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Abstract

Background: NETTER-1 trial demonstrated high efficacy and low toxicity of four cycles of Peptide Receptor
Radionuclide Therapy (PRRT) in patients with metastasized NET. The present study evaluates the outcome of further
PRRT cycles in the so called salvage setting in patients after initial response to four therapy cycles and later progression.

Methods: Thirty five patients (pat) (25 male, 10 female, 63 + 9 years) with progressive, metastasized NET (23 small
intestinal, 5 lung, 4 CUP, 1 rectal, 1 gastric and 1 paraganglioma) were included. All patients previously received 4 PRRT
cycles with '”’Lu-DOTATATE and showed initial response. SPECT based dosimetry was applied to determine kidney
and tumor doses. Therapy response was evaluated using %8Ga-DOTATATE PET/CT (with high dose CT), CT alone or MRI
(RECIST 1.1), toxicity was defined using CTCAE 50 criteria. “™Tc99-MAG3 scintigraphy was used to assess potential
renal tubular damage. Progression free survival (PFS) and Overall survival (OS) analysis was performed with the
Kaplan-Meier-method.

Results: The median PFS after initial PRRT was 33 months (95% Cl: 30-36). The mean cumulative dose for including
salvage PRRT was 44 GBq (range 33.5-47). One pat. (2.9%) showed grade 3 hematotoxicity. Kidney dosimetry revealed a
mean cumulative kidney dose after a median of 6 PRRT cycles of 23.8 Gy. No grade 3 / 4 nephrotoxicity or relevant
decrease in renal function was observed. Follow-up imaging was available in 32 patients after salvage therapy. Best
response according to RECIST 1.1. was PR in one patient (3.1%), SD in 26 patients (81.3%) and PD in 5 patients (15.6%).
PFS after salvage therapy was 6 months (95% Cl: 0-16; 8 patients censored). Mean OS after initial PRRT was 105 months
(95% Cl: 92-119) and 51 months (95% Cl: 41-61) after start of salvage therapy. Median OS was not reached within a
follow-up of 71 months after initial PRRT and 25 months after start of salvage PRRT, respectively.

Conclusions: Salvage therapy with '”/Lu-DOTATATE is safe and effective even in patients with extensive previous
multimodal therapies during disease progression and represents a feasible and valuable therapy option for progressive
NET.

Keywords: PRRT, Salvage therapy, NET, SPECT, Dosimetry, Survival

* Correspondence: harun.ilhan@med.uni-muenchen.de

'Department of Nuclear Medicine, University Hospital, LMU Munich, Munich,
Germany

ENETS Centre of Excellence, Interdisciplinary Center of Neuroendocrine
Tumors of the GastroEnteroPancreatic System (GEPNET-KUM), LMU Munich,
Munich, Germany

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-019-6000-y&domain=pdf
http://orcid.org/0000-0003-0409-1942
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:harun.ilhan@med.uni-muenchen.de

Rudisile et al. BMC Cancer (2019) 19:788

Background

Neuroendocrine tumors (NET) are rare malignancies
with an increasing age-adjusted incidence of 6-7 per
100.000 in 2012 compared to 1 per 100.000 in 1973 [1].
The highest increase in incidence is observed in local-
ized and Grade I NET [1]. However, metastatic disease is
observed in 20-40% of NET patients at initial diagnosis
and has a significant impact on survival [2—4]. The over-
expression of somatostatin receptors (SSTR) on the cell
surface of NET [5] provides a theragnostic approach
using radiolabeled somatostatin analogs such as ®*Ga-
DOTA-D-Phe-Tyr3-octreotate (°®Ga-DOTATATE) for
positron emission tomography / computed tomography
(PET/CT) imaging and the B-emitter "’Lu-DOTA-D-
Phe-Tyr3-octreotate (*’’Lu-DOTATATE) for peptide re-
ceptor radionuclide therapy (PRRT), which established
as a safe and effective therapy option in metastatic, well-
differentiated NET [6-8]. Recently, in the prospective
Phase 3 trial NETTER-1 the combination of '"“Lu-
DOTATATE and 30 mg octreotoide LAR demonstrated
longer PFS and OS in midgut NET patients compared to
60 mg octreotide LAR alone [9], which led to the ap-
proval of Lutathera® (’’Lu-DOTA-D-Phe-Tyr3-octreo-
tate) by the U.S. Food and Drug Administration (FDA)
and the European Medicines Agency (EMA). Current
guidelines recommend 3 to 5cycles of ”’Lu-DOTA-
TATE with a standard dose of 7.4 GBq per cycle and an
interval of 6-12weeks between cycles [10, 11]. Even
though ""Lu-DOTATATE demonstrated unprecedented
survival benefit, metastases eventually recur with need
for further treatment. Several studies indicate that
additional PRRT cycles using '”’Lu-DOTATATE in the
so called salvage therapy setting are feasible, safe and
effective [12—15].

