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Impact of Cold Somatostatin Analog Administration on
Somatostatin Receptor Imaging
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oPurpose: The interactions between the administration of cold somatostatin
\analogs (cSAs) and their radiolabeled counterpart remain unclear, and dis-
Scontinuation before imaging is still advised as a precaution. The aim of this
iusystematic review is to evaluate the consequences of cSA administration on
ntumoral and surrounding healthy organs' uptake at somatostatin receptor
< (SSTR) imaging with SPECT or PET.
UMethods: After registration of the study on Prospero (CRD42022360260),
;zﬁan electronic search of PubMed and Scopus databases was performed. Inclu-
sion criteria were as follows: human patients referred for SSTR imaging for
oncological purposes; at least 1 examination performed either before cSA
administration or after a long-enough withdrawal of cSA treatment; at least
o1 examination was performed under cSA treatment. Included articles were
independently appraised by 2 authors using the standardized protocol pro-
ided by the Quality Assessment of Diagnostic Accuracy Studies. Discrep-
fancies were solved by consensus.
ZResults: A total of 12 articles were included, 4 using '' 'In-pentetreotide and
=8 using **Ga-DOTA peptides. Administration of cSAs consistently resulted
&'in decreased spleen and liver uptake (from 6.9% to 80% for spleen, 10% to
%60% for liver) and increased tumor-to-background or tumor—to-healthy organ
Jciratios. After cSA treatment, tumor uptake alone was unchanged or moderately
%decreased. Similar results were noted whether patient was octreotide-naive.
§Conclusi0n: Impairment in SSTR imaging quality after cSA administration
has not been demonstrated. On the contrary, the administration of cSAs
seems to improve the contrast between tumoral lesions and the surroundings.
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A Systematic Review
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Marine Perrier, MD, || Alessio Imperiale, MD, PhD,** Salvatore Annunziata, MD, PhD,*
and Vittoria Rufini, MD, PhD71711f§S$

S omatostatin receptor (SSTR) imaging currently plays a central
role in the management of several types of tumors, first and
foremost neuroendocrine tumors (NETS).! In1t1ally confined to
single-photon emitting radiopharmaceuticals with '!'In-pentetreotide,
SSTR imaging p0531b111t1es have been extended to p051tron emlt-
ters with the arrival of ®®gallium-labeled peptides, notably *®*Ga-
DOTATATE and ®*Ga-DOTATOC.

The benefit of treatment w1th cold somatostatin analogs
(cSAs) is widely demonstrated in NETSs, both for secretory syndrome
and tumor control. Initially limited to short-acting release (SAR)
formulations, long-acting release (LAR) cSA formulations have
made their appearance.” The interactions between cSAs, whether
SAR or LAR, and their radiolabeled counterpart remain unclear.®
To date, in the hypothesis of a competitive action on SSTRs be-
tween the two, a discontinuation of cSAs before SSTR imaging
has been advised, most often based on a precautionary principle.
The European Association of Nuclear Medicine procedure guide-
lines recommend a time interval of 3 to 4 weeks after administration
of LAR c¢SAs before performing PET/CT, meanwhile acknowledg—
ing that the effects of cSAs therapy have not been well characterized.*

The aim of this systematic review was to gather information
from the literature to evaluate the true consequences of cSA admin-
istration on tumor uptake as well as on healthy organs' uptake, based
on within-patient data.

METHODS

Research Strategy

This systematic review was performed according to the stan-
dards of the PRISMA-P statement and was registered on the Pros-
pero Web site (registration code: CRD42022360260). An electronic
search of PubMed and Scopus databases was independently per-
formed by 2 authors (D.M. and N.L.) to identify articles evaluating
the impact of cSA administration on SSTR imaging. The search
strategy was built using the following search string (Equation 1)
and was last updated on September 6, 2022:

(Scintigraphy OR PET) AND (somatostatin OR SSTR OR SST)
AND (cold OR octreotide OR lanreotide) )

Screening and Inclusion and Exclusion Criteria

First, duplicate findings between PubMed and Scopus were
automatically removed through the functions available in the refer-
ence manager used (JabRef, JabRef Bibliography Management).
The remaining articles were screened for eligibility, based on title
and abstract.

