Multivariate model 2
multivariate Cox analysis
of the normalized vascular HR 95%CI  plevel HR 95%CI  plevel HR 95%CI  plevel
FOLHI (PSMA) mRNA
expression in patients with FOLH1/CD34
UICC-Stage > “2” with overall < cut-off 1.0 - - 1.00 - - 1.0 - -
survival as endpoint (TCGA > cut-off 32 1566 0002 27 11-67 003 22 09-55 0094
cohort; n = 239; number of . .
events = 45) Histological subtype
NST 1.0 - - 1.0 - - 1.0 - -
Invasive lobular 0.7  0.3-1.4  0.288 1.0 0423 0.968 1.0 04-23 0972
Triple-negativity
No 1.00 - - 1.00 - - 1.0 - -
Yes 47  22-100 49e-05 4.6 2.0-106 0.0004 45 1.9-10.7 0.0005
Her2-Status
No 1.0 - - 1.00 - - 1.0 - -
Yes 14  0.7-28 0.396 1.7 0.8-3.9  0.197 1.3 0.6-3.1 0.509
Adjuvant radiation
No 1.00 - - 1.0 - -
Yes 0.3 0.1-0.5 5.6e—06 0.3 0.1-0.6  0.0003
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Fig.3 [68 Ga]Ga-PSMA-PET/CT (upper row) showing intense
uptake in locale residuum (red arrow) as well as multiple lymph
nodes. Posttherapy scans (lower row) after the first cycle of 7.5 GBq

observed as well. Even though this treatment failed onco-
logically in this case, it also demonstrated that [177Lu]Lu-
PSMA has a rather convenient toxicity profile and that fur-
ther attempts are warranted to clarify the therapeutic efficacy
of this approach.

Although many tumors were PSMA-positive in our study,
we should state one limitation for using PSMA immunohis-
tochemistry as indication for PSMA-PET/CT use, namely,
heterogeneity of PSMA expression in tumor tissue. In our
study, we used three tumor tissue cores (each 1 mm in
diameter) and derived a maximal staining from all cores
for further analyses. In clinical practice, the investigation
of conventional tumor slides may be more representative
before considering PET/CT. One other limitation of our
study is that in both cohorts (immunohistochemistry and
TCGA) only primary tumors were available for analysis and
not the metastatic foci that can also affect the productiv-
ity of PSMA-PET/CT imaging. However, some small case
series have shown that PSMA expression could be higher
in metastases than in the primary tumors with supporting
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[177Lu]Lu-PSMA showed high uptake in the breast wall (left) as well
as in the lymph nodes (right)

evidence from the largest case series of PET/CT imaging
in patients with metastatic breast cancer [6, 10]. One other
important issue to consider is that commercially available
antibodies for immunohistochemistry and also the ligands
used for the diagnostic setting target a number of differ-
ent PSMA epitopes [17, 18] that could affect the diagnostic
and therapeutic properties of the concrete products. In light
of the growing popularity of PSMA as pan-cancer imaging
agent in nuclear medicine, we have to bear in mind PSMA is
not only expressed by a variety of tumors, but also by benign
conditions, including those affecting the breast [19-22].

Conclusions

This study provides a detailed examination of PSMA expres-
sion in breast cancer on protein and mRNA level. One of
the main findings is a high-expression rate of PSMA on
tumor endothelia in patients with hormone-negative and



Breast Cancer Research and Treatment (2018) 169:447-455

455

triple-negative tumors, who may be the best candidates for
PSMA-PET/CT imaging in the metastatic setting. We also
report on a first case of PSMA radionuclide therapy in a
female patient with metastatic breast cancer, which unfor-
tunately progressed under therapy, but the low toxicity sug-
gests further studies to clarify the efficacy of PSMA-directed
therapy especially in triple-negative breast cancer cases.
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