Most prior salvage PRRT studies were performed in
patients receiving '”’Lu-DOTATATE salvage treatments
without other therapy options between initial PRRT and
re-challenge. However, given the broad variety of treat-
ment options at tumor progression (e.g. biotherapy,
surgery, chemotherapy, everolimus, antibody therapy
and local ablative therapies such as radiofrequency abla-
tion, transarterial chemoembolization and radioemboli-
zation [10]), it is of high interest to understand the
outcome and side effects of salvage PRRT in patients
within the multimodal treatment concept for metastatic
NET. Hence, the aim of this retrospective single center
study was to evaluate the toxicity, efficacy and survival
after salvage PRRT in an extensively pretreated group of
metastatic NET patients after treatment failure and and to
identify possible parameters influencing survival. Due to a
lack of published data for singe photon emission computed
tomography (SPECT) based dosimetry after salvage '""Lu-
DOTATATE therapy, SPECT image dosimetry of kidneys
and metastases was performed for each therapy cycle.
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Methods

Patients

Between August 2006 and May 2018 427 patients with
well differentiated NET received at least one cycle of
77Lu-DOTATATE at the department of Nuclear Medi-
cine, LMU Munich. Salvage PRRT, defined as a re-chal-
lenge with one or more '"“Lu-DOTATATE therapy
cycles after 4 initial PRRT cycles with initial response
was performed in 56 patients. Patients receiving PRRT
with *°Y labeled somatostatin analogs or *”’Lu-DOTA-
TATE therapy without SPECT based dosimetry were ex-
cluded from the analysis. A total of 35 consecutive
patients (median 63+ 9years, range 45-81 years) were
included in this retrospective analysis. All patients ful-
filled the inclusion criteria for PRRT according to
current guidelines [10, 11]. ®®Ga-DOTATATE PET/CT
was performed in each patient to determine sufficient
uptake of somatostatin-analogs prior to PRRT. This
retrospective analysis was performed in compliance with
the principles of the Declaration of Helsinki and its
subsequent amendments and was approved by the local
Ethics Committee (approval number 19-027). The
requirement to obtain informed consent was waived.

'77Lu-DOTATATE treatment

Radiolabeling of "’Lu-DOTATATE was performed
according to previously described protocols [16]. No-
carrier added '"’Lutetium was obtained from Isotope
Technologies Garching GmbH (Garching, Germany),
DOTA%TYR?-octreotate was obtained from ABX ad-
vanced biochemical compounds (Dresden, Germany).
77Lu-DOTATATE was administrated with a standard
dose of 7.4 GBq in intervals of 10 to 12 weeks (median:
11 weeks) between cycles 1 to 4 and in the salvage set-
ting. Coinfusion of positively charged amino acids (2.5%
Lysin and 2.5% Arginine) was started 30 min before each
treatment for kidney protection. '”’Lu-DOTATATE was
injected i.v. within 10 min using a pump system.

