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Somatostatin receptor (SSTR) expression in metastatic lung neuroen-
docrine tumors (NETs) has not been well characterized using PET
imaging. Understanding the degree and uniformity of SSTR expression
is important to establish the role of SSTR-targeted treatments in lung
NETs. Methods: A retrospective institutional review of patients with
metastatic lung NETs who underwent DOTATATE PET imaging from
March 2017 to February 2023 was performed. Results: In total, 48
patients with metastatic lung NETs who underwent 68Ga- or 64Cu-
DOTATATE PET imaging were identified. Four had completely negative
SSTR expression, and 10 had very weak expression (less than in a nor-
mal liver). Among the remaining 34 patients, 21 had uniformly positive
DOTATATE PET scans, and 13 had heterogeneous expression. Only
44% had uniformly positive receptor expression, identifying them as
candidates for peptide receptor radionuclide therapy. Conclusion:
Most metastatic lung NETs lack uniform SSTR expression and are thus
suboptimal candidates for SSTR-targeted therapy. SSTR imaging in
lung NETs should be evaluated carefully for uniformity of expression.
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Well-differentiated neuroendocrine tumors (NETs) are char-
acterized by the expression of somatostatin receptors (SSTRs) on
the cell surface. SSTRs are G-protein–coupled receptors with 7
transmembrane domains that regulate hormone secretion and cel-
lular proliferation. Among the 5 subtypes of SSTRs, receptor sub-
type 2 is most frequently expressed, followed by subtype 5 (1).
SSTR expression is highly relevant for treating advanced NETs,
because somatostatin analogs (SSAs) and radiolabeled SSAs
induce cytostatic and cytotoxic effects by binding to SSTRs (2,3).
Radiolabeled SSA therapy is a form of peptide receptor radio-
nuclide therapy (PRRT) in which a peptide coupled to a radioisotope
delivers radiation to a peptide receptor expressing malignancy.
Lung NETs, also known as bronchial carcinoid tumors, are a

relatively common subtype of well-differentiated NETs, represent-
ing approximately one quarter of the total population of gastro-
enteropancreatic and thoracic NETs (4). Pathologically, lung NETs
are subdivided into typical NETs (characterized by a mitotic rate of
,2 per 10 high-powered fields and the absence of necrosis) and

atypical NETs (indicated by a mitotic rate of 2–10 per 10 high-
powered fields or evidence of tumor necrosis on pathology) (5).
The typical and atypical categories roughly correspond to grade 1
and 2 gastroenteropancreatic NETs. Well-differentiated lung NETs
with a mitotic rate greater than 10 have not been appropriately cate-
gorized in current classifications but can also be considered atypical
NETs with relatively high proliferation (6,7).
The SSTR expression of lung NETs has not been well described

in the literature (8–10). Evidence that SSTR expression may be
relatively low in this patient population includes the poor enroll-
ment of patients with lung NETs in studies evaluating SSA and
radiolabeled SSA. For example, the phase III SPINET trial com-
paring lanreotide versus placebo in advanced lung NETs was
closed early for low accrual (11). Moreover, in large cohort studies
of the radiolabeled SSA 177Lu-DOTATATE in gastroenteropan-
creatic and thoracic NETs, only 5%–13% of the patients treated
carried the diagnosis of lung NETs (12,13).
SSTR expression can be assessed in several ways. Immunohisto-

chemical analysis of a biopsy specimen may accurately indicate
expression at a particular location but cannot account for intra-
and intertumoral heterogeneity. Therefore, a preferred method of
assessment is SSTR imaging. In the past, 111In-pentetreotide scin-
tigraphy (Octreoscan; Mallinckrodt Pharmaceuticals) was a stan-
dard method of whole-body evaluation of SSTR expression (2).
The Krenning scale, designed to compare tumoral expression with
uptake in normal organs such as the liver and spleen, was devel-
oped to standardize 111In-pentetreotide reports (14). A Krenning
score of 2, equivalent to normal liver uptake, often indicated a
positive 111In-pentetreotide scan. For radiolabeled SSA therapy, a
Krenning score of 2 or higher in all measurable tumors was
required for treatment eligibility.
Over the past decade, SSTR imaging using PET scans has largely

