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Purpose: A meta-analysis was conducted to investigate the value of the volume
parameters based on somatostatin receptor (SSTR)-positron emission tomography (PET)
in predicting the prognosis in patients with neuroendocrine tumors (NETS).

Material: PUBMED, EMBASE, Cochrane library, and Web of Knowledge were searched
from January 1990 to May 2021 for studies evaluating prognostic value of volume-based
parameters of SSTR PET/CT in NETs. The terms used were “volume,” “positron
emission tomography,” “neuroendocrine tumors,” and “somatostatin receptor.” Pooled
hazard ratio (HR) values were calculated to assess the correlations between volumetric
parameters, including total tumor volume (TTV) and total-lesion SSTR expression
(TL-SSTR), with progression-free survival (PFS) and overall survival (OS). Heterogeneity
and subgroup analysis were performed. Funnel plots, Begg’s and Egger’s test were used
to assess possible underlying publication bias.

Results: Eight eligible studies involving 593 patients were included in the meta-analysis.
In TTV, the pooled HRs of its prognostic value of PFS and OS were 2.24 (95% CI:
1.73-2.89; P < 0.00001) and 3.54 (95% ClI, 1.77-7.09; P = 0.0004), respectively. In
TL-SSTR, the pooled HR of the predictive value was 1.61 (95% Cl, 0.48-5.44, P = 0.44)
for PFS.

Conclusion: High TTV was associated with a worse prognosis for PFS and OS in with
patients NETs. The TTV of SSTR PET is a potential objective prognosis predictor.

Keywords: positron emission tomography/CT, neuroendocrine tumors, somatostatin receptors, prognosis, tumor
volume

Advanced in Knowledge
The volume parameters based on SSTR PET can provide additional value for the prognosis of
neuroendocrine tumors.

INTRODUCTION

Neuroendocrine tumors (NETs) are a group of highly heterogeneous neoplasm originating from
neuroendocrine cells and it can occur in different organs. The emergence of diagnostic technologies
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increases early-stage NETs and the detection rate of metastases,
raising its incidence and prevalence (1). However, in patients
with the same tumor stage and grade, the outcome of disease and
survival of NET patients vary greatly (2, 3). Therefore, identifying
the prognostic markers is crucial for the management of patients
with NETs. Some studies showed that morphological imaging is
of limited value in predicting the survival, disease progression,
and treatment effects of NETs (4, 5). Several widely-studied
diagnostic biomarkers, especially chromogranin A (CgA), has
been widely studied. Its plasma level is affected by many factors
including the use of proton pump inhibitors (6, 7), but its
prognostic utility is still controversial (8, 9).

Somatostatin receptors (SSTRs) are expressed in most
NET cells, particularly type 2, and is an ideal target for
imaging and therapy method (10). SSTR-mediated imaging is
considered to be more accurate than SSTR immunostaining in
determining individual prognosis (11). SSTR PET imaging is
considered a better imaging method than SSTR scintigraphy
using !!'In-octreotide due to its higher spatial resolution,
higher image quality, and higher lesion detection rate (12).
%8Ga-DOTA-peptides can be used to reflect the expression of
SSTR, especially in well-differentiated NETs (WD-NETs). High
maximum standardized uptake value (SUV ax) is associated with
a lower grade, better progression-free survival (PFS), and higher
responsiveness to peptide receptor radionuclide therapy (PRRT)
(13, 14). A meta-analysis by Lee and Kim (15) showed that the
SUVnax of ®Ga-SSA is an important prognostic parameter for
NETs patients. Low SUV gy is associated with the high risk of
disease progression and mortality.

However, SUV . reflects the value of a single voxel but
does not represent the entire tumor. The volume parameters
derived from PET in predicting the prognoses and monitoring
the treatment can directly estimate systemic tumor burden, such
as metabolic tumor volume (MTV) and total disease glycolysis
(TLG), based on 2—deoxy—2—(18P) fluoro-D-glucose (8 F-FDG)
(16-19). However, well-differentiated NETs (WD-NETs) do not
usually show high 8F-FDG uptake (20). SSTR-based PET/CT
may be suitable for predicting the prognosis of WD-NETs
patients. However, there are conflicting results regarding the
prognostic value of volumetric parameters based on SSTR-PET
in NETs (21, 22).

