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Abstract: To meet the increasing demand for PRRT in the treatment of patients with inoperable/disseminated well-
differentiated neuroendocrine tumors (NETs) and to guide optimization strategies, adequate and accessible pre-
dictive tools that allow to stratify patients who will benefit from treatment from those who will not are becoming
indispensable. Previously, we have investigated the role of baseline [8Ga]Ga-DOTATOC PET tumor uptake and volu-
metric parameters and a blood-derived inflammatory biomarker, the inflammation-based index (IBl), for outcome
prediction in NET patients treated with [*°Y]Y-DOTATOC. In this retrospective study in 83 NET patients treated with
[*7Lu]Lu-DOTATATE in a routine clinical setting, we aimed to evaluate the generalizability of our previous findings to
[¥"Lu]Lu-DOTATATE treatment combined with a pre-therapeutic [#8Ga]Ga-DOTATATE PET. A semi-automatic custom-
ized SUV threshold-based approach was used for tumor delineation. The previously identified SUV__  cut-off of 13.7
for better survival could not be applied to this patient cohort. Instead, a more optimal cut-off could be identified:
an SUV__ lower or equal than 11.2 was associated with worse overall survival (OS) (hazard ratio (HR) 2.28; P =
0.008). Also in line with our previous study, a [*8Ga]Ga-DOTATATE-avid tumor volume (TV) higher than 672 mL and an
elevated baseline IBI were correlated with worse OS (HR 3.13 (P = 0.0001) and HR 2.00 (P = 0.034), respectively).
Multivariate analysis confirmed independent associations between OS and baseline IBI (P = 0.032), SUV___ (P =
0.027) and [*8Ga]Ga-DOTATATE-avid TV (P = 0.001). Taking baseline IBI, [*®Ga]Ga-DOTATATE-avid TV and [**Ga]Ga-
DOTATATE uptake into account may help guide PRRT treatment decisions.
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Introduction

Peptide receptor radionuclide therapy (PRRT)
for neuroendocrine tumors (NETSs) is a targeted
treatment that involves the systemic adminis-
tration of radiolabeled somatostatin analogues
(SSAs), such as [Y"Lu]Lu-DOTATATE and [°°Y]
Y-DOTATOC [1]. Its position as a second-line
treatment option in the management of inoper-
able or disseminated well-differentiated NETs
has been further enforced by the excellent
clinical results of the NETTER-1 trial [2]. Con-
sequently, as PRRT is being more widely used,
it is also likely to be applied in more heteroge-

neous clinical settings [3]. Disease control is
typically achieved in around 80% (71%-92%) of
patients [1]. To meet the increasing demand
for PRRT, predictive tools that allow to identify
those patients in whom therapy will fail, are
thus becoming indispensable and represent an
unmet clinical need. The most promising bio-
marker that has been proposed so far, is the
PRRT predictive quotient (PPQ) which combines
NET-specific gene expression in blood with his-
tological grading [4]. The PPQ has been suc-
cessfully validated in two independent patient
cohorts and showed an overall accuracy of
94% for predicting PRRT responders and non-
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responders [3]. However, the need for gene
amplification could impose practical and eco-
nomic restrictions to the widespread imple-
mentation of this biomarker in routine clinical
practice. A more readily available parameter
that has been proposed as a blood biomarker
for PRRT response prediction is the inflamma-
tion-based index (IBl), derived from C-reactive
protein (CRP) and albumin. In a retrospective
study, baseline IBl and its changes throughout
PRRT treatment were associated with progres-
sion-free survival (PFS) and overall survival
(0S), but these findings need further validation
[5].

As sufficient uptake on somatostatin receptor
(SSTR) imaging is a prerequisite for PRRT [6],
research has also focused on the role of SSTR
uptake parameters for PRRT response predic-
tion. High standardized uptake values (SUV__
and/or SUV__ ) on baseline [**Ga]Ga-DOTA-
SSA positron emission tomography (PET) have
often been reported as predictive for PRRT
response and varying cut-off values for pa-
tient stratification have been proposed [7-11].
However, these cut-offs lack validation in inde-
pendent patient cohorts. Moreover, some stud-
ies observed no additional predictive value of
tumor uptake on baseline PET [12, 13]. Uptake
parameters alone are therefore insufficiently
reliable to serve as an adequate PRRT response
predictor.

