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Abstract
Purpose  To evaluate the efficacy of 177Lu-DOTA0-Tyr3-octreotate (177Lu-DOTATATE) radionuclide therapy in patients 
with inoperable or metastatic neuroendocrine tumours (NETs), (PROSPERO ID CRD42019130755).
Methods  All published clinical studies of NETs treated with 177Lu-DOTATATE were identified based on systematic searches 
in the PubMed, EMBASE, Cochrane Library, Web of Science and ClinicalTrials.gov databases up to January 2019. Among 
these studies, only the reports evaluated with the “Response Evaluation Criteria in Solid Tumours (RECIST)” or “Southwest 
Oncology Group (SWOG)” criteria or both were included. We analysed the disease response rate (DRR) and disease control 
rate (DCR) of each group to evaluate the efficacy of 177Lu-DOTATATE.
Results  Fifteen studies were selected from 715 references. The pooled effect in the RECIST group (13 studies) was 27.58% 
(95% confidence interval (CI) 21.03–35.27%) for the DRR and 79.14% (95% CI 75.83–82.1%) for the DCR. In the SWOG 
criteria group (7 studies), the pooled effect was 20.59% (95% CI 10.89–35.51%) for the DRR and 78.28% (95% CI 74.39–
81.72%) for the DCR. Therefore, the RECIST and SWOG groups showed similar DRRs and DCRs after177Lu-DOTATATE 
treatment, indicating that 177Lu-DOTATATE treatment has excellent efficacy with a control rate of approximately 78–79%. 
Moreover, adverse effects of 177Lu-DOTATATE were minimal, including fatigue, nausea, vomiting and hormonal disorders.
Conclusions  For patients with inoperable or metastatic NETs, 177Lu-DOTATATE is an effective treatment with minimal 
side effects.
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Introduction

Neuroendocrine tumours (NETs) originate from neuroendo-
crine cells, but NETs can occur in most organs of the body 
because neuroendocrine cells are distributed throughout the 
body. The incidence of NETs has increased more rapidly 
than that of other tumours, especially in the past 30 years. 
According to registries of the Surveillance, Epidemiology, 
and End Results (SEER) Program, the annual age-adjusted 
incidence of NETs has increased 6.4-fold from 1973 (1.09 
per 100,000 people) to 2012 (6.98 per 100,000 people) in 
Europe and the USA (Dasari et al. 2017). Moreover, with 
various clinical manifestations, these tumours are easily mis-
diagnosed. Approximately, 50% of patients are found to be 
in metastatic stages at the time of initial diagnosis (Hallet 
et al. 2015). The most common NETs develop from organs 
in the digestive system, such as the stomach, intestines and 
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pancreas, which account for approximately two-thirds of all 
NETs.

Surgery is generally the preferred treatment for NETs, but 
it is not suitable for metastatic disease. For advanced stages 
of NETs, somatostatin analogue (SSTA) therapy, chemo-
therapy and peptide receptor radionuclide therapy (PRRT) 
are commonly used, with response rates ranging from 6 
to 70% (Oberg and Jelic 2009). Among these treatments, 
PRRT has been used in the treatment of NETs for more than 
30 years and has yielded promising results. Currently, 177Lu 
is a popular diagnostic and therapeutic radionuclide, which 
is used in a number of clinical trials. Unlike 111indium (van 
Binnebeek et al. 2016), 90Y (Valkema et al. 2006) and other 
radionuclides, 177lutetium is a medium-energy β-emitter 
with a maximum energy of 0.5 MeV and a maximal tissue 
penetration of 2 mm, which provides suitable irradiation of 
small tumours (van Essen et al. 2010; Kam et al. 2012). Two 
types of 177Lu-PRRT are available: Tyr3-octreotide (TOC) 
and Tyr3-octreotate (TATE). They can bind to malignant 
cells overexpressing somatostatin receptor type 2 (SSTR2). 
However, TATE has a ninefold higher affinity for SSTR2 
than TOC (Velikyan et al. 2012). Once bound, 177Lu-DOTA-
TATE accumulates within tumour cells and delivers cyto-
toxic radiation to kill these cells. Recently, a randomized 
controlled clinical trial evaluated the efficacy and safety 
of 177Lu-DOTATATE through a comparison with octreo-
tide (LAR) alone (Strosberg et al. 2017). They found that 
177Lu-DOTATATE not only reduced the symptoms caused 
by hormone oversecretion, but also prolonged disease-free 
survival with a significantly higher response rate. Therefore, 
177Lu-DOTATATE may be a valuable and effective therapy 
for NETs; however, only a few systematic reviews and meta-
analyses (Kim et al. 2015; Severi et al. 2017; Mujica-Mota 
et al. 2018) have been performed to evaluate its efficacy. 
The increase in the use of 177Lu-DOTATATE in clinical tri-
als (Strosberg et al. 2017; del Prete et al. 2018; Kalshetty 
et al. 2018) motivated us to carry out a systematic review 
and meta-analysis of 177Lu-DOTATATE for the treatment of 
inoperable or metastatic NETs. We hope to provide guidance 
for clinical practice, health-care decision making and future 
research through this meta-analysis. The PROSPERO data-
base registered our systematic review as CRD42019130755.