Therefore, we performed this meta-analysis to analyze the
predictive value of volumetric parameters based on SSTR-PET for
survival outcome in patients with NETs.

MATERIALS AND METHODS

The preferred reporting items for systematic reviews and meta-
analyses (PRISMA statement) guidelines were used to perform
this meta-analysis (23).

Data Search and Study Selection

We performed a systematic search of PUBMED (to May 2021),
EMBASE (to May 2021), Web of Science (to May 2021), and
Cochrane (to May 2021) for English publications. The terms
were as follows: (“neuroendocrine tumors” or “neuroendocrine
tumor” or “tumor neuroendocrine” or “tumors neuroendocrine”

or “neuroendocrine”) and (“PET”) or (“positron emission
tomography”) and (“somatostatin receptor” or “SSTR”) and
(“volume” or “volume-based parameters” or “tumor burden” or
“tumor volume” or “volumetrical parameter”) and (“prognos*”
or “predict*” or “Survival” or “outcome” or “PFS” or “OS” or
“progress free survival” or “overall survival”). All searches were
limited to human studies.

The inclusion criteria were studies using SSTR-based PET as
an imaging tool, including volumetric parameters [total tumor
volume (TTV) or total-lesion SSTR expression (TL-SSTR)] for
whole body lesions and reported survival data. Reviews, abstracts,
case reports, and editorial materials were excluded. Two authors
independently searched and screened the eligible articles. A
consensus resolved any discrepancies.

Data Extraction and Quality Assessment
Data were extracted from the enrolled studies independently by
two reviewers and the following information was recorded: first
author, publication year, country, patient number, tumor grade,
tumor site, radiotracer used, treatment after PET/CT scans,
reported survival, PET volumetric parameters, and cut-off values
of volumetric parameters.

Two reviewers independently used the quality in prognostic
studies (QUIPS) tool to evaluate the quality of the included
studies (24). The tool assesses the risk of bias in six domains
including study participation, study attrition, measurement of
prognostic factors, measurement of outcome, study confounding,
and statistical analysis and reporting. Consensus was reached
through discussion.

Statistical Analysis

The primary outcome was PFS, including disease-free survival,
recurrence-free survival, and event-free survival as the main
outcome, and also the time interval from the date of starting
therapy to the date of recurrence or metastasis. The secondary
endpoint was overall survival (OS), defined as the time interval
from the start of therapy to death from any cause. The
effect of TTV or TL-SSTR on PFS and OS was measured
by the effect size of the hazard ratio (HR). PFS or OS data
were extracted using methods suggested in previous research
(25). Univariate HR and 95% confidence intervals (CI) were
extracted for each study, if provided by the author. If not,
we used the Engauge Digitizer (http://markummitchell.github.
io/engauge-digitizer/) to determine the survival rate according
to the Kaplan-Meier curve to reconstruct HR estimate and its
variance, assuming that patients were censored at a constant
rate during the follow-up. Heterogeneity between studies was
assessed by x? test and I? statistics described by Higgins et al.
(26). When > < 50% and Cochran Q was P > 0.1, a fixed
effects model was used; when 2 > 50% or Cochran Q is P
< 0.1, the random effect model was used. Subgroup analyses
were performed according to the tumor grade and type of
radiotracer. Further, funnel plots Beggs and Egger’s test were
performed to assess for any publication bias (27). Meanwhile,
we performed the sensitivity analysis for prognosis by omitting
each study to assess the influence of an individual study on
the whole meta-analysis. P-values < 0.05 were considered
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FIGURE 1 | Flow chart.

statistically significant. Data from each study were analyzed using
Review Manager (RevMan, Version 5.3; The Nordic Cochrane
Centre, Copenhagen, Denmark) and Stata Version 15.0 (College
Station, TX).