Recently, we have performed post-hoc analy-
ses on data of 43 NET patients treated with
[*°Y]Y-DOTATOC in the setting of a prospective
phase |l trial, assessing the utility of pre-thera-
peutic [®Ga]Ga-DOTATOC PET tumor uptake
and volumetric parameters and IBI for predic-
tion of response to [°°Y]Y-DOTATOC treatment
[14]. We found that normal baseline IBI and
an SUV__ (of the whole tumor burden) higher
than 13.7 were independently associated with
better 0OS, whereas a [*®*Ga]Ga-DOTATOC-avid
tumor volume (TV) higher than 578 mL was
associated with worse survival, although the
latter was not corroborated by multivariate
analysis. More importantly, a composite score
based on this SUV___  cut-off of 13.7 and IBI
allowed to stratify patients in three categories
with significantly different survival. Further vali-
dation is therefore required and the generaliz-
ability to [*"Lu]Lu-DOTATATE treatment needs
to be confirmed, as [Y7Lu]Lu-DOTATATE is
currently the most commonly used PRRT
radiopharmaceutical.
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The primary objective of this retrospective
study was to explore whether the composite
score based on baseline SUV__ ~ and IBI,
as previously identified in a [®®Ga]Ga-/[°°Y]
Y-DOTATOC patient cohort, could be straight-
forwardly extrapolated to patients treated with
[*"7Lu]Lu-DOTATATE who had a pre-therapeutic
[®8Ga]Ga-DOTATATE PET. Since [*8Ga]Ga-DOTA-
TATE has a slightly different SSTR affinity pro-
file compared with [¢8Ga]Ga-DOTATOC [15], we
also evaluated whether another SUV___cut-off
value results in better patient stratification.
Furthermore, we assessed whether [%8Ga]
Ga-DOTATATE-avid TV, tumor grade and primary
tumor were correlated with survival. Finally,
we determined potential associations between
baseline IBI and its changes throughout treat-
ment with overall survival.

Materials and methods
Patient population

For this retrospective single-center study, all
NET patients treated with [Y7Lu]Lu-DOTATATE
PRRT in a routine clinical setting between
November 2013 and June 2019 (included) at
our center (Nuclear Medicine, University Hos-
pitals Leuven, Belgium) were eligible. PRRT
treatment was given in patients fulfilling the eli-
gibility criteria in standard clinical practice [6]
after multidisciplinary review and after informed
consent. In particular, patients had sufficient
uptake (higher than normal liver parenchyma)
on pre-therapeutic SSTR imaging. The main
inclusion criteria for this retrospective study
were patients diagnosed with a NET of all
grades and origin who received at least one
cycle of [Y"7Lu]Lu-DOTATATE, the availability of
a pre-therapeutic [°8Ga]Ga-DOTATATE PET per-
formed at our center within six months prior to
the first treatment cycle and a minimum follow-
up period for survival of 15 months. Patients
for whom baseline IBI within five days prior to
the first [*""Lu]Lu-DOTATATE administration was
unavailable (n = 9), neural crest tumor pa-
tients (n = 4), patients who had previous [*°Y]
Y-DOTATOC treatment (n = 2) or [*7Lu]Lu-
DOTATATE treatment at another center (n = 1)
and one patient in whom the [*8Ga]Ga-DOTA-
TATE PET was acquired on a PET/MR system (n
= 1) were excluded. As such, 83 patients were
included for analysis. This retrospective stu-
dy was approved by the Ethics Committee
Research UZ/KU Leuven (S64247).
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IBI and composite score