Inclusion criteria were as follows: (i) human patients referred
for SSTR imaging for oncological purposes; (ii) at least 1 examination

www.nuclearmed.com | 467


mailto:david.morland@reims.unicancer.fr
mailto:david.morland@reims.unicancer.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nuclearmed.com

Morland et al

Clinical Nuclear Medicine o Volume 48, Number 6, June 2023

performed either before cSA administration or after a long-enough
withdrawal of cSA treatment (>24 hours for subcutaneous formula-
tions; imaging performed the week before the next administration,
for long-acting formulations); (iii) at least 1 examination performed
under cSA treatment; (iv) available quantitative or semiquantita-
otive data on the uptake of healthy organs or tumoral lesions; (V)
Sintrapatient comparison (percentage of decrease/increase in the
Smeasures on the same patients); and (vi) written in the first lan-
Sguage of at least 2 of the authors of this review (English, French,
Sor Italian). Exclusion criteria were as follows: (i) diseases other than
Zcancer; and (ii) reviews, expert opinions, comments, letters to the
3 Uedltor case reports, studies on animals, and conference reports.
Qs Full texts of the potentially ehglble studies were retrieved for
sfurther evaluation. A cross-reference check was also performed to
Zidentify any additional studies to be included.
&=
SQuality Assessment
Two authors (D.M. and N.L.) independently assessed the
methodological quality of the included articles using the standard-
glzed protocol provided by the Quality Assessment of Diagnostic
gAccuracy Studies (QUADAS-2). Any disagreement was solved by
wconsensus. The QUADAS-2 scores of its 4 key domains (patient se-
Zlection, index test, reference standard, flow and timing), evaluated
gwith regard to the risk of bias and methodological applicability,
Ewere recorded and tabulated for all included studies, and a summary
Zreport was constructed. Studies with a low risk of bias for all items
for not more than 1 item evaluated with uncertain risk were deemed
2of sufficient quality for final inclusion.
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An Excel review database was generated. The following pa-
rameters were extracted from each article: year of publication, first
author, number of patients in the subgroup of interest, cancer type,
vadministered radiotracer (name, activity, peptide mass), first imag-
© Zing session data (patient's preparation regarding cSAs, acquisition
=protocol), delay between first and second imaging sessions, cSAs
Sdata (name, administration protocol, last administration before ra-
Ediotracer administration during the second imaging session), ratio
between cold and hot somatostatin analog; second imaging session
acquisition protocol; quantitative/semiquantitative measures (% of
decrease, evolution of absolute SUV .., values) for healthy organs
(spleen, liver, kidneys, adrenals, pituitary, thyroid, bone marrow,
pancreas), and tumoral lesions. This database was independently
filled in by 2 authors (D.M. and N.L.), and discrepancies were
solved by consensus.

202/ZT/S0 uo

INXT

RESULTS

This systematic literature search initially yielded a total of
3706 articles (PubMed: 1774 articles; Scopus: 1932 articles). Once
the 1165 duplicates were excluded, 2541 articles were screened
based on their title and abstract. Of these, 20 full texts were sought
for retrieval. Eight articles were further excluded: 1 did not have an
available manuscript, 1 was a duplicate, and 6 did not have any
within-patient comparison. Finally, 12 articles were included in
the study™'° (Fig. 1). All studies were deemed of sufficient meth-
odological quality based on QUADAS-2 assessment (Table 1). All
articles rely on the same design, with a baseline imaging (without
administration of cSAs or after a sufficiently long period of with-
drawal of a long-term treatment, later referred as “imaging session
1”) and a second imaging session under cSA treatment (later
referred as “imaging session 2”). One article included patients with
small cell lung cancer (SCLC); the other 11 articles included
patients with NETs. Studies' design and results are presented in
Table 2 and Table 3.
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Octreotide-Naive Patients Before Baseline Imaging
(Imaging Session 1)

Start of Short-Acting Octreotide Treatment Immediately
Before Imaging Session 2

Two prospectlve studies fall into this category: one pub-
hshed by Velikyan et al’ in 2010 and a second proposed by Lodge
et al® in 2021.