replaced 111In-pentetreotide scintigraphy. 68Ga-DOTATATE, 68Ga-
DOTATOC, and 64Cu-DOTATATE PET scans, typically fused
with CT, represent the most common SSTR imaging tests and offer
substantially improved sensitivity and resolution compared with
scintigraphic scans (15). SUV scores can be precisely measured for
individual tumors, although the comparison with normal organ
uptake is still required to contextualize the results. According to
some guidelines, SSTR expression greater than normal liver expres-
sion on SSTR PET imaging is a minimum requirement for PRRT
(16). Studies suggest SSTR expression roughly twice that of the nor-
mal liver predicts response (17). It is important to emphasize that
SSTR expression generally should be observed in all measurable
lesions. SSTR-negative tumors tend to be more aggressive and can
proliferate rapidly during PRRT, thus negating any beneficial effect
in SSTR-positive tumors.
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Studies evaluating SSTR expression in lung NETs are limited.
A retrospective study evaluated 25 patients with localized lung
tumors, of which only 11 were typical or atypical lung NETs (18).
Of the 25 Octreoscans in this patient population, only 20 were
described as positive. A more recent retrospective series evaluat-
ing the correlation between SSTR PET/CT imaging and immuno-
histochemical staining for SSTRs (subtypes 2 and 5) in 32 patients
with lung NETs demonstrated a correlation between SSTR sub-
type 2 immunohistochemical staining and SSTR PET/CT imaging
in 75% of the cases (9). In total, SSTR PET (68Ga-DOTATOC
and 68Ga-DOTANOC) was reported to be positive in 28 of 32
patients (87.5%), although the Krenning score was relatively low
(grade 1) in 12 patients (37.5%). There were no cases of immuno-
histochemically positive but SSTR PET/CT–negative tumors.
Tumor heterogeneity in SSTR expression was not described. A
similar study evaluated SSTR types 2a and 3 using immunohisto-
chemical analysis in 218 well- and poorly differentiated lung neu-
roendocrine neoplasms (24 typical, 73 atypical) and correlated
results with SSTR imaging where available (19). SSTR type 2a
was overexpressed in typical NETs compared with atypical NETs.
SSTR expression by immunohistochemical analysis correlated
with the corresponding Octreoscan in 20 of the 28 cases where it
was available. Another study evaluating SSTRs in lung NETs
using immunohistochemical staining noted that tumors expressing
SSTR subtypes 1 and 2 had improved outcomes compared with
those expressing SSTR subtypes 3 and 4 (20).
A more thorough understanding of SSTR expression in lung

NETs is essential to contextualize the role of SSAs and radiola-
beled SSAs in this patient population to accurately predict the
potential for clinical trial enrollment. In addition, since systemic
treatments are generally administered for advanced disease, a
focus on metastatic tumors is critical for evaluating intertumoral
heterogeneity in SSTR expression.

MATERIALS AND METHODS

All patients who underwent 68Ga- or 64Cu-DOTATATE PET at
Moffitt Cancer Center between March 2017 and February 2023 were
analyzed to identify patients with primary lung NETs. The standard
imaging protocol included a 68Ga-DOTATATE injection of 1,998
kBq/kg (#199,800 kBq) or a 64Cu-DOTATATE injection of 148,000
kBq 1 h before PET/CT imaging. The imaging protocol consisted of
low-dose CT imaging from the skull apex to the mid thigh and PET
imaging using a Discovery MI time-of-flight scanner (GE Healthcare).
The data were then processed using GE Healthcare Advanced Work-
space software to include multiplanar reconstructions of the CT, PET,
and overlayed (fused) data for interpretation. Incubation time was
60min, and acquisition time per bed position was 3min for 68Ga and
4–5min for 64Cu depending on body mass index. We used a matrix
size of 1923 192 for 68Ga and 2563 256 for 64Cu. All examinations
were compared with the most recent anatomic imaging (CT, MRI)
available. 68Ga-DOTATATE PET scans were done until the point of
64Cu-DOTATATE PET approval in the United States, when most
scans performed were with 64Cu-DOTATATE. The Krenning score
was prospectively used as part of the examination interpretation. Clini-
copathologic data collected included demographics, tumor stage, grade
and differentiation, SSTR expression, presence of functional hormonal
syndrome, sites of disease, prior therapies, and vital status.

Radiographic scans were reviewed by a nuclear medicine radio-
logist to assess SSTR expression. Institutional Review Board approval
was obtained for this analysis, and patient consent was not required
because of the study’s retrospective nature.

RESULTS

Among 1,978 patients who underwent 68Ga- or 64Cu-DOTA-
TATE PET between March 2017 and February 2023, 48 patients
with metastatic NETs originating in the lung were identified.
Among these patients, 30 had atypical NETs and 18 had typical
lung NETs. Patient and tumor characteristics are summarized in
Table 1.
Four patients (8%) had a complete absence of tumoral SSTR

expression, 2 patients (4%) had uniformly weak expression (less
than in a normal liver), 8 patients (17%) had a heterogeneous mix-
ture of absent and weakly expressing tumors, and 13 patients
(27%) had a heterogeneous mixture of strongly avid tumors com-
bined with the absence or near absence of SSTR expression in
measurable tumors. Only 21 patients (44%) had uniformly strong
SSTR expression in all their tumors (Table 2). Of the 18 patients
with typical NETs, 12 (67%) had positive uniformly strong SSTR
expression, 4 (22%) had heterogeneous expression, 1 (5%) had
weak expression, and 1 (5%) had absent SSTR expression. Among
the 30 atypical NETs, only 9 (30%) had uniformly strong expres-
sive tumors, 17 (57%) had heterogeneous SSTR expression, 3