IBl was derived from serum albumin and CRP
levels as previously described [5, 16]. If both
values were normal (albumin > 35 g/L and CRP
< 10 mg/L), patients received a score of O.
Further, one point was assigned for each abnor-
mal parameter leading to a maximum score of
2 in patients with an elevated CRP and hypoal-
buminemia. No correction for acute clinical
changes, such as an acute, transient infection
was made. Baseline IBl was determined within
five days prior to the first PRRT cycle. To deter-
mine changes in IBI throughout treatment, a
previously described approach was used [5].
Patients were divided in two groups. The first
group of patients either showed an improve-
ment in IBI score as compared with the base-
line IBI value or retained a score of O and there-
fore had a “normalized” IBI score. The second
group with a “persistently abnormal” IBI score,
consisted of patients showing an increase in IBI
value or persistently elevated IBI. IBI changes
were evaluated at two time points: (1) after two
PRRT cycles, within one week prior to adminis-
tration of the third cycle, and (2) after four
cycles, preferentially 3 to 12 weeks after end of
treatment.

The composite score we previously derived
from [*8Ga]Ga-/[*°Y]Y-DOTATOC data [14] was
calculated as follows; patients with normal IBI
and an SUV___ higher than 13.7 received a
score of 0. An elevated IBl or an SUV___equal
or lower than 13.7 resulted in a score of 1. If
both conditions were met, a score of 2 was
assigned.

[63Ga]Ga-DOTATATE PET/CT scans

[8Ga]Ga-DOTATATE was synthesized using 30
ug of DOTATATE (ABX advanced biochemical
compounds, Radeberg, Germany) per synthesis
according to the previously described proce-
dure for [®8Ga]Ga-DOTATOC [17]. A whole-body
PET (PET/CT: with low or high dose CT (comput-
ed tomography) according to routine referrer’s
prescription) from head to mid-femur was ob-
tained at 39 + 8 minutes after IV administra-
tion of 157 + 30 MBq [*®Ga]Ga-DOTATATE.
Patients were asked to avoid long-acting SSA
treatment four to six weeks before the scan.
As patients were included from the routine clini-
cal setting at our center, scans were performed
on different PET systems. Twenty-five PET/CT
scans were performed on a Siemens Biograph
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16 HiRez LSO PET/CT system (Siemens Medi-
cal, Erlangen, Germany). lterative reconstruc-
tion was done using an ordered subsets ex-
pectation maximization (OSEM) algorithm (5
iterations, 8 subsets) and a post-reconstruc-
tion Gaussian smoothing kernel of 6 mm full-
width half-maximum (FWHM). In 52 patients,
images were acquired on a Siemens Biograph
40 Truepoint TrueV PET/CT system (Siemens
Medical, Erlangen, Germany) and iteratively
reconstructed by means of a manufacturer-
provided 3D OSEM algorithm with detector
response modelling (3 iterations, 21 subsets)
and a post-reconstruction Gaussian smoothing
kernel of 4 mm FWHM. Finally, six patients
underwent a PET/CT scan on a GE Discovery Ml
4-ring PET/CT system (GE, Milwaukee, WI, USA).
Emission data was iteratively reconstructed
with the VPFXS algorithm, which makes use of
Time-of-Flight information and includes detec-
tor response modelling (2 iterations, 34 sub-
sets). A post-reconstruction Gaussian smooth-
ing kernel of 5 mm FWHM was applied.

Quantitative measurements

[*8Ga]Ga-DOTATATE PET images were analyzed
using the MIM software package, version 7.0.6
(MIM Software Inc., Cleveland, Ohio, USA).
Tumor lesions were semi-automatically delin-
eated as previously described [14]. Briefly, a
series of segmentations of the whole-body PET
image was automatically generated using dif-
ferent SUV thresholds. These segmentations
were carefully compared to select the optimal
SUV cut-off for each patient. From the remain-
ing optimal segmentation, regions of physio-
logic or other non-disease related [*®Ga]Ga-
DOTATATE uptake were manually removed. In
patients with diffuse bone metastases with
markedly lower uptake compared with extra-
osseous tumor lesions (n = 7), an additional
customized SUV threshold was applied to seg-
ment the bone lesions. Finally, any small but
definite tumor lesions missed by the initial
segmentation due to low [*8Ga]Ga-DOTATATE
uptake were manually delineated with the PET
Edge® tool (MIM software v. 7.0.6) and added to
the [68Ga]Ga-DOTATATE-avid tumor volume-of-
interest (VOI). From the resulting total tumor
VOI, the parameters SUV__, SUV__ and TV
were automatically derived.