In the study by Vehkyan et al,” a subgroup of 6 patients
underwent sequential **Ga-DOTATOC PET/CT examinations pre-
ceded by the administration of 0 (baseline, image 1), 50 (image 2),
and 250 or 500 pg of octreotide (high dosage, image 3) 10 minutes
before tracer administration. A 3-hour interval between the exami-
nations was observed, and each PET/CT was performed 50 minutes
after radiopharmaceutical administration. Injected **Ga-DOTATOC
activities ranged from 15 (image 1) to 80 MBq (images 2 and 3).
In 4 of 5 patients, for which liver values were available, the lesion-
to-liver ratio increased from baseline to the 50-ug pretreated scan
(average increase ranging from 13% to 108%). From baseline to
the last study, the lesion-to-liver ratio also increased with an average
of 88% (range, 1%—223%). Liver and spleen uptake decreased after
50-pg and high-dosage octreotide pretreatment (at least —20% and
—40%, respectively, based on the reported figure at high dosage).
Kidney uptake only decreased after high cold octreotide pretreatment.

Lodge et al® published a prospective study including 7 pa-
tients who underwent 2 ®*Ga-DOTATOC PET/CT scans: the first
without cold octreotide and the other with the administration of
50 pg of short-acting octreotide 10 to 15 minutes before radiotracer
administration. The 2 examinations were performed less than
21 days from each other (1-20 days). Spleen uptake and liver up-
take were significantly decreased on the second PET/CT (—48%
and —27%, respectively) with images performed 60 minutes after
radiotracer administration. No significant difference was noted for
other healthy organs or tumor's uptake.

Start of Short-Acting Octreotide Treatment Less Than
2 Weeks Before Imaging Session 2

In 1997, Soresi et al® published a prospective study including
12 patients w1th SCLC. Two scans were performed, both 5 hours af-
ter the administration of 110 to 130 MBq of '''In-pentetreotide: a
first one without any treatment and a second one after a 7-day treat-
ment of short-acting octreotide (600 pg/d). Tumor-to-lung and
tumor-to-liver ratios increased at imaging session 2 (1.98 vs 1.83
and 0.78 vs 0.67, respectively).

Long-term Octreotide Treatment Started Before
Imaging Session 2

Six studies allow intrapatient comparisons before and after
initiation of long-term (between 2 and 13 months) octreotide treatment.

The 2 oldest studies”® used ''In-pentetreotide scintigraphy.
Janson et al’ compared spleen-to-background and tumor-to-
background ratios of 8 patients after 10 to 13 months of lanreotide
treatment. The spleen-to-background ratio was reduced by 55%,
and the tumor-to-background ratio was increased by 50% (range,
—79% to 1087%). A similar study was conducted by Rolleman
et al®: 2 scans were performed 50 to 397 days from each other: a sig-
nificant decrease in spleen uptake was noted (—69%). A nonsignifi-
cant decrease in liver, kidney, and tumoral uptake was also observed.

The remaining 4 studies used ®*Ga-DOTATATE PET/CT
and LAR cSAs. Intrapatlent analysis was possible for a subgroup
in the study by Haug et al'® (9 patients), a subgroup in the study
by Gélne et al'* (19 patients), and the entire population of the
other 2 studies (30 patients and 34 patients, respectively).'!
Tumor uptake was not significantly altered by the pretreatment

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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Somatostatin Analog and SSTR Imaging
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c
) Records identified in online
S databases (n=3706)
£ - Pubmed: 1774
5 - Scopus: 1932
3
— Automatic duplicates exclusion
)
(n=1165)
Records screened based on
title and abstract
(n=2541) Non eligible (n=2521)
- Undetected duplicates: 71
- Non relevant: 68
- Missing abstract: 11
- Reviews, case reports, letters: 1151
g’ - Not written in EN, FR or IT: 44
€ "1 - Non human studies: 261
3 - Non cancer studies: 81
= - No (semi)quantitative SSTR
imaging: 165
- No intrapatient intervention with
CSAs: 669
Reports’ full text sought for
retrieval (n=20)
Reports excluded (n=8)
- Manuscript not available:1
»( - Population duplicate:1
- No intrapatient intervention with
gy CSAs: 6
Studies included for cross-
reference check (n=12)
k-]
B
3 < Cross-reference check (n=0)
g
Included Studies (n=12)
—

FIGURE 1. Systematic review flowchart. EN, English; FR, French; IT, Italian.

with cSAs, differently from tumor—to—healthy organ ratios, which
were found increased.'® The liver uptake was systematically
decreased under cSAs.