77| y-DOTATATE dosimetry

Dosimetry data were acquired for each therapy cycle.
SPECT images were acquired on a dual-headed Symbia
T2 SPECT/CT or on an E.CAM SPECT system (Siemens
Medical Solutions, Erlangen, Germany) at 24, 48 and 72
h post injection over the complete abdomen with a scan
time of 15min according to previously described scan
protocols [17, 18]. The co-registered diagnostic CT from
the pre-therapeutically performed ©®Ga-DOTATATE
PET/CT scan was used for anatomical correlation-and
attenuation correction -during quantitative SPECT re-
construction (rigid-body co-registration PMOD Version
3.609, PMOD Technologies, Zurich, Switzerland). For
quantitative SPECT reconstruction a MAP algorithm
with a penalty factor of 0.001, 20 iterations and 16
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subsets was chosen, which further included scatter
correction and resolution compensation (Hermes Hybrid
Recon 1.4.2; Hermes Medical Solutions, Stockholm,
Sweden). For estimation of absorbed dose values, vol-
umes of interest (VOI) were subsequently delineated for
kidneys and metastases, using an isocontour with a
threshold of 30% (PMOD Version 3.609). As recently
described, radiation absorbed doses were estimated by
mono-exponentially time-activity-curve fitting [19].
According to the method of Garske et al, the latest
available time point in combination with the effective
half-life of the previous cycle was used for absorbed dose
estimation in case of less than three available time points
[20]. Kidney volumes and masses were delineated and
calculated from the pre-therapeutic diagnostic CT. For
final absorbed dose estimation the time-integrated kid-
ney or tumor activities were multiplied by mass-scaled
S-values for either kidneys or tumors, as described
previously [17, 21].

Toxicity evaluation

For each PRRT cycle, laboratory analysis was performed
1day prior to treatment, during the following inpatient
stay and re-evaluated 2 and 6 weeks after each therapy.
During follow-up laboratory parameters were re-evalu-
ated every three months. Hematological parameters were
determined with Common Terminology Criteria for Ad-
verse Events (CTCAE) V5.0. Hematological and clinical
parameters including WBC, erythrocytes, Hb, platelet
count, cumulative absorbed kidney dose, Ki67, and post-
therapeutical weight loss were determined and noted be-
fore and after each therapy cycle and during follow-up.
Renal function was examined on the basis of glomerular
filtration rate in plasma creatinine and the tubular ex-
traction rate (TER) determined by 99mTe. MAG3 renal
scintigraphy prior to each therapy cycle and during fol-
low-up. Renal scintigraphy with **™Tc-labelled MAG3
was performed on a doubled headed gamma camera
(Siemens E.Cam; Siemens; Erlangen, Germany) equipped
with a low-energy, high-resolution collimator according
to previously described protocols [22]. The annual TER
decrease (ml/min/1.73 m?) was normed to the lower
limit as recently described by Werner et al. [23]. The an-
nual decrease of the TER was determined by linear
regression.

Response assessment

During follow-up “®Ga-DOTATATE PET/CT (with high
dose CT), diagnostic CT or MRI was performed in an
interval of three months. Tumor response was assessed
using the Response Evaluation Criteria in Solid Tumors
1.1 (RECIST 1.1) [24]. Disease control was defined as
patients with a complete response (CR), partial response
(PR), or stable disease (SD).
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Statistics

Statistical analysis was performed with the SPSS Soft-
ware Package (SPSS Version 25; IBM). Statistical evalua-
tions include overall and progression free survival
analysis according to the Kaplan-Meier curve method,
correlation analysis using Spearman rank correlation
analysis, log-rank test and Pearson’s chi-squared Test.
The assessment of the effect of multiple parameters
(WBC, erythrocytes, Hb, platelet count, cumulative
absorbed kidney dose, Ki67, sex, post-therapeutical
weight loss, therapy response and age) on survival was
performed with Kaplan-Meier and COX proportional
hazard model (according to bivariate Variables). Median
follow-up time and median OS were calculated from the
date of the first PRRT cycle. PFS was calculated from the
time of first PRRT until progression and from the start
of salvage therapy. Differences between groups were
described as significant at p < 0.05. Cut-off values were
determined with the receiver operating characteristics
(ROC) method. Data are presented as either mean or
median values with standard deviation (SD) or standard
error of the mean (SEM).