RESULTS
Study Characteristics

A flow chart of the data search and selection is presented in
Figure 1. A total of eight studies involving 593 patients were
included in our meta-analysis. Five studies (21, 22, 28-30) were
retrospective and three studies (31-33) were a prospective design.
According to the WHO grade, three researches (22, 29, 30)
included well-differentiated NETs (grade 1 and/or 2). Three

studies had heterogeneous populations containing all grades
(21, 31, 33) and the remaining two studies did not clearly state
the grade of the enrolled patients (28, 32). All the eight studies
included pancreas origin NETs and seven studies enrolled gastric
intestinal (GI) tract origin NETSs, including the stomach or/and
midgut or/and rectum (21, 22, 28, 29, 31-33). Seven studies had
other site origin NETs such as the lung, extrahepatic biliary tract,
adrenal, and cancer of unknown primary origin (21, 22, 28, 29,
31-33).

The characteristics of the included study are shown in
Table 1. From them, four studies used ®*Ga-DOTATATE (22,
29, 31, 32), three studies used °®Ga-DOTATOC (21, 28, 30),
and one study (33) used **Cu-DOTATATE for PET imaging.
The parameters included TTV in eight studies and TL-SSTR
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TABLE 1 | Characteristics of the included study.

No. Study Year Country Study Patient Tumor Tumor site Radio- Treatment After End Point Studied PET Tumor Cut off
design No. Grade tracer 68Ga-SSTR PET Parameters delineation value
1 Tirosh 2018 USA prospective 184 [HIl Pancreas Gl %8Ga- medical, PRRT, PFS and Total TV Adaptive 7.0ml 35.8
etal. tract DOTATATE  LDT, Surgery Disease- threshold by ml
CUP specific visual
Lung mortality inspection
2 Torihara 2019 USA retrospective 92 |-l Pancreas Gl %8Ga- Surgery, PFS Total TVand 50% of 11.29 ml
etal. tract CUP DOTATATE somatostatin TL-SSTR SUVax
analog, LDT,
Radiation, PRRT
3 Ohlendorf 2019 Germany  retrospective 33 -l Pancreas GI %8Ga- PRRT PFS Total TVand  40% of 140.8ml
etal tract CUP DOTATATE TL-SSTR SUVmax 4,852 ml
4 Ohnona 2019 France retrospective 50 -l Pancreas 68Ga- surgery, PFS Total TV 41% of 13.8 ml
et al. DOTATOC  somatostatin SUVpax
analog,
chemotherapy,
targeted therapy,
PRRT, local
therapy of a single
metastatic site.
5 Kim 2020 Republic of retrospective 64 -l Pancreas Gl %8Ga- somatostatin PFS Total TV.and 1.5%liver 58.9ml
et al. Korea tract CUP DOTATOC  analog TL-SSTR SUVmean + 7785
2*standard
deviation
6 Pauwels 2020 Belgium retrospective 57 (-) Gltract 68Ga- PRRT PFS and OS Total TV and Adaptive 578 ml
etal. Pancreas DOTATOC TL-SSTR threshold by
CUP Other visual
inspection
7 Carlsen 2021 Denmark prospective 116 -l Gl tract 64Cu- Surgery LDT, PFS and OS Total TV 1.5%liver 54.9 ml
et al. Pancreas DOTATATE  external radiation. SUVmean +
Extrahepatic Interferon, 2*standard
biliary tract somatostatin deviation
Lung CUP analog,
chemotherapy
and/or PRRT.
8 Ortega 2021 Canada prospective 96 (A GlPancreas %Ga- PRRT PFS Total TV SUViax of  (+)
etal. CUP Lung  DOTATATE liver/spleen
Adrenal

CUP indicates cancer of unknown primary; PRRT, peptide receptor- radionuclide therapy;

LDT, liver-directed treatment; OS, overall survival; PFS, progress free survival; TTV, total tumor

volume; TL-SSTR, total-lesion somatostatin receptors expression; SUVmax, maximum standardized uptake value.

in two studies (21, 29). Seven studies (21, 22, 29-33) analyzed
the prognostic value of TTV regarding PFS, and three studies
further evaluated the relationship between TTV and OS (or
disease-specific mortality) (28, 31, 33). Four studies reported
the relationship between PFS and TL-SSTR (21, 22, 28, 29).
Six threshold methods were applied for the measurement of
TTV and TL-SSTR of whole-body lesions (Table1). Cutoff
value of TTV ranged from 7 to 578ml, and the cutoff
value of TL-SSTR in PET in two studies were 778.5 and
4,852 ml, respectively.