Materials and methods

Literature search strategy

This systematic review and meta-analysis followed the 
guidelines set forth by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) (Liberati 
et al. 2009). The reviewers performed searches in PubMed, 
Embase, Cochrane Library and Web of Science to obtain 

articles published on or before Jan. 18, 2019. Meanwhile, a 
manual search was performed for ongoing studies registered 
on ClinicalTrials.gov. We selected articles that reported the 
outcomes of patients with inoperable or metastatic NETs 
who were treated with 177Lu-DOTATATE and evaluated the 
response according to either the Response Evaluation Cri-
teria in Solid Tumours (RECIST) (Albain et al. 2002; Hodi 
et al. 2016) or the Southwest Oncology Group (SWOG) 
(Albain et al. 2002) criteria or both. The search terms were 
MESH terms and free text words (Stroup et al. 2000) as 
follows: {(“neuroendocrine tumor*” [Mesh] OR “neuroen-
docrine tumour*” OR “neuroendocrine tumor*” OR “neu-
roendocrine neoplasm*” OR “neuroendocrine cancer*” OR 
“neuroendocrine carcinoma*”) AND (Lutetium [Mesh] OR 
*lutetium OR *Lu OR PRRT)}. The reviewers indepen-
dently searched for articles that reported the outcomes of 
patients treated with 177Lu-DOTATATE.

Study selection

Regarding 177Lu-DOTATATE, we selected original research 
articles including ≥ 10 patients who had inoperable or meta-
static NETs and received 177Lu-DOTATATE radionuclide 
therapy. If several articles were published by a single centre 
or a group of centres, then only the study with the most rel-
evant patients for this meta-analysis was included. However, 
if the second of two articles from a centre evaluated > 50% 
of the patients who were unreported in the first article, then 
we included both articles. All included articles were limited 
to human studies and those written in English. Two review-
ers independently performed the searches and reviewed the 
quality of each study according to the methodological index 
for non-randomized studies (MINORS) (Slim et al. 2003). 
Initial assessments were based on titles and abstracts, and 
studies lacking original data, in vitro experiments duplicat-
ing a study that had already been recovered from the litera-
ture search or articles reporting only biodistributions were 
excluded. Review articles, meta-analyses, abstracts, edito-
rials and case studies were excluded. Early studies that did 
not provide renal protection with amino acid infusions were 
also excluded. Disagreements concerning eligibility were 
resolved by discussion between the authors (JZ and LC). If 
an agreement could not be reached, then a third arbiter (YC) 
was consulted.

Data extraction

The following baseline characteristics were extracted from 
each included study by the two reviewers, JZ and LC: first 
author, year of publication, centre, number of patients, 
study design, radiotherapy dose, response criteria and side 
effects. As treatment end points in the articles, we extracted 
articles that classified the objective treatment response by 
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the RECIST or SWOG criteria. The studies were grouped 
according to the response criteria used for evaluation. 
Tumour response data were recorded as disease response 
rates (DRRs) and disease control rates (DCRs). DRRs is the 
ratio of patients with complete response (CR) and partial 
remission (PR), whereas DCRs are defined as the sum of the 
ratios, including CR, PR, minor response (MR) and stable 
disease (SD). Any information omitted from the published 
articles was requested from the study investigators via email.