TABLE 1
Patient and Tumor Characteristics

Parameter N %

Female 29 60

Male 19 40

Ki-67

#2% 10 21

3%–20% 29 60

.20% 6 13

Unknown 3 6

Atypical 30 63

Typical 18 37

Hormone syndrome

Yes 9 19

No 39 81

TABLE 2
Breakdown of SSTR Expression in Each Tumor Type

SSTR expression Typical Atypical Total (%)

Absent 1 3 4 (8%)

Uniformly present low
expression (,liver)

1 1 2 (4%)

Uniformly present high
expression (.liver)

12 9 21 (44%)

Heterogeneous low
expression (mixture of low
and absent expression)

2 6 8 (17%)

Heterogeneous strong
expression (mixture of
high and absent
expression)

2 11 13 (27%)

Total 18 30 48
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(10%) had absent SSTR expression, and 1 (3%) had uniform but
weak SSTR expression. Only 21 of 48 patients (44%) had uni-
formly strong positive receptor expression, which would render
them candidates for treatment with PRRT. All patients in this
latter category had tumors with an SUVmax at least double that in
a normal liver, except for 1 patient with an SUVmax slightly above
that in a normal liver.

Breakdown of SSTR expression in each tumor type is summa-
rized in Table 2. Examples of strong, heterogeneous, and absent
tumor expression are shown in Figures 1–3.

DISCUSSION

Understanding the unique patterns of SSTR expression in
advanced lung NETs is essential when considering the role of
SSTR-targeting systemic treatments. However, prior data were lim-
ited and included heterogeneous histologies (well- and poorly differ-
entiated neoplasms) and stages (localized and metastatic). Our
analysis focused on a relatively homogeneous population of patients
with metastatic well-differentiated lung NETs who underwent SSTR
PET/CT imaging using 68Ga- or 64Cu-DOTATATE PET scans.
Our findings suggest that SSTR expression in lung NETs, particu-

larly atypical lung NETs, differs from that in well-differentiated
gastroenteropancreatic NETs. Although completely absent SSTR
expression is relatively uncommon, heterogeneous expression is
frequent. Nearly a third of SSTR PET/CT scans (13/48) showed a
heterogeneous pattern with both strongly positive and strongly
negative SSTR expression in different tumors.
These results suggest that SSAs, particularly radiolabeled SSAs,

may play a relatively limited role in lung NETs versus gastroentero-
pancreatic NETs. Although SSAs can be considered for treating
patients with heterogeneous SSTR expression, PRRT is relatively
contraindicated in this scenario. The low rates of uniform-avidity
SSTR expression (44% in our cohort) also explain the relatively poor
accrual of patients with lung NETs to studies of SSAs and potential
difficulties in the accrual of this patient population to PRRT trials.
The main limitation of our study is the relatively small sample

size of patients, particularly with typical NETs. The relatively low
incidence of metastatic, differentiated lung NETs as well as the
lower rates of referral to neuroendocrine specialty centers for lung
NETs than for gastroenteropancreatic NETs may be the cause.
Larger studies would be helpful to corroborate our findings. Clini-
cal trials evaluating PRRT in lung NETs, such as A021901

FIGURE 1. Strong SSTR expression on PET/CT (A) corresponding to
metastatic lesions on contrast-enhanced CT (B).

FIGURE 2. Heterogeneous SSTR expression on PET/CT (A) compared
with metastatic lesions on contrast-enhanced CT (B).

FIGURE 3. Absent SSTR expression on PET/CT (A) compared with
metastatic lesions on contrast-enhanced CT (B).
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(NCT04665739), will be important for evaluating the efficacy of
PRRT in this rare patient population.

CONCLUSION

Metastatic lung NETs often demonstrate a heterogeneous pat-
tern of SSTR expression, with relatively few tumors showing high
levels of uniform expression on SSTR PET/CT scans. This infor-
mation suggests that most lung NETs may be ineligible for PRRT
using radiolabeled SSAs.
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KEY POINTS

QUESTION: What are the SSTR expression patterns of metastatic
lung NETs?

PERTINENT FINDINGS: Most metastatic lung NETs express
SSTR weakly or heterogeneously, potentially rendering patients
ineligible for SSTR-based therapies.

IMPLICATIONS FOR PATIENT CARE: DOTATATE PET images
should be carefully evaluated in patients with lung NETs to ensure
strong uniform expression of SSTRs when considering treatment
with radiolabeled SSAs.
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