Statistical analyses

The Python package lifelines (CamDavidson-
Pilon/lifelines) version 0.24.11 was used for
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Table 1. Clinical and tumor characteristics of the patient cohort (n = 83)

Characteristics Number (%) or Median
Age at 1%t PRRT cycle (years) 62 (range: 24-84)
Sex
Male 46 (55.4%)
Female 37 (44.6%)
Primary tumor
Intestine 39 (47.0%)
Pancreas 28 (33.7%)
Lung 6 (7.2%)
Unknown origin 10 (12.0%)
Grade
G1 22 (26.5%)
G1/G2 (i.e. Ki-67 < 5%) 3 (3.6%)
G2 45 (54.2%)
G3 4 (4.8%)
Unknown 9 (10.8%)

Time between pre-therapeutic PET and first treatment cycle (months)

PRRT cycles received
1
2
3
4
Baseline IBI
0
1
2
OS (months)

2.1 (range: 0-5.3)

2 (2.4%)
3 (3.6%)
5 (6.0%)
73 (88.0%)
63 (75.9%)
16 (19.3%)
4 (4.8%)
53.5 (range: 0.1-86.3)

Ki67: Ki-67 proliferation index; PRRT: peptide receptor radionuclide therapy; IBI: inflammation-based-index; OS: overall survival.

statistical analysis. To compare OS between
different groups, Kaplan-Meier curves with log-
rank tests were applied. Subgroups for conti-
nuous PET-derived parameters were created
using the 25", 50" and 75" percentile values
as cut-off, resulting in three comparisons
between two subgroups for each parameter.
Hazard ratios (HRs) with 95% confidence inter-
vals (Cls) were estimated by means of uni- and
multivariate Cox proportional-hazards models.
Two-sides P values of less than 0.05 were con-
sidered statistically significant.

Results

Eighty-three patients (46 men, 37 women; 67
gastroenteropancreatic NETs, 6 lung NETs and
10 NETs of unknown primary) were included in
this retrospective study. Patient and tumor
characteristics are presented in Table 1. The
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intended treatment schedule was four cycles
of 7.4 GBq [*"7Lu]Lu-DOTATATE, every 8 weeks.
Reasons to end the therapy prematurely were
persistent or recurrent grade 3 or 4 hematotox-
icity (n = 4), severe clinical deterioration (n = 3),
disease progression (n = 1) and patient death
(n = 2). Furthermore, in two patients, the ad-
ministered activity of two treatment cycles was
reduced due to hematotoxicity.

At the time of data lock (July 31 2021), 45
patients (54.2%) had died. The median follow-
up time for patients who were still alive was
49.8 months. The median 0OS was 53.5 mon-
ths. The median interval between baseline
[¢8Ga]Ga-DOTATATE PET and the first treatment
cycle was 2.1 months (range: 0-5.3 months).
Baseline PET tumor uptake and volumetric
parameters are provided in Table 2.

Am J Nucl Med Mol Imaging 2022;12(5):152-162
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Table 2. Baseline [*8Ga]Ga-DOTATATE PET
tumor uptake and volumetric parameters

Parameter Mean + SD Median (range)
SUvV_ 43.7 +23.6  37.0(11.3-131.3)
SUV,_ . 149+5.4 14.4 (5.2-32.0)
TV (mL) 523 + 694 196 (10-3368)

SUV: standardized uptake value; TV: tumor volume.