Statistical analysis

We performed patient-based evaluations for each study, and 
the effect sizes were based on the proportions of DRRs and 
DCRs with 95% confidence intervals (CIs). The pooled pro-
portions are presented with fixed-effects and random-effects 
models when applicable. Heterogeneity among the studies 
was assessed using Cochran’s Q and I2 statistics as described 
previously (Higgins and Thompson 2002). The possibility 
of publication bias was assessed using a funnel plot with 
Egger’s test and an influence analysis. A sensitivity analysis 
was used to analyse the stability of the test results. Differ-
ences were statistically significant at P < 0.05. All analyses 
were carried out using Microsoft Excel, version 365 (Micro-
soft, Corp. USA) and R statistical software with the meta 
package (Schwarzer 2012), version 3.5.2 (R Development 
Core Team 2011).

Results

Literature search

The electronic searches for studies of 177Lu-DOTATATE 
returned 715 hits. A total of 679 records were identified 
through the database searches, and 36 additional records 
were identified through a manual search of ClinicalTrials.
gov database. In total, 453 records remained after dupli-
cate records were removed. After screening the titles and 
abstracts, 262 records remained. However, 61 reviews, 50 
preclinical studies, 59 conference abstracts and 14 case 
studies with fewer than ten patients did not meet the inclu-
sion criteria. An additional 60 studies were excluded, as 
the compounds used in those studies were labelled using 
other precursors. After reviewing the full text articles of 
the remaining 16 studies, 15 articles with 872 patients were 
eligible for inclusion in the study. The review procedure is 
shown in Fig. 1.

Then, the quality assessment was conducted on 15 stud-
ies based on the MINORS, and the research generally met 
most quality standards. Most included studies provided 
tumour response data analysed with either the RECIST 
(Sward et al. 2010; Bodei et al. 2011, 2016; van Vliet et al. 

2013; Delpassand et al. 2014; Ezziddin et al. 2014; Sabet 
et al. 2015; Soydal et al. 2016; del Prete et al. 2017, 2018; 
Hamiditabar et al. 2017; Strosberg et al. 2017; Kalshetty 
et al. 2018) or SWOG (Sansovini et al. 2013; van Vliet et al. 
2013; Ezziddin et al. 2014; Paganelli et al. 2014; del Prete 
et al. 2017, 2018) criteria, while 5 studies analysed the data 
with both sets of criteria and were thus included in both the 
RECIST and SWOG groups (van Vliet et al. 2013; Ezziddin 
et al. 2014; Sabet et al. 2015; del Prete et al. 2017, 2018). 
However, the data from studies by del Prete et al. (2017, 
2018) group were collected from the same institutions, and 
the author mentioned that the latter study was independ-
ent of their retrospective cohort of patients treated with 
empiric PRRT before April 2016 (del Prete et al. 2018); 
thus, we included both studies. Moreover, one randomized 
controlled trial evaluating the efficacy and safety of 177Lu-
DOTATATE (Strosberg et al. 2017) with only DRR results 
was also included in the RECIST subgroup. Therefore, 872 
patients were included in this study, and all treated patients 
were divided into two groups: the RECIST (777 patients) 
and SWOG (515 patients) groups, as shown in Table 1. 
These patients were treated with two to five cycles of 177Lu, 
with an activity level of approximately 7.4 GBq for each 
cycle, the mentioned time interval between each cycle was 
6–14 weeks and the activity level of the last cycle ranged 
from 3.7 to 15.9 GBq, resulting in a cumulative activity level 
between 3.7 and 78.6 GBq.