Patients Under Long-term Octreotide Treatment
Before Baseline Imaging

Aalbersberg et al'? prospectively studied the effect of cSAs
on “®Ga-DOTATATE uptake, 1 day before and 1 day after injection
of lanreotide in 34 patients whose treatment had been initiated at
least 4 months earlier. The tumor-to-liver ratio increased moderately
but significantly on day +1 of the analogs (2.59 vs 2.21); liver,
spleen, and thyroid uptake decreased significantly.

Jahn et al'’ studied the effect of 400-ug octreotide adminis-
tration at 15 minutes before **Ga-DOTATOC in 4 patients already
treated with LAR cSAs. Three whole-body acquisitions were per-
formed (1, 4, and 7 hours) and compared with a baseline acquisition
performed 1 to 3.5 months before. Tumor SUV values decreased
significantly from baseline to 1 hour after injection, but subse-
quently increased over time and became similar to baseline at 4
and 7 hours. The uptake in liver, spleen, and pancreas remained sig-
nificantly below baseline levels.

Other Studies

The oldest study’ included in our review prospectively gath-
ered 5 patients (2 octreotide-naive patients and 3 patients who

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

withdrew short-acting octreotide 24 hours before imaging). Two
sessions of 3 scans (planar acquisitions 0.5, 4, and 24 hours after
105237 MBq of ''In-pentetreotide) were performed without and
with octreotide (600 pg/d) within 28 days from each other. Healthy
organs concentrated less tracer under treatment (at 4 hours: —60%
for the spleen, —28% for the liver, and —17% for the kidneys),
whereas the tumor-to-liver ratio increased (>20%).

Peptide Mass, Cold-to-Radiolabeled Ratio

The administered radiolabeled peptide mass was not avail-
able in all studies. In the absence of further pharmacokinetic studies
with LAR cSAs, the cold-to-radiolabeled ratio was only calculable
with SAR cSAs and encompassed at least the range from 33:1
(50 pg of cold peptide for 1.5 pg of radiolabeled peptide’) to
100:1 (500 pg of cold peptide for 4.95 ug of radiolabeled peptide”).