First, we evaluated whether our previously
identified composite score [14] was able to
stratify patients from this cohort into three
groups with significantly different survival. As
can be seen in Figure 1, patients with com-
posite score 2 (elevated 1Bl and SUV___equal
or lower than 13.7; n = 12) showed a signifi-
cantly worse survival than the 71 patients in
the other two categories (HR 3.27; 95% CI
1.54-6.91; P = 0.001). However, no significant
differences in survival were observed between
patients with composite score 0 and score 1 (P
=0.67).

Looking at baseline [*®Ga]Ga-DOTATATE SUV ___
alone, patients with an SUV___lower or equal
than 11.2 (25" percentile) showed a signifi-
cantly worse OS (HR 2.28; P = 0.008) (Table 3;
Figure 2). Note that a cut-off value of 13.7 was
not associated with different OS (P = 0.13). For
[¢8Ga]Ga-DOTATATE-avid TV, all percentile value
cut-offs resulted in subgroups with significantly
different OS (Table 3). The highest HR was
reached with the 75" percentile cut-off. A [¢8Ga]
Ga-DOTATATE-avid TV higher than 672 mL was
correlated with worse survival (HR 3.13; P =
0.0001) (Figure 2). For multivariate analysis
only this cut-off value for TV was used.

Tumor grade and primary tumor were not cor-
related with survival (P = 0.85, 0.93 and 0.86
for G1, G2 and G3, respectively and P = 0.92,
0.16, 0.75 and 0.056 for intestine, pancreas,
unknown primary and lung, respectively).

Elevated baseline IBI was associated with
worse OS (HR 2.00; P = 0.034) (Table 3; Figure
2). IBI values after two and four PRRT cycles
could be determined for 75 (90.4%) and 52
(62.7%) patients, respectively. After two thera-
py cycles, 13 patients (17.3%) had a persistent-
ly abnormal IBI score, but survival in this group
did not differ significantly from patients with
normalized IBI (P = 0.089). After end of treat-
ment, 10 patients (19.2%) showed a persistent-
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ly abnormal IBI value. Survival in this group
was lower than in the normalized IBl group
(HR 2.52; P = 0.043) (Table 3; Figure 2).

Results of the multivariate analysis are shown
in Table 3. Independent associations were
observed between OS and all three included
parameters: IBI (HR = 2.09; P = 0.032), SUV____
(HR = 2.06; P = 0.027) and [*8Ga]Ga-DOTATATE-
avid TV (HR = 2.81; P = 0.0001).

Since our previously defined composite score
was no longer able to stratify patients from this
cohort in three groups with significantly differ-
ent survival, we evaluated whether adding
[¢8Ga]Ga-DOTATATE-avid TV could result in a
better stratification, as this parameter was al-
so found to be independently associated with
OS in the present cohort. Patients with normal
IBI, an SUVmean value higher than 11.2 and a
[68Ga]Ga-DOTATATE-avid TV equal or lower than
672 mL, received score 0. If one condition was
no longer met, a score of 1 was assigned, and
if two or three conditions were unmet, a score
of 2 was given. Similarly to the original compos-
ite score (Figure 1), the group with the highest
score showed a significantly worse survival
than patients from the other two groups (HR
3.86; 95% Cl 1.96-7.62; P = 3*107%), but an
important improvement was that the patient
category with score O had a significantly better
survival compared with the other patients com-
bined (HR 0.44; 95% Cl 0.24-0.81; P = 0.007)
(Figure 3). However, OS between patients with
score O and 1, was still not significantly differ-
ent (P =0.14).