Efficacy of 177Lu‑DOTATATE for the treatment of NETs

To evaluate the efficacy of 177Lu-DOTATATE for the treat-
ment of NETs, DRR and DCR data were analysed here. The 
pooled rates were analysed with both fixed-effects model 
and random-effects models, as shown in Table 2. A total of 
218 patients had effective responses to 177Lu-DOTATATE in 
15 eligible studies in the RECIST group with 777 patients. 
The test of heterogeneity showed a highly significant result 
for the DRR (I2 = 74.3%), which were analysed using a ran-
dom-effects model. The DRR ranged from 8.69 to 57.35%, 
with an average effect of 27.58% (95% CI 21.03–35.27%) as 
shown in Fig. 2a. The DCR ranged from 71.87 to 90.16%, 
with slight heterogeneity (I2 = 19.1%). Fixed-effect model 
analysis showed an average DCR of 79.14% (95% CI 
75.83–82.1%) as shown in Fig. 2b.

Seven eligible studies with 515 patients were included 
in the SWOG group analysis. A total of 135 patients had 
effective outcomes with 177Lu-DOTATATE treatment. The 
test of heterogeneity showed a highly significant result for 
the DRR (I2 = 88.1%). The SWOG criteria group had a DRR 
ranging from 8.69 to 60.29%, with a pooled effect of 20.59% 
(95% CI 10.89–35.51%) in the random-effects model. The 
forest plot is shown in Fig. 3a. The DCR ranged from 73.91 
to 91.8%, with moderate heterogeneity (I2 = 49.8%). The 
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fixed-effects model showed an average DCR of 78.28% (95% 
CI 74.39–81.72%) in Fig. 3b.

Publication bias and sensitivity analysis

The funnel plot was drawn along the horizontal axis, and 
standard error was plotted along the vertical axis with each 
study for the DRRs (Fig. 4a) and DCRs (Fig. 4b) in the 
RECIST group. Visual inspection revealed asymmetry for 
both the DRR and DCR in the RECIST group, reflecting 
a possible publication bias, although Egger’s test was not 
statistically significant for the DRR (t = − 0.6699, P = 0.52, 
Fig. 5a) or DCR (t = − 0.8476, P = 0.42, Fig. 5b). Next, we 
performed sensitivity analyses by omitting one of the stud-
ies each time and observing the influence on the total com-
bined effect. The results showed no significant changes in 
the combined results for the DRR (Fig. 6a) or DCR (Fig. 6b) 
after excluding any one of the studies, suggesting that the 
combined effect results have good stability and reliability. 
After eliminating each study in turn, the merger rate of the 

remaining studies was approximately 0.29 or 0.79, and no 
significant change was observed.

Adverse effects

In all studies included here, 177Lu-DOTATATE was tol-
erable and safe, with few serious adverse reactions such 
as fatigue, nausea, vomiting, hormonal disorders and 
nephrotoxicity. In fact, some of adverse reactions were 
related to pre-medication with agents such as everolimus, 
capecitabine and temozolomide. Some of them were tran-
sient, the reactions often disappeared very quickly. How-
ever, the renal metabolic pathway of this medicine may 
cause renal toxicity. It can be reduced or avoided by using 
renal protective medicines. Most clinical trials are gener-
ally routine in renal protection. If there is no indication 
of renal protection in early clinical trials, renal toxicity 
and side effects are too large. Thus, we excluded some 
early studies that did not provide renal protection with 
amino acid infusions as an exclusion criterion. The two 
forms of 177Lu-DOTATATE differed in terms of adverse 

Fig. 1   Flow diagram of the 
assessment of studies identified 
in the systematic review and 
meta-analysis
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effects. Toxicity was evaluated according to National Can-
cer Institute Common Terminology Criteria for Adverse 
Events version 3.0 (CTCAE) (Trotti et al. 2003). van Essen 
et al. (2010) reported grade 4 haematologic toxicity in 

one patient. Sansovini et al. (2013) found that one patient 
developed grade 3 renal toxicity.

