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Abstract
Objectives  To determine the diagnostic value of [68 Ga]Ga-DOTA-labeled-somatostatin analogue ([68 Ga]Ga-DOTA-
SSA) PET/MRI for detecting liver metastasis in patients with neuroendocrine tumor (NET) and to compare it with [68 Ga]
Ga-DOTA-SSA PET/CT.
Methods  A search of MEDLINE, EMBASE, and Cochrane was performed to identify original articles reporting the detec-
tion rate of [68 Ga]Ga-DOTA-SSA PET/MRI for liver metastasis in comparison with PET/CT. The pooled detection rates 
for liver metastasis on PET/MRI and PET/CT were calculated and compared using a restricted maximum likelihood estima-
tion of random-effects model. The pooled added value of PET/MRI in comparison with PET/CT was calculated. Sensitivity 
analysis and subgroup analysis were performed to explore causes of study heterogeneity.
Results  In the six included studies (638 liver metastases), the pooled detection rates for liver metastasis on [68 Ga]Ga-DOTA-
SSA PET/MRI and PET/CT were 93.5% (95% confidence interval [CI], 85.1–97.3%; I2 = 84.8%) and 76.8% (95% CI, 64.8–
85.6%; I2 = 87.8%), respectively. PET/MRI had a significantly higher detection rate than PET/CT (p = 0.02), with 15.3% (95% 
CI, 8.0–27.4%) added value over PET/CT. After sensitivity analysis, the recalculated detection rates for liver metastasis were 
94.8% (95% CI, 90.8–97.2%; I2 = 42.1%) for PET/MRI and 80.0% (95% CI, 65.3–89.5%; I2 = 90.0%) for PET/CT. The study 
location and the use of predefined imaging criteria for liver metastasis were associated with PET/MRI study heterogeneity.
Conclusion  [68 Ga]Ga-DOTA-SSA PET/MRI had good overall performance for detecting liver metastasis in patients with 
NET. Because of the small number