Figure 4 shows the survival analysis according
to a four-point score combining baseline IBI,
SUV__.. and [**Ga]Ga-DOTATATE-avid TV. As the
group with the highest score and thus worst
survival contained only four patients, the Cox
proportional-hazards model suffered from a
convergence error and did not lead to a mean-

ingful HR calculation.
Discussion

The increasing demand for PRRT in the treat-
ment of patients with disseminated or inopera-
ble well-differentiated NETs, underscores the
need for accessible, predictive tools that allow
to stratify patients who will benefit from treat-
ment from those who will not. Previously, we
have investigated the role of baseline [*®Ga]
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— 1Bl =0 and SUVpean > 13.7
—— IBI >0 or SUVean < 13.7
—— Bl >0 and SUVpean < 13.7

as the SUV___ cut-off of 13.7 alone
was not associated with different
survival. Instead, a more optimal

0.8

o
o

cut-off of 11.2 could be identified;
patients with an SUV___ lower or
equal than 11.2 showed significant-
ly worse OS. [®8Ga]Ga-DOTATATE
has a slightly different SSTR affi-

o
'S

Overall survival

0.2

0.0

nity profile compared with [*®Ga]
Ga-DOTATOC, with a more than
tenfold higher affinity for SSTR2
[15], the most abundant SSTR sub-
type in the majority of NETs [18]. It
is therefore not surprising that a
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Time (mo)

1.0
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o
[
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Overall survival
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Time (mo)

Figure 1. Survival analysis according to a previously identified [14]
composite score based on mean standardized uptake value (SUV___ )
and inflammation-based index (IBl). Dashed lines represent the 95%

confidence interval (Cl). HR: hazard ratio.

Ga-DOTATOC PET tumor uptake and volumetric
parameters alone, and combined with IBI for
outcome prediction in NET patients treated
with [°°Y]Y-DOTATOC [14]. The aim of this retro-
spective study was to evaluate whether these
findings could be extrapolated to an inde-
pendent patient cohort treated with [*7Lu]
Lu-DOTATATE in combination with a pre-thera-
peutic [*®Ga]Ga-DOTATATE PET.

Although our previously defined composite
score using baseline IBl and an SUV___cut-off
of 13.7 was able to identify a group of patients
with significantly worse survival, this score was
no longer able to stratify patients in three dif-
ferent survival groups. This was to be expected,
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—— IBI >0 and SUVpmean = 13.7
IBI = 0 and/or SUV mean > 13.7

i o, . -
e 95% CI: 1.54 — 6.91 5.4,

[¢8Ga]Ga-DOTATOC uptake cut-off
cannot be straightforwardly extrap-
olated to [®®Ga]Ga-DOTATATE data.
Mean SUV__ and SUV___inour pre-
vious study were 25.8 + 10.1 and
11.3 + 3.6, respectively [14], com-
pared with 43.7 + 23.6 and 14.9 +
respectively, in the current
patient cohort. Although a correct
comparison across the two differ-
ent datasets is not straightforward,
L these data are in line with the high-

80

p=0.001
HR 3.27

er SSTR2 affinity of [*®Ga]Ga-DOTA-
TATE. In the last decade, several
authors have reported that high
uptake on pre-therapeutic [*®Ga]
Ga-DOTA-SSA PET was associated
with better survival after PRRT, pro-
posing varying cut-off values for
Suv__ and/or SUV__[7-11]. How-
ever, often slightly different appro-
aches to determine these parame-
ters were used across the different
studies and further validation is still
lacking. Moreover, other authors observed no
additional predictive value of tumor uptake on
baseline PET [12, 13]. In light of these findings,
PET uptake parameter cut-off values should
not be used as the sole basis for PRRT treat-
ment decisions.

80

In this patient population, [*®Ga]Ga-DOTATATE-
avid TV was clearly associated with survival,
with a volume higher than 672 mL being inde-
pendently associated with worse OS. Also the
other two percentile values resulted in sub-
groups with different survival, whereas in our
previous study only one cut-off, 578 mL (75"
percentile), was identified, above which 0S
was significantly worse, although not confirmed
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Table 3. Uni- and multivariate analysis for overall survival according to baseline mean standardized

uptake value (SUV

after 2 or 4 treatment cycles compared with the baseline value

nean)s tUMoOr volume (TV), inflammation-based index (IBI) and changes in IBI score