Results

Patient characteristics

Thirty five patients (25 male, 10 female; median 62 years,
range 45-81 years) received at least one salvage PRRT
cycle (median: 2) after 4 initial PRRT cycles. A total of
210 PRRT cycles with 70cycles in the salvage setting
have been performed with a cumulative median activity
of 44 GBq (range: 33.5-47.0). Detailed information is
given in Table 1. With a median of 39 months (range:
13-85 months) after 4 initial PRRT cycles, two patients
received 1 cycle, 32 patients 2 cycles and one patient 4
cycles of salvage PRRT. Primary tumors were located in
the small intestine (1 =23), lungs (n=5), in the rectum
(n=1) and stomach (n =1). Four patients had cancer of
unknown primary (CUP) and one patient paraganglioma.
Seven patients (20%) had a Ki-67 <2% and 22 patients
(62.9%) had a Ki-67 between 2 and 20%. At the time of
PRRT, liver metastases were found in 31 patients
(88.6%), lymph node and bone metastases in 12 (34.3%)
patients, respectively, and peritoneal metastasis in 7
(14.3%).

Previous therapies

Table 2 provides a summary of all applied therapies dur-
ing disease progression prior to PRRT, between initial
and start of salvage PRRT and after salvage PRRT. The
vast majority of patients underwent resection prior to
their first PRRT cycle (23 patients, 67.7%). Biotherapy was
performed in 22 patients (62.9%), local ablative liver ther-
apies in 12 patients (34.3%), chemotherapy in 2 (5.7%) and
bone targeted therapies including bisphosphonates and
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Table 1 Patient characteristics

Number of patients 35
Sex
Male (%) 25(714)
Female (%) 10 (28.6)
Age (years) median range 62.5 (45-81)
Total cycles median (range) 6 (5-8)
Cumulative activity (GBg) median (range) 44 (33.5-47)
Primary tumor
Small intestinal (%) 23 (65.7)
Lungs (%) 5(14.3)
Cancer of unknown primary (%) 4(114)
Rectal (%) 129
Gastric (%) 129
Paraganglioma (%) 1(2.9)
Ki-67 proliferation index
<3% 7 (20.0)
3-20% 22 (62.9)
Not evaluable 6 (17.1)
Metastases (%)
Liver (%) 31 (88.6)
Lymph nodes (%) 12 (34.3)
Bone (%) 12 (34.3)
Peritoneal (%) 7 (14.3)

denosumab in 7 patients (20.0%). During disease progres-
sion after initial PRRT and prior to salvage PRRT, surgery
and local ablative liver therapies were performed in 9
patients (25.7%), respectively. Additional biotherapy and
bone targeted therapies were performed in 5 patients
(14.3%), respectively. One patients received everolimus, 1
patient antibody therapy prior to PRRT and 3 patients
(8.6%) radiotherapy. Main additional therapies during
disease progression after salvage PRRT included local ab-
lative liver therapies in 3 patients (8.6%), chemotherapy in
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7 (20.0%), everolimus in 10 (28.6%), antibody therapy in 8
(22.9%), bone targeted therapies in 4 patients (11.4%) and
radiotherapy in 1 patient (2.9%).

Therapy associated hematotoxicity

One patient was lost to follow-up after salvage PRRT
and excluded from the toxicity analysis. Only one patient
(2.9%) showed grade 3 hematotoxicity after salvage
PRRT according to CTCAE 5.0 criteria. Compared to
mean baseline values prior to initial PRRT and prior to
salvage PRRT, white blood cell (WBC) count decreased
significantly after the initial four PRRT cycles (6.59 vs.
4.48, p<0.001) and after salvage PRRT (6.62 vs. 5.08,
p<0.001). Likewise, erythrocyte and platelet count
decreased after the initial four PRRT cycles and after
salvage PRRT. Detailed numbers are given in Tables 3
and 4. Hematological parameters after initial four PRRT
cycles recovered to baseline values comparable to values
prior to initial PRRT.