DISCUSSION

Effect of cSAs on Healthy Organs' Uptake

Administration of cSAs consistently resulted in decreased
spleen and liver uptake. A total of 10 studies explicitly reported
splenic uptake: 9 described a significant decrease and 1 a nonsignif-
icant decrease. The magnitude of the decrease varied between 6.9%
and 80%. A similar phenomenon was observed for the liver: 10
studies reported hepatic uptake, 9 of which with a significant
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£ - decrease (between 10 and 60%) and 1 with a nonsignificant de-
.E E 5 5 crease. Data were scarcer for the kidneys' uptake, taking into consid-
IR S zxrz229 22 = eration the proximity of the urinary tract, which may act as a con-
213388553338 55853 8 founding factor. A significant decrease in thyroid uptake was noted
E & in 2 studies and in the pancreas in 1 study A moderate increase 1n
= uptake was noted for the pituitary gland in Cherk and colleagues'*
study. However, the difficulty of measuring this structure may have
- influenced the result (small size, attenuation correction artifacts).
g
g Effect of cSAs on Tumor Uptake
= g T2z erzr22R2R2 2 The time elapse between the 2 imaging studies should be
IR © 5 6 &6 &% & &5 oo ) . . . .
=) = S e [ i i R i s [ i R taken into consideration. Indeed, cSAs have a long-term antitumor
'g % effect that could decrease tumor fixation due to a volumetric reduc-
%5 tion and a partial volume effect.
g2 In 5 studies, the 2 i 1mag1n$ 2procedures were performed within
5 | month from each other.> Four of these 5 studies found an
< increase in the tumor—to—healthy organ ratio.>®%'? The last one,
g measuring tumor uptake without normalization, reported stability.
E; EEEZEEIEEEEEE 2 These studies seem to indica.te that cSAs. have litt}e or no effect
o/ S S G [ B B e e (s s s B on tumor uptake and that the increased ratios are driven by the de-
é’ crease in the uptake of the surrounding organs.
This hypothesis seems to be confirmed by considering the 7
other studies, for which the delay between the 2 images was greater.
2 Five of the 7 studles measured tumor uptake, w1thout any ratio, and
g found no change®'*'">"* or a moderate decrease'® under cSAs. The
5 remaining 2 studies, using ratios, confirm an increased uptake.”"!
p|EEEZ222EEE22 2
- =l ialaialala R lalo Rl B Timing and Impact of Cold-to-Radiolabeled Ratio
g’a E The previously described effects seem to occur whether or
5| & not long-term treatment with cSAs has already been initiated. No
S < negative impact on the tumor/healthy organ contrast was observed
= even when the injection of cSAs took place immediately before
2 the radiotracer (up to 10 minutes before injection).
2 Bakker et al'® reported complete saturatlon of SSTR in
S| EEEEZEEEZEEE 2 octreotide-pretreated rats with a cSA—to—''"In-pentetreotide ratio
1 Eniniaialalalalalalalalle of 1000:1. In this experiment, the administration of cSAs prevented
& visualization of tumor lesions. We hypothesize that this ratio of
1000:1 is likely to be higher than that used in clinical routine and
- could explain the discrepancies with our results. However, the in-
g cluded studies only occasionally report the ratio between radiolabeled
% analogs and cSAs.
]
wv
% g E E E E E E E E E E § § E Clinical Considerations
& g % The benefit of treatment with cSAs is well documented in
SRR ) NETs.? Long administration of cSAs inhibits tumor growth and pro-
T = g longs };)rogresswn -free survival in patients with well differentiated
3 3 NETs'” and helps to control the secretory syndrome.” Treatment with
& cSA is thus frequently encountered in patients referred for SSTR
5 gL imaging for a NET.
€ 2188 Our results support the fact that there is no imperative to dis-
"E’ M % % E E E E E E E E E E continue cSAs before SSTR imaging. On the contrary, treatment
2 z with cSAs before imaging, besides the known effects on symptoms
g and tumor growth, could improve the contrast and the performances
< of the examination, a phenomenon that is reminiscent of what has
a = already been shown between "F-FDOPA and cold carbiDOPA.'®
< Fmo g The increase in tumor-to-liver ratio results in better visualization
9( o =m8=22 - 83 N of liver metastases. In clinical practice, this finding should be consid-
2 | = 22d8=8=22 é ered when SSTR imaging is performed for response monitoring.'®
o 5 % z < G a8 f’n 88 Q In perspective, the data collected could impact recommenda-
- = == g g ‘2 = 828 L = tions of procedure guidelines. More broadly, these results can also
o 5| 5 2 £ E E‘ ‘ab‘)n 5% 2089 ° be applied to the field of theranostics: decreasing the uptake of
g €l 58 z % = 2825552 —%" healthy organs while preserving the tumor uptake could be very im-
[ AR ELST L0023 portant for limiting the toxicity of '""Lu-labeled analogs.
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Somatostatin Analog and SSTR Imaging

LIMITATIONS

The main limitation of this review is the number of analyz-
able patients in each study (from 4 to 34). However, SSTR imaging
is now used primarily for NETSs, which are inherently rare. The dos-
ages and mode of administration of cSAs are heterogeneous in

Sterms of quantity and rate of administration, as are the acquisition
§pr0tocols for planar scintigraphy and PET/CT.

sfeuinoly/:dny woly pape

Considering the amount of data analyzed, a risk of collection
bias is possible but limited by double reading at all stages of the
inclusion process.

CONCLUSIONS

The use of cSAs does not seem to alter the visualization of tu-

=mor lesions at SSTR imaging, being able to rather improve contrast

E
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by decreasing healthy organs' uptake, particularly in the liver.
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