Univariate analysis

Multivariate analysis

Variable
HR (95% CI) p-value HR (95% ClI) p-value
Suv, ., s11.2 2.28 (1.22-4.26) 0.017 2.06 (1.09-3.91) 0.027
TV > 672 mL (75" percentile) 3.13 (1.69-5.79) 0.0001 2.81 (1.50-5.25) 0.001
IBI >0 2.00 (1.04-3.84) 0.034 2.09 (1.07-4.10) 0.032
TV > 98 mL (25" percentile) 2.62 (1.11-6.21) 0.023
TV > 196 mL (median) 2.11 (1.15-3.87) 0.014
Persistently abnormal IBI after 2 cycles 1.91 (0.90-4.07) 0.089
Persistently abnormal IBI after 4 cycles 2.52 (1.00-6.36) 0.043
HR: hazard; Cl: confidence interval.
A 104 —— SUVmean>11.2 B 1-0" — TV=672mL
SUVmean < 11.2 —— TV>672mL
| =0.008 | p = 0.0001
8 pHR 228 o8 HR 3.13
_ 95% CI: 1.22 - 4.26 _ 95% Cl: 1.69-5.79
s 2
Sos6| S 06/
:50,4 gO,AV
o (o]
02! 0.2
0.0 0.01
0 20 40 80 0 20 40 60 80
Time (mo) Time (mo)
c 1.0 — IBI=0 D 1.0 —— normalized I1BI
[ - Bl=1 persistently abnormal IBI
08 1 p=0034 p=0.043
’ | HR 2.00 0.8 HR 2.52
_ 95% CI: 1.04 — 3.84 _ 95% Cl: 1.00 - 6.36
E3 2
%0'6 L § 0.6
(o] O g4l
0.2
0.21
0.0+

40
Time (mo)

Figure 2. Survival analysis according to baseline (A) mean standardized uptake value (SUV

0 20 40 60 80
Time (mo)

), (B) [®®Ga]Ga-DOT-

mean

ATATE-avid tumor volume (TV) and (C) inflammation-based index (IBl), and (D) changes in IBl score after 4 treatment
cycles compared with the baseline value. Dashed lines represent the 95% confidence interval (Cl). HR: hazard ratio.

by multivariate analysis [14]. Nevertheless,
the [®8Ga]Ga-DOTA-SSA-avid TV values in both
study populations were of the same order of
magnitude. A prospective study by Tirosh et al.
[19] in a general population of 184 patients
with NETSs, reported that a [**Ga]Ga-DOTATATE-
avid TV of 35.8 mL or more was independently
associated with higher disease specific mor-
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tality. Therefore, [(8Ga]Ga-DOTA-SSA-avid TV
should be considered as a prognostic factor,
but to establish a potential role for PRRT patient
stratification, further studies in PRRT patient
populations only are warranted.

An elevated baseline IBl was independently
associated with worse survival, in line with our
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A
1.0 —— Bl =0and SUVyean > 11.2and TV = 672 mL
IBl > 0 or SUVpean=11.2 0r TV > 672 mL
—— IBI > 0 andfor SUVpmean < 11.2 and/or TV > 672 mL*
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Figure 3. Survival analysis according to a composite score based
on baseline inflammation-based index (IBI), mean standardized up-
take value (SUV__ ) and [**Ga]Ga-DOTATATE-avid tumor volume (TV).
Dashed lines represent the 95% confidence interval (Cl). HR: hazard
ratio. "At least two out of three conditions have to be met.

after four treatment cycles show-
ed worse survival compared with
patients with normalized IBI. No sig-
nificant differences were observed
after two PRRT cycles, in contrast to
Black et al. [5] who reported that
persistently elevated IBI after the
second and fourth cycle were corre-
lated with worse PFS and OS.
Therefore, we recommend not to
use this parameter as the sole
basis for treatment discontinu-
ation. Nevertheless, because of the
accessibility of this biomarker and
its ease of use, it can be readily
included in the pre-therapeutic
assessment.

Tumor grade and location of the pri-
mary tumor were not associated
with survival. However, the small
number of patients in several sub-
groups might have masked correla-
tions. For instance, in a large retro-
spective study in 610 patients treat-
ed with [*""Lu]Lu-DOTATATE, patients
with pancreatic NETs showed the
longest OS [20]. Moreover, regard-
ing tumor grade, histological data
for most patients dated from sever-
al years before PRRT treatment. As
tumor grade may evolve over time, it
is likely that several patients were
classified into a lower grade that no
longer reflected their disease state
at the time of PRRT.

Finally, we evaluated an alternative
composite score based on results
from the current patient cohort,
combining baseline IBI with an
SUV__ . cut-off of 11.2 and [**Ga]
Ga-DOTATATE-avid TV with a cut-off
of 672 mL. This new score showed
significant improvement compared
to our original score based on the
[8Ga]Ga/[*°Y]Y-DOTATOC dataset,
as it was not only able to identify a
patient group with the worst surviv-
al, but also a group with the best
survival. However, when only com-
paring patients from the groups
with score O and score 1, survival

previous findings [14] and those of Black et al. was no longer significantly different. Although

[5]. Patients with a persistently abnormal IBI baseline IBI, SUV

and [*8Ga]Ga-DOTATATE-

mean
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calibrations of PET systems occur,
with SUV deviations of around 15%.
Such miscalibrations from the PET
systems in the past at our center
may not be excluded. It is therefore
reasonable to take into account a
conservative potential error on re-

—

Overall survival

0.2

0.0

ported SUV values of around 15%.
However, as we already advised
against using strict SUV cut-off val-
ues for deselecting PRRT candi-
dates, the effect of such a potential
quantitative error is deemed negli-
gible. Nevertheless, one might ex-
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Time (mo)

Figure 4. Survival analysis according to a four-point composite score
combining baseline inflammation-based index (IBl), SUV___and [*®Ga]
Ga-DOTATATE-avid TV. "Two out of three conditions have to be met.

avid TV show prognostic utility, based on these
findings, we would not suggest to use cut-off
values for these parameters as threshold to
withhold patients from PRRT treatment. Ne-
vertheless, taking these factors into account
within the complete pre-therapeutic work-up
could improve the process of making PRRT
treatment decisions. For instance, in patients
showing a combination of low baseline SUVmean,
high [®8Ga]Ga-DOTATATE-avid TV and elevated
IBI, survival is likely limited even if PRRT is
started and rapidly moving to chemotherapy or,
if logistics allow it, to chemo-PRRT treatment
regimens [21], should be discussed in a multi-
disciplinary setting. Furthermore, after further
validation, they could be used as stratification
factors in future randomized controlled trials.

Limitations of this study include the retrospec-
tive nature of the analyses and the heterogene-
ity of the study population. However, the latter
may also be considered as a reflection of actual
clinical practice. Another important limitation is
the fact that [*®*Ga]Ga-DOTATATE PET images
were obtained with three different PET camer-
as using slightly different reconstruction proto-
cols. This is again a reflection of actual clinical
practice as new PET cameras came into use at
our nuclear medicine facility, but it might have
induced some minor variability in tumor delin-
eation and derivation of quantitative PET
parameters. More importantly, as has come
to attention by Bailey et al. [22], systemic mis-

160

80 pect that a standardized approach,

e.g. in terms of calibration and
reconstruction protocols, may have
the potential to enhance the accu-
racy and statistical power of such
an analysis.

Conclusion

Elevated baseline IBI, low baseline SUV___ (<
11.2) and high [®®Ga]Ga-DOTATATE-avid TV (>
672 mL) were independently associated with
worse survival in NET patients treated with
[*""Lu]Lu-DOTATATE. The information obtained
from these parameters combined may be use-
ful to include in the pre-therapeutic assess-
ment to help guide decisions for PRRT treat-
ment and might be used to stratify patients in
prospective PRRT trials. The utility of dichoto-
mized PET uptake and TV cut-off values alone
for patient stratification is limited.
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