Table 1   Characteristics of the included studies

Study Location Dose (GBq) No. of cycles Cumula-
tive activity 
(GBq)

Patients (n) Study design Response 
criteria

DRR (%) DCR (%)

Sward et al. 
(2010)

Sweden 8 4–5 / 16 Retrospective RECIST 37.5 87.5

Bodei et al. 
(2011)

Italy 3.7–7.4 4–6 3.7–29.2 51 Phase I–II RECIST 29.41 82.35

van Vliet 
et al. (2013)

Netherlands 3.7–7.4 4 22.2–29.6 257 Retrospective RECIST/
SWOG

27.63/25.29 76.26/73.93

Sansovini 
et al. (2013)

Italy 3.7–5.5 5 18.8–27.8 52 Prospective SWOG 28.85 80.77

Delpassand 
et al. (2014)

USA 7.4 1–4 29.6 32 Phase II RECIST 28.13 71.88

Paganelli 
et al. (2014)

Italy 3.7–5.5 5 14.4–27.8 43 Phase II SWOG 6.98 83.72

Ezziddin et al. 
(2014)

Germany 8 4 / 68 Retrospective RECIST/
SWOG

57.35/60.29 85.29/85.29

Sabet et al. 
(2015)

Germany 7.9 4 21.3–33.1 61 Retrospective RECIST/
SWOG

16.39/13.11 90.16/91.8

Bodei et al. 
(2016)

USA 3.7–6.5 4 6.5–27.8 54 Retrospective RECIST 18.52 72.22

Soydal et al. 
(2016)

Turkey 7.4 4–8 / 29 Retrospective RECIST 27.59 89.66

Strosberg 
et al. (2017)

USA 7.4 4 29.6 101 Phase III RECIST 17.82 17.82

Hamiditabar 
et al. (2017)

USA 7.4 1–6 29.6 28 Retrospective RECIST 28.57 114.29

del Prete et al. 
(2017)

Canada 5.9–15.9 4 27.2–60.2 23 Retrospective RECIST/
SWOG

8.7/8.7 73.91/73.91

Kalshetty 
et al. (2018)

India 5.55 4 22.37 46 Retrospective RECIST 43.48 80.43

del Prete et al. 
(2018)

Canada 7.4 4 6.3–78.6 11 Phase II RECIST/
SWOG

18.18/9.09 81.82/81.82

Table 2   Disease response 
and control rates of 
177Lu-DOTATATE

I2 is the percentage of total variation across studies due to heterogeneity rather than chance, I2 = 100% × 
(Q − df)/Q, where Q is Cochran’s heterogeneity statistics and df is the degree of freedom

Criteria Effects (rates) No. of studies Models Pooled proportion (95% CI) I2 (%)

RECIST Response 13 Fixed 0.29 (0.26–0.33) 74.3
Random 0.28 (0.21–0.35)

Control 12 Fixed 0.79 (0.75–0.82) 19.1
Random 0.80 (0.76–084)

SWOG Response 7 Fixed 0.28 (0.24–0.33) 88.1
Random 0.21 (0.11–0.36)

Control 7 Fixed 0.75 (0.71–0.79) 49.8
Random 0.76 (0.68–0.82)
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Discussion

With the increasing rate of NETs over the last 30 years, 
effective therapeutic methods are needed. In recent dec-
ades, new small-molecule peptides with high-affinity bind-
ing to tumour cell receptors have been rapidly developed. 
Among all types of therapeutic methods, PRRT has been 
widely explored for its role in patients with NETs (Werner 
et al. 2015). Currently, 177Lu has attracted much attention, 
as the combined use of 177Lu and 68 Ga can play the role of 
integrated diagnosis and treatment in PRRT.

In this meta-analysis, the tumour response results of 
the studies were separated according to either the RECIST 
or SWOG criteria. Although the analysed results in the 

RECIST group seem similar to those in the SWOG group, 
several differences exist between these sets of criteria in 
terms of the definitions used. For the RECIST, the longest 
diameter of up to five lesions per organ and up to ten lesions 
in total is measured. For the SWOG, the sum of the products 
of the perpendicular diameters of up to three lesions per 
organ is calculated. They also have different definitions of 
the response criteria for CR, PR, SD and progressive dis-
ease. Because these two sets of response criteria are very 
different, the outcomes of the studies should be analysed 
separately. 177Lu-DOTATATE treatment resulted in a DRR 
of 27.58% (95% CI 21.03–35.27%) in the RECIST group 
and 20.59% (95% CI 10.89–35.51%) in the SWOG criteria 
group, but the results were highly inconsistent (I2 = 74.3% 

Fig. 2   Forest plots of the proportions of disease response rates (a) and disease control rates (b) in the RECIST group
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and I2 = 88.1%, respectively), indicating that the DRRs var-
ied widely among the included studies. This might be related 
to the heterogeneous PRRT dose regimen used, such as two 
to five cycles, 6–14 weeks interval and different dose for 
each cycle of treatment used. Efficacy determination was 
in a variable range, since therapy regimens were different.