Therapy associated nephrotoxicity

No patient showed grade 3 or grade 4 nephrotoxicity ac-
cording to CTCAE 5.0 during or after treatment. The
absolute annual decrease in TER was 8+ 12 ml/min/
1.73 m? resulting in an annual TER decrease of 0.03 + 0.07
in linear regression analysis (Additional file 1: Table S5).
This represents an annual decrease of 2.25 + 0.48% com-
pared to baseline values and normed to the age specific
lower TER limit.

SPECT based tumor and kidney dosimetry during PRRT
and salvage PRRT

Tumor dosimetry was performed in a total number of
204 tumor lesions including 152 liver metastases, 26
lymph node metastases, 21 bone metastases and 5 peri-
toneal metastases. The mean absorbed cumulative tumor
dose for all tumor lesions was 76.4+56.9 Gy with a
mean absorbed dose of 2.30 + 1.83 Gy per GBq of *”’Lu-
DOTATATE. The boxplots for cumulative doses among

Table 2 Applied treatment options during disease progression in all patients (n = 35)

Therapies prior to initial PRRT

Additional therapies after initial PRRT
and prior to salvage PRRT

Additional therapies
after salvage PRRT

Surgery 23 (65.7%)
Biotherapy 22 (62.9%)
Local ablative therapy (RFA, TACE, SIRT) 12 (34.3%)
Chemotherapy 2 (5.7%)
Everolimus -

Protein Kinase Inhibitor / Antibody® -
Radiotherapy 2 (5.7%)
Bone targeted therapy© 7 (20.0%)

9 (25.7%) -

5 (14.3%) -

9 (25.7%) 3 (8.6%)
1(2.9%) 7 (20.0%)
1(2.9%) 10 (28.6%)
- 8 (22.9%)
3 (8.6%) 1(2.9%)
5 (14.3%) 4 (11.4%)

2RFA Radiofrequency ablation, TACE transarterial chemoembolisation, SIRT selective internal radiotherapy; ® including tyrosine kinase inhibitors and bevacizumab,

€ Denosumab and Bisphosphonates
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Table 3 Hematological parameters before and after initial PRRT
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Baseline (mean = SD) n= After 4 Cycles Difference (%) p-value (paired t-test)
WBC (103/u\) 659 + 212 35 448 £ 1.29 -320 < 0.001
Erythrocytes (10%/ul) 448 + 063 35 411 + 054 -83 <0001
HB (g/dl) 1343 + 281 35 1317 £ 140 -19 =0.506
PLT count (103/u|) 254.86 £ 110.57 35 167.71 + 50.62 -34.2 <0.001

the kidneys and the different tumor sides are shown in
Fig. 1. The mean cumulative dose in liver and lymph
node metastases (84.9 +57.9 Gy and 73.9 + 53.6 Gy, re-
spectively) was significantly higher compared to bone or
peritoneal metastases 30.0 £ 21.2 Gy and 26.3 + 13.3 Gy,
respectively; p <0.01). The mean absorbed kidney dose
per cycle was 4.0 £ 1.1 Gy (0.54 + 0.15 Gy/GBq) with a
mean cumulative dose of 23.8 + 6.5 Gy. Pearson correl-
ation revealed no significant correlation between cumu-
lative absorbed renal dose and decrease of TER. Over
the time of six cycles there was a slight, but statistically
not significant increase of the mean absorbed kidney
dose (+0.85 Gy between cycle 1 and 6) opposed to a
decrease of absorbed dose in metastases (-3.25Gy
between cycle 1 and 6). A strong inverse correlation of
increasing mean kidney doses and decreasing mean
tumor doses was detected (Spearman-Coefficient: - 0.9,
p<0.01).