Quality Assessment

According to the QUIPS tool quality assessment results, four
studies (22, 30, 31, 33) had a moderate risk selection bias
because they did not report whether the study population was
consecutively selected, and two studies (21, 30) had high selection
bias due to the relatively small number of cases enrolled in

the group. All included studies showed a low risk of attrition
bias. Regarding the measurement of prognostic factors, four
studies (21, 29-31) showed a higher risk of bias due to the
dependence on the cutoff value of the data, while two studies
showed a moderate risk of bias because it was not mentioned
whether blinded-manner was used in the measurement. For
outcome measurement, seven studies (21, 22, 28-32) showed
a moderate risk of bias because it was not clear whether
the outcome measurement was performed without prognostic
factors or the method used for the outcome measurement
was unclear.

Regarding confounding bias, two studies (29, 31) showed
high risk due to the lack of multivariate analysis. One study
(28) showed moderate risk because grade was not considered.
In terms of statistical analysis, two studies (22, 32) showed
a higher risk of bias because the study included all variables
that might be affected by multicollinearity into the multiple
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regression. In general, the results of the QUIPS tool indicated
that the overall quality of the included studies was moderate
(Supplementary Table 1).

Prognostic Value of TTV and TL-SSTR on
PFS and OS

The effect of TTV on PFS was analyzed using seven studies.
However, in one study (32), the study was omitted because

TABLE 2 | Summary of the meta-analysis results.

Parameter Study no. End point HR 95%ClI P Model
TV 6 PFS 2.24 1.73-2.89 <0.00001* Fixed
TV 3 0os 3.54 1.77-7.09  0.0004* Random
TL-SSTR 3 PFS 1.61 0.48,5.44 0.44 Random

TTV, total tumor volume; TL-SSTR, total-lesion somatostatin receptors expression; HR,
hazard ratio; Cl: confidence intervals.
*Statistically significant (P < 0.05).

HR could not be combined using continuous variables,
while the other six studies were combined because all HR
used binary variables. The combined HRs of 2.24 (95%
CL: 1.73-2.89) was given a I* of 0% using a fixed-model,
showing a correlation between TTV and PFS (P < 0.00001)
(Table 2; Figure2). Also, we conducted sensitivity analysis
(Supplementary Figure 1) to further estimate the impact on the
combined HRs.

The effect of TTV on OS was analyzed using three studies.
The combined HR was 3.54 with statistical significance (95% CI,
1.77-7.09; P = 0.0004). Heterogeneity was moderate (x> = 4.12,
P =0.13; I = 52%). The combined HRs were found to be stable,
suggesting no individual study significantly affected the results
(Supplementary Figure 1).

The effect of TL-SSTR on PFS was analyzed using three
studies (21, 22, 29). A random-effects model was used and the
pooled HR was 1.61 (95% CI, 0.48-5.44, P = 0.05; I> = 66%,
Figure 2; Table 2) with significant heterogeneity. The results
showed no statistically significant correlations with PFS and
TL-SSTR (P = 0.44).

B

Test for overall effect: Z=6.17 (P < 0.00001)

A Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Carlsen 2021 0.742 01799 52.7% 2.10[1.48,2.99) ——
Kim 2020 1.001 0462 8.0% 2.72[1.10,6.73] g
Ohlendorf 2019 1641 0743  31% 5.16([1.20,22.14] >
Ohnona 2019 0.846 0762 2.9% 2.33[0.52,10.39) >
Tirosh 2018 0875 0359 13.2% 2.40([1.19, 4.85) g
Toriihara 2019 0713 0292 20.0% 2.04[1.15, 3.62) >
Total (95% CI) 100.0% 2.24[1.73, 2.89] -
Heterogeneity: Chi*=1.71, df= 5 (P = 0.89); F= 0% ufs 1 1f5 2

Favours [experimental] Favours [control]

Test for overall effect: Z=0.77 (P = 0.44)

Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE _Weight IV, Random, 95% CI IV, Random, 95% CI
Carlsen 2021 1.233 0284 46.6% 3.43[1.97,5.99] ——
Pauwels 2020 0.779 0379 37.7% 2.181[1.04, 4.58) —
Tirosh 2018 2526 0.781 15.7% 12.50(2.71,57.79) —_——
Total (95% Cl) 100.0%  3.54[1.77,7.09] -
Heterogeneity: Tau®= 0.19; Chi*= 4.12, df=2 (P=0.13); F=52% 50_01 0f1 3 150 1001
Testfor overall effect Z=3.57 (P = 0.0004) Favours [experimental] Favours [control]
c
Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE _Weight IV, Random, 95% CI IV, Random, 95% CI
Kim 2020 0.608 0458 39.9% 1.84 (0.75, 4.51] N
Ohlendorf 2019 1641 0743 294%  5.16[1.20,22.14) . —
Toriihara 2019 -0.805 0.708 30.6% 0.45[0.11,1.79] —
Total (95% Cl) 100.0%  1.61[0.48,5.44] ’
Heterogeneity: Tau?= 0.75; Chi*= 5.81, df= 2 (P = 0.05); IF= 66% 50_01 0?1 3 1=0 1001

Favours [experimental] Favours [control)

FIGURE 2 | Forest plot results of the PFS (A) and OS (B) based on the total tumor volume and PFS based on the total tumor expressing SSTR (C).
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TABLE 3 | Results of subgroup analysis in PFS based on TTV.

End point Factor Study no. Heterogeneity test (12, P) HR 95%Cl of HR P-value Model

PFS Well-differentiated NETs (G1, 2) 3 0%, 0.51 2.31 1.40-3.82 0.001* Fixed
All grades of NETs (G1-3) 3 0%, 0.85 2.21 1.64-2.98 <0.00001* Fixed

PFS 68Ga-DOTATATE 3 0%, 0.51 2.34 1.563-3.58 <0.0001* Fixed
68Ga-DOTATOC 2 0%, 0.86 2.61 1.20-5.66 0.02* Fixed
64Cu-DOTATATE 1 NA NA NA NA NA

NA, Not applicable.
PFS, progression-free survival; TTV, total tumor volume.
*Statistically significant (P < 0.05).

Begg's funnel plot Begg's funnel plot with ps

Begg' stest=0.133 Egger’ s test=0.082

4
s.e. of: INHR

total tumor volume; TL-SSTR, total-lesion somatostatin receptors expression.

nfidence limits

FIGURE 3 | The funnel plot of publication bias estimates the results of PFS (A) and OS (B) based on TTV, and PFS based on TL-SSTR (C) in the meta-analysis.
Egger’s test and Begg’s test were used for statistical analysis, where the P < 0.05 was considered as significant. PFS, Progress free survival; OS, overall survival; TTV,

Begg's funnel plof

2

begg’ stest=1.000, Egger’ s test=0.960

4
s.e. of: Inhr

Subgroup Analysis

Subgroup analysis was performed to the tumor grade and type
of radiotracer. Since the research on PFS based on TL-SSTR
and the research on OS by TTV are relatively small, we only
performed subgroup analysis on PFS based on TTV (Table 3).
Among studies of TTV on PFS, no obvious heterogeneity was
found between the studies on well-differentiated NETs (G1/2)
(HR: 2.31, 95%CI: 1.40-3.82; P = 0.001) and studies on all grades
of NETs (HR: 2.21, 95%Cl: 1.64-2.98; P < 0.00001) (I> = 0%, P
= 0.88). Also there is no statistical difference between different
imaging agents for predicting PFS (I> = 0%, P = 0.88).

Publication Bias

Beggs and Egger’s tests were used to assess publication bias.
The funnel plot and P-value estimation indicated no publication
bias for TTV on PES and OS, as well as for TL-SSTR on PFS
(Figure 3).

DISCUSSION

To our knowledge, this is the first systematic review and
meta-analysis to evaluate the prognostic value of volume-based
parameters of SSTR PET/CT in NETs. The volumetric parameter
based on SSTR PET is useful in predicting PFS. Subgroup
analysis reveals that tumor grade and radiotracers may not affect
the prognosis.

