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Precision oncology leverages molecular profiling to tailor cancer treatment, with
nuclear medicine playing an increasingly central role, particularly in elderly patients,
where noninvasive approaches are preferable. We present a case of a 76-year-old male
with metastatic prostate carcinoma (Gleason score: 5 + 5 = 10) exhibiting neuroendo-
crine differentiation. Imaging with multiple positron emission tomography (PET)
tracers—®%Ga-PSMA, '8F-FDG, ®8Ga-DOTATATE, and ®®Ga-FAPI—revealed significant
tumor heterogeneity. Tumor heterogeneity is multifactorial, influenced not only by
genetic changes but also by epigenetic, microenvironmental, and therapeutic pres-
sures. While ®Ga-PSMA PET/computed tomography (CT) showed variable expression
in osteosclerotic lesions, '®F-FDG PET/CT detected metabolic activity, and ®®Ga-
DOTATATE PET/CT confirmed low somatostatin receptor expression. Despite '’’Lu-
PSMA radioligand therapy, the disease progressed with rising prostate-specific antigen
levels. Subsequent gastrointestinal symptoms led to the diagnosis of sigmoid colon
adenocarcinoma, confirmed by ®®Ga-FAPI PET/CT. This case exemplifies the critical role
of nuclearimaging in characterizing tumor biology, guiding therapeutic strategies, and
reducing reliance on invasive procedures. The integration of multi-tracer PET imaging
enabled a nuanced understanding of tumor evolution, reinforcing nuclear medicine’s
importance in precision oncology and the management of complex, heterogeneous
malignancies.

positron emission tomography (PET) imaging for both
diagnostic and therapeutic purposes. PET imaging provides

Precision oncology involves molecular and genomic profil-
ing to identify specific tumor alterations for tailored ther-
apies, impacting diagnosis, prognosis, and treatment
efficacy. Tumor heterogeneity, driven by genetic, epigenet-
ic, microenvironmental, and therapy-induced changes over
time, poses challenges for accurate representation via
single biopsies during staging. Nuclear medicine plays a
pivotal role in this field, utilizing a range of radiotracers in
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insights into tumor heterogeneity, disease staging, treat-
ment response assessment, and prognosis, potentially re-
ducing the need for invasive procedures, particularly
beneficial for elderly patients. This case is novel for dem-
onstrating the simultaneous use of four PET tracers to
reveal marked tumor heterogeneity in a neuroendocrine-
differentiated prostate cancer with a synchronous colorec-
tal malignancy.
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Case Presentation

A 76-year-old male, a known case of metastatic carcinoma of
the prostate (Gleason score: 5+5=10, grade group 5 with
neuroendocrine differentiation) for 1 year, initially received
Abiraterone and monthly zoledronic acid injection. He pre-
sented to us with rising prostate-specific antigen (PSA) levels
(137 ng/mL, reference range: <4 ng/mL).

At 12 months, ®8Gallium-prostate-specific membrane
antigen PET/computed tomography (°®Ga-PSMA PET/CT)
showed extensive osteosclerotic lesions, some of which
showed moderate- to high-grade PSMA expression, while
others were nontracer avid. There was low-grade diffuse
PSMA expression in the prostate gland. He was advised for
177 utetium PSMA radioligand therapy ('”’Lu-PSMA RLT).

An '8F-fluorodeoxyglucose PET/CT ('8F-FDG PET/CT) was
done. It showed mild- to moderate-grade metabolic activity
in the multiple osteosclerotic lesions. There was no signifi-
cant metabolic activity noted in the prostate. %®Ga-DOTA-
TATE PET/CT was done in view of neuroendocrine
differentiation. It showed low-grade somatostatin receptor
(SSTR) expression in the multiple osteosclerotic lesions.

He received three cycles of 200 mCi '’7Lu-PSMA RLT every
8 weeks. There was progression in PSA levels despite being on
radioligand therapy and Apalutamide.

At 16 months, he then presented with complaints of lower
abdominal pain, loss of appetite, and blood in stool. Colonos-
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copy revealed an ulcerative lesion 14 cm from the anal verge.
Serum carcinoembryonic antigen levels were raised (102.6
ng/mL, normal 0-2.5 ng/mL). Biopsy revealed adenocarcino-
ma with focal signet ring cell morphology. He was advised for
68Ga-fibroblast activation protein inhibitor PET/CT (%3Ga-
FAPI PET/CT) in view of signet ring cell carcinoma. It showed
high-grade fibroblast activation protein (FAP) expression in
the heterogeneously enhancing circumferential wall thick-
ening in the sigmoid colon with surrounding serosal irregu-
larity and few tiny pericolonic lymph nodes. Low-grade FAP
expression was seen in the known metastatic osteosclerotic
lesions from primary prostate malignancy.

Discussion

Precision oncology is evolving rapidly. It is the profiling of
tumors at the molecular and genomic level to identify
targetable alterations.! It can have diagnostic, predictive,
prognostic, and therapeutic implications. Tumors are known
to be heterogeneous, showing distinct phenotypic and func-
tional profiles, arising from the cancer cells with the natural
progression of the disease as it accumulates genetic changes.
Single biopsies may not adequately capture this diversity, as
they cannot represent all subclones within primary or met-
astatic lesions.?

Nuclear medicine with its vast array of radiotracers plays
an important part in this field, for imaging as well as
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Fig. 1 MIPimages (A) showing multiple focal areas of tracer uptake with varying intensity on PSMA, FDG, DOTATATE, and FAPI. Sagittal (B) and
axial (D, E) images showing high-grade PSMA expression in some osteosclerotic lesions, while others are nontracer avid; FDG showed moderate
metabolic activity in multiple osteosclerotic lesions, including those that were non-PSMA avid; DOTATATE showing mild SSTR expression

in the high-grade PSMA expressing lesions. Axial images of the prostate (C) showing no significant uptake by any tracer. *8Ga-FAPI PET/CT axial,
coronal, and sagittal images (F show intense uptake in the concentric wall thickening of sigmoid colon and low-grade uptake in the known
metastatic osteosclerotic lesions from primary prostate malignancy. CT, computed tomography; FDG, 18F-fluorodeoxyglucose; MIP,
maximum intensity projection; PET, positron emission tomography; SSTR, somatostatin receptor.
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Fig.2 Post-'’’Lu-PSMA radioligand therapy scans: (A) anterior and (B) posteriorimages showing disease progression after two cycles of therapy

with new-onset metastatic skeletal lesions.

therapeutic purposes. Each PET tracer provides unique in-
formation—on staging, restaging, dedifferentiation, and
prognosis—helping to assess tumor heterogeneity without
repeated biopsies, especially in older patients.>*

Here, we present an interesting case of prostate adeno-
carcinoma with neuroendocrine differentiation (PCND) and
signet cell carcinoma sigmoid colon, imaged with four differ-
ent radiotracers of PET—PSMA, FDG, DOTATATE, and FAPI
(~Fig. 1)—and treated with three cycles of '”’Lu-PSMA RLT
(=Fig. 2). PCND can present as untreated pathology or more
commonly secondary to disease progression as resistance
develops to androgen deprivation therapy.>® PCND can
further progress to neuroendocrine prostate carcinoma
(NEPC). As NEPCs lose PSMA expression, FDG or SSTR imag-
ing can be used as alternatives.”8

In our case, skeletal lesions showed heterogeneous up-
take: some with high PSMA expression, others non-avid but
FDG-positive. A few lesions also showed mild SSTR and FAP
expression.

This case suggests that early use of novel tracers such as
FAPI in patients with atypical or discordant progression
may help avoid diagnostic delays and uncover synchronous
malignancies, consistent with recent reports demonstrat-
ing the broad clinical applicability of FAPI across cancers
and its superior lesion detection compared to FDG in
certain contexts.>'® A limitation of this report is that it
describes a single patient, and prospective studies are
needed to validate these findings and define clear clinical
workflows.

Conclusion

This case highlights the pivotal role of nuclear medicine in
the management of advanced prostate cancer with neuroen-
docrine differentiation, emphasizing its capability to assess

tumor heterogeneity and guide therapy without the need for
invasive biopsies, particularly in elderly patients. The use of
multiple PET tracers, such as PSMA, FDG, DOTATATE, and
FAPI, provided comprehensive insights into the diverse mo-
lecular profiles of metastatic lesions, aiding in treatment
decision-making. This approach underscores the evolving
landscape of precision oncology, where nuclear imaging not
only informs diagnosis and staging but also influences
therapeutic strategies tailored to individual tumor charac-
teristics. As such, nuclear medicine continues to demon-
strate its critical significance in enhancing patient care
through personalized and targeted approaches in oncology.
This case illustrates how multi-tracer PET can be integrated
into clinical workflows to individualize therapy in heteroge-
neous malignancies.

Conflicting Interest
None declared.

References

1 Schwartzberg L, Kim ES, Liu D, Schrag D. Precision oncology: who,
how, what, when, and when not? Am Soc Clin Oncol Educ Book
2017;37(37):160-169

2 Fisher R, Pusztai L, Swanton C. Cancer heterogeneity: implications
for targeted therapeutics. Br ] Cancer 2013;108(03):479-485

3 Bailly C, Bodet-Milin C, Bourgeois M, et al. Exploring tumor
heterogeneity using PET imaging: the big picture. Cancers (Basel)
2019;11(09):1282

4 Liu Y, Niu S, Luan X, et al. Can '8F-PSMA-7Q PET/CT replace
prostate biopsy for the diagnosis of prostate cancer?-a single-
center retrospective study Transl Androl Urol 2023;12(01):83-89

5 Parimi V, Goyal R, Poropatich K, Yang X]. Neuroendocrine differ-
entiation of prostate cancer: a review. Am J Clin Exp Urol 2014;2
(04):273-285

6 Hu CD, Choo R, Huang ]. Neuroendocrine differentiation in
prostate cancer: a mechanism of radioresistance and treatment
failure. Front Oncol 2015;5:90

World Journal of Nuclear Medicine © 2025. The Author(s).



Precision Medicine in Action Kar et al.

7 Bakht MK, Derecicheil, Li Y, et al. Neuroendocrine differentiation 9 Kratochwil C, Flechsig P, Lindner T, et al. 68Ga-FAPI PET/CT: tracer

of prostate cancer leads to PSMA suppression. Endocr Relat uptake in 28 different kinds of cancer. ] Nucl Med 2019;60(06):
Cancer 2018;26(02):131-146 801-805

8 Parida GK, Tripathy S, Datta Gupta S, et al. Adenocarcinoma 10 Chen H, Pang Y, Wu J, et al. Comparison of [°8Ga]Ga-DOTA-FAPI-
prostate with neuroendocrine differentiation: potential utility 04 and ['F] FDG PET/CT for the diagnosis of primary and
of 18F-FDG PET/CT and 68Ga-DOTANOC PET/CT over 68Ga-PSMA metastatic lesions in patients with various types of cancer. Eur ]
PET/CT. Clin Nucl Med 2018;43(04):248-249 Nucl Med Mol Imaging 2020;47(08):1820-1832

World Journal of Nuclear Medicine © 2025. The Author(s).