Efficacy and survival after salvage PRRT

Median follow-up after first PRRT was 71 months (95%
CI: 64-78) and 25 months (95% CI: 18-31) after start of
salvage PRRT. “®Ga-DOTATATE PET/CT, diagnostic
CT and/or MRI based tumor for assessment of best
response after salvage therapy was available for 32 pa-
tients. Three patients were lost to follow-up without
PET-, CT or MRI-scans during follow-up and excluded
from the analysis. In the remaining 32 patients one pa-
tient (3.1%) showed partial regression (PR), 26 patients
(81.3%) showed stable disease (SD) and 5 patients
(15.6%) progressive disease (PD) according to RECIST
1.1. Initial median PFS after the first cycle of PRRT was
33 months (95% CI: 30-36) (see Fig. 2). Median PFS
after salvage therapy was 6 months (95% CI: 0-16; 8/32
patients censored). Median OS after start of first PRRT
and start of salvage PRRT was not reached, mean OS
was 105 months (95% CI: 92—-119) and 51 months (95%
CL: 41-61) after start of initial and salvage PRRT,

Table 4 Hematological parameters before and after salvage PRRT

respectively. Eight patients died from their cancer with a
median of 50 and 22 months after start of PRRT and
salvage PRRT, respectively. Hematological, clinical and
dosimetry parameters such as WBC, erythrocytes, Hb,
platelet count, cumulative absorbed kidney dose, Ki67,
sex, post-therapeutical weight loss, therapy response and
age had no significant impact on survival according to
the univariate cox hazard model. However, there was a
tendency towards higher overall survival in patients who
received a mean cumulative absorbed kidney dose higher
than 19.5 Gy (p = 0.052).

Discussion

In this retrospective study the toxicity, dosimetry and ef-
ficacy of salvage PRRT using "’Lu-DOTATATE was an-
alyzed in 35 metastasized and multimodally pretreated
NET patients. Previously published data on salvage
PRRT reported a tolerable toxicity with promising treat-
ment efficacy [12, 14]. Nonetheless, hematological and
renal toxicity are still regarded as the main side effects
and dose limiting factors for PRRT [11] and are of
particular concern in the salvage setting. Although we
observed a significant decrease in WBC, erythrocytes
and platelet count both after initial and salvage PRRT,
blood values recovered and were still within the limits of
current PRRT guidelines. Recently Loser et al. presented
similar results with significantly decreasing platelets and
WBC in 30 patients undergoing '"“Lu-DOTATATE
therapy with 17 and 13 patients receiving a cumulative
therapy activity of <29.6 GBq (conforming to <4 PRRT
cycles with 7.4 GBq) or>29.6 GBq (conforming to sal-
vage PRRT), respectively [13]. Interestingly, platelet
counts of >399,000 cells/pl was associated with worse
survival, which was not observed in our cohort. In our
analysis one patient (2.9%) showed reversible grade 3
hematotoxicity after salvage PRRT (anemia with reduced
hemoglobin to 6.8 g/dl). Studies with larger patient num-
bers describe similar rates of grade 3/4 hematotoxicity.

Baseline (mean + SD) n=

After Salvage PRRT Difference (%) p-value (paired t-test)

WBC (10%/ul) 662+ 2.14 34
Erythrocytes (10%/ul) 449 + 064 34
HB (g/d) 1344 + 206 34

PLT count (10%/ul) 25862 + 10994 34

508 + 2.01 =233 =0.001
3.89 +0.70 -134 <0.001
12.30 = 2.06 -85 =021

200.71 + 93.761 =224 = 0016
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Dosimetry data for kidneys and metastases
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Recently, Garske-Romén et al. presented data on 200
patients receiving '”’Lu-DOTATATE therapy according
to a dosimetry based study protocol with the goal to not
exceed a cumulative kidney dose of 23 Gy [25]. Grade 3
or 4 hematotoxicity was observed in 30 patients (15%).
Bergsma et al. observed grade 3/4 hematotoxicity in 34
of 320 patients (11%) receiving up to 29.6 GBq of *”’Lu-
DOTATATE. Data on patients receiving >8 ”"Lu-DOTA-
TATE therapy cycles have been published recently by
Yordanova et al. in 15 patients [15] and by van der Zwan
et al. in 13 patients within a larger cohort of 181 salvage
PRRT patients receiving >5 cycles [14]. Yordanova et al.
observed grade 3/4 hematotoxicity in 4 patients (23%) be-
tween PRRT cycles 1 and 4, in 3 patients (13%) between
cycles 5 and 8 and in none of 9 patients between cycles 9
to 13. Similarly van der Zwan et al. observed grade 3 /4
hematotoxicity in 13 patients (7.2%) after salvage therapy
(cylces 5 and 6) and in 1 patient (7.7%) after re-salvage
therapy (cycle 7 and 8). Regarding nephrotoxicity, no
grade 3 / 4 toxicity was obversved in our cohort. The me-
dian annual decrease in TER of 0.03 +0.07 (2.25 + 0.48%)
normed to the lower limit is comparable to data by
Werner et al. [23]. Contrary to their findings we could not
detect a significant correlation between high initial median
TER and a decrease in TER. In our cohort the decrease of
absolute TER before initial and after salvage PRRT was
higher than reported by Werner et al. indicating a pre-
served kidney function in their cohort. This might be

explained by the larger number of therapy cycles in our
salvage PRRT cohort. Kidney dosimetry revealed a mean
cumulative absorbed dose of 23.8 £+ 6.5 Gy in the salvage
PRRT setting without correlation with loss of TER. This
indicates that salvage PRRT with a median of 6 cycles re-
sults in an absorbed kidney dose which is within the limit
of 23 Gy, established as the maximum tolerated dose by
means of external beam radiation. In a large group of 323
NET patients Bergsma et al. observed no grade 3 or 4
nephrotoxicity or annual decrease of renal function >20%
and calculated a mean kidney dose of 20.1 + 4.9 Gy in 228
patients by planar scintigraphy [26]. They concluded that
the threshold of 23 Gy seems to be too low. Low rates of
Grade 3 and 4 nephrotoxicity even in the salvage setting
support this conclusion [14, 15]. However, as the kidneys
are still considered as the dose limiting organs, SPECT
based dosimetry protocols as presented by Garske-Roman
et al. represent interesting approaches, particularly as
tumor based dosimetry is not feasible in NET [25]. In con-
trast to other authors we found a significant difference in
cumulative absorbed doses of different locations of metas-
tases with higher doses in liver and lymph node metasta-
ses compared to bone and peritoneal lesions [13].
Supporting the thesis of a tumor sink effect in NET [27],
we found a significant inverse correlation of increasing
mean kidney doses and decreasing mean tumor doses over
the course of initial and salvage PRRT. This supports the
thesis that lower mean absorbed tumor doses lead to
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higher mean absorbed kidney doses. However, the high
number of other therapy options including liver targeted
therapies might also have an impact on SSTR expression
and absorbed dose in tumors. Further trials with higher
patient numbers and stratification according to previous
therapies are needed to answer this question.

Different response assessment criteria have been ap-
plied for therapy monitoring in NET patients after
PRRT. RECIST 1.1 has been validated for NET patients
within the NETTER-1 trial [9]. Nonetheless, response
data specifically for the salvage PRRT setting are re-
ported relatively rarely. Compared to other studies our
response rates seem considerably lower. A comparative
presentation is given in Table 5. This might be explained
by the multimodal treatment of NET patients in our

Table 5 Best response after salvage PRRT

center, which is based on an interdisciplinary tumor
board decision. Salvage PRRT patients included in the
cohorts of Sabet et al. and van der Zwan et al. did not
receive additional therapies prior to salvage PRRT. For
instance, in our cohort a considerably high number of
patients received local ablative liver therapies not only
prior to the first PRRT (34.4%) but additionally prior to
salvage PRRT (25.7%). Other intermediate therapies in-
cluded surgery, bone targeted therapy, everolimus and
chemotherapy. Thus salvage PRRT was not the first
therapy option at the time of progression after initial
PRRT but third or fourth line in many cases. Median
PES after salvage PRRT at a median follow-up of 25
months was only 6months with 8 patients being
censored at the time of analysis. Median PFS after four

Authors patients n= Number of PRRT cycles Median Follow-Up [months] CR/PR/MR? SpP PD*
This study 35 5-8 25 130 26 (81.6) 5(153)
Sabet et al. [12] 33 5-8 23 712 14 (42.4) 11 (333)
van der Zwan et al. [14] 168 5-8 304 26 (15.5) 100 (59.5) 33 (19.6)

CR/PR/MR Complete/Partial/Minor Response, ®SD Stable Disease, PD Progressive Disease
Data is presented as number (%) of patients. Assessment of best response was based on RECIST 1.1 in the current study and in [14] and on SWOG criteria in [12];

3 and 9 patients were excluded in the current study and in [14], respectively
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initial PRRT cycles was 33 months and within the range
of 27-40 months as described in other studies [7, 8, 25].
This could again be explained by the relatively late se-
quence of salvage PRRT in a considerably high number
of patients in our cohort. Other groups report median
PES after salvage PRRT ranging from 13 to 18.9 months
[12, 14, 15]. The only difference compared to these
studies is the multimodal treatment between initial
PRRT and salvage PRRT in our patient cohort. Garske-
Roman et al. present a similar patient cohort to ours
[25]. However the therapy sequence is not further speci-
fied and local ablative liver therapies were not included.
Additionally the PFS has been described for the whole
patient cohort with respect to the cumulative kidney
dose and not the number of therapy cycles. Thus the
PES of salvage PRRT patients is not described. However,
in 39 patients receiving 5 or more cycles of ”’Lu-
DOTATATE, a cumulative dose of 23 Gy to the kidneys
was reached only in 26 patients and 19 had died.
However, they defined the common threshold of 23 Gy
to be associated with a higher survival regardless of the
number of therapy cycles [25]. In our cohort univariate
Cox Hazard analysis revealed a tendency towards higher
overall survival in patients with a mean cumulative
absorbed kidney dose higher than 19.5Gy (p =0.052)
compared to patients who received lower doses. As
PRRT is mainly performed with a standardized dose of
7.4 GBq per cycle the added value of individualized dos-
imetry is still a matter of debate. Our study and the data
by Garske-Roméan et al. show that higher absorbed
kidney dose are associated with higher survival and
remission rates. Personalized dosimetry enables to aim
for the maximum of the tolerable dose to receive the
best possible outcome.

One limitation of this study is the retrospective,
monocentric study design. The patient cohort is rela-
tively small and although the heterogeneity of different
treatment options during the course of disease appears
to have a major impact on response and survival, the
interpretation is limited. Furthermore patients in our
cohort present with various NET primary tumors with
different tumor characteristics in terms of agressiveness
and prognosis. This particularly applies for lung NET
with typical and atypical histological variants, which
have high impact on therapy response and surivival. Due
to the small sample size, a subgroup analysis was per-
formed only in small intestinal NET and demonstrated
longer PFS compared to other primary tumors (data not
shown). However, such data needs validation in larger
cohorts, such as recently described by van der Zwan et
al. [14]. Nonetheless it could be demonstrated that the
majority of our heterogeneous patient population shows
disease stabilization in terms of PR and SD after multi-
modal therapy and progression.
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Conclusion

Salvage PRRT using '”’Lu-DOTATATE is feasible and
safe. Despite a relatively short median PFS, salvage PRRT
was still an effective therapy option in extensively pre-
treated, progressive NET patients. A cumulative absorbed
kidney dose higher than 19.5 Gy was associated with a
tendency towards a longer overall survival confirming the
value of personalized dosimetry for PRRT.
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