BE_FDG is the most common PET imaging agent, which
can non-invasively assess tumor glucose metabolism and

proliferation (34, 35). I8R.FDG PET can be used not only for
diagnosis and staging, but also for assessing the proliferative
activity and malignancy of tumors. Studies have shown that
BE_FDG may also reflect the prognosis of many tumors,
including NET (36-38). A meta-analysis based on 8F-FDG
PET/CT showed that MTV as a volumetric parameter of '3F-
FDG PET may be an independent prognostic factor for survival
(39). However, none of the studies we included had 8F-FDG
PET volume parameters for predictive evaluation of prognosis.
Although it is not clear whether volumetric parameters based
on SSTR PET have better prognostic value than volumetric
parameters based on FDG (MTV and TLG) in this study,
tumor volume and total tumor expressing SSTR based on SSTR-
PET as prognostic biomarkers of NETs have unique advantages
compared with MTV or TLG. On the one hand, SSTR2 was an
independent prognostic marker in NETs (11), and tumor volume
based on SSTR was also correlated with PFS and OS (40). On
the other hand, these SSTR-based volume parameters can better
reflect the SSTR situation in entire tumors. In the future, we
expect to directly compare the ability of '8F-FDG and SSTR PET
parameters to predict prognosis through prospective studies.

In this review, higher TTV based on SSTR-PET showed
shorter PFS and OS. Although the study of Ortega et al. (32)
did not include the meta-analysis, the study still suggests that
higher TTV is associated with a worse prognosis. Of six studies
(21, 22, 28, 30, 32, 33) in which multivariate analysis for PFS
was performed, four out of (22, 30, 32, 33) six were prognostic
markers for PFS. Two out of (30, 32) three studies showed
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that the TTV were prognostic markers for OS. However, TL-
SSTR was not significantly related to the prognosis in our study.
Only Ohlendorf et al. (29) showed TL-SSTR was associated with
PES. The author believed that the difference may come from
the different methods of tumor burden measurement and the
samples of enrolled patients.

Heterogeneity was detected in this meta-analysis. In pooled
data, significant heterogeneity was found for TTV based on
SSTR-PET in predicting PES. After excluding the study of Ortega
et al. (32), the results of the overall estimated values aggregated
by PFS reduced heterogeneity (I?, from 87 to 0%) with a HR of
2.24 (95% CI: 1.73-2.89). This may be due to the different tumor
volume threshold, which should be discussed in a prospective
study. Further analysis found that tumor grade revealed that the
TTV of SSTR-PET could predict PFS and OS of all grades of
NETs. Since the NET grade depends on the biopsy site, and the
heterogeneity of NETs is high, the volume parameter may be
more conducive to predicting the prognosis, but it still needs
further research to confirm. Additionally, we also performed
subgroup analysis of radiotracer types. Subgroup analysis found
that the use of single ®Ga-DOTANOC and ®®Ga-DOTATATE
showed prognostic value. As we all know, %Ga-DOTANOC,
which binds specifically to sst, sst3, and ssts (41), has ten-times
lower sst; affinity than the sst,-selective tracer 68Ga-DOTATATE
(42). A study has shown that ®Ga-DOTANOC performed
better in detecting liver metastasis and had a higher tumor-
to-background ratio in liver lesions due to the broader SSTR-
binding profile (43). However, another study showed that %®Ga-
DOTATATE detected more liver lesions, mainly due to a higher
lesion uptake (44). Therefore, whether different radiotracers have
a significant impact on the prognosis of tumor burden remains to
be further studied.

To the best of our knowledge, this is the first meta-analysis
to evaluate the prognostic value of volumetric parameters in
the SSTR-PET in NETs. However, due to limited literature, it is
difficult to directly compare the HRs between SUV .y and the
volume parameter. In our study, volumetric parameters based on
SSTR-PET were independent prognostic markers in three studies
(29-31) of eight. SUV was found to be an independent prognostic
marker in only one study (28) of eight.

This study has several limitations. Firstly, there were only
three studies involving OS, and few studies involving TL-
SSTR. Secondly, there were significant differences in study
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