177Lu-DOTATATE treatment resulted in a DCR of 79.14% 
(95% CI 75.83–82.1%) in the RECIST group and 78.28% 
(95% CI 74.39–81.72%) in the SWOG group. These data 
reflected homogenous results (I2 = 19.1% and I2 = 49.8%, 
respectively), signifying consistency among the included 
studies. The results showed that the therapeutic effects of 
177Lu-DOTATATE were practical. Furthermore, a multicen-
tre randomized clinical trial (NETTER-1, NCT01578239) 
compared 177Lu-labelled PRRT with supportive care using 
octreotide achieved good results, with an estimated rate of 
progression-free survival of 65.2% (95% CI, 50.0 to 76.8%) 
in the 177Lu-DOTATATE group compared to only 10.8% 
(95% CI, 3.5 to 23.0%) in the control group after 20 months 
of treatment. Here, our results showed that the DCR was 
79.14% or 78.28% which is consistent with the reported data, 
suggesting that 177Lu-DOTATATE is an effective therapy 
for NETs.

Previous studies had reported that 177Lu-DOTATOC, 
90Y-DOTATATE and 90Y-DOTATOC all have beneficial 
therapeutic effects. However, we pay attention to TATA, 
because the binding force between TATE and SSTR2 is 
much higher than that between TOC and SSTR2. The 
clinical literature on radionuclide-labelled TATE was sig-
nificantly higher than that of TOC. A previous meta-anal-
ysis reported that 177Lu-labelled PRRT (Kim et al. 2015) 
yielded a DCR of 81% (95% CI 71–91%) in the RECIST 
group and 82% (95% CI 71–91%) in the SWOG criteria 
group. Seven studies were included, only one labelled with 
TOC. Other studies compared 177Lu-PRRT with 90Y-PRRT 
(Severi et al. 2017) or chemotherapy (Mujica-Mota et al. 
2018). The risk of side effects of radionuclide therapy with 
90Y was higher than with 177Lu (Valkema et al. 2005). 
Our results incorporate recently reported clinical trial data, 
which confirm the efficacy of 177Lu-DOTATATE in the 
treatment of metastatic NETs.

This study combined 15 original studies and demon-
strated the therapeutic effect of 177Lu-DOTATATE on 
NETs. However, our study also has certain limitations. On 
one hand, although we tried our best to search for relevant 
research, we may have ignored some studies that were not 

Fig. 3   Forest plots of the proportions of disease response rates (a) and disease control rates (b) in the SWOG criteria group
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published online. On the other hand, the study is limited 
by the characteristics of a single-rate meta-analysis, and 
the heterogeneity was high. Even in the classification anal-
ysis, partial heterogeneity cannot be ruled out.

Conclusion

In conclusion, the results of this meta-analysis indicate 
that 177Lu-DOTATATE is effective and safe for the treat-
ment of NETs. However, although 177Lu-DOTATATE has 

entered phase III clinical trials in some countries, no uni-
fied standard for the dose or frequency of delivery and no 
data on dosage standards or long-term adverse reactions 
are available. Moreover, additional 177Lu-DOTATATE 
clinical data from Asian samples are needed to verify 
our conclusion. High-quality original research, espe-
cially randomized controlled clinical studies, are needed 
to provide more evidence for the clinical application of 
177Lu-DOTATATE.

Fig. 4   Funnel plots of the proportions of disease response rates (a) 
and Egger’s test (b) in the RECIST group

Fig. 5   Funnel plots of the proportions of disease control rates (a) and 
Egger’s test (b) in the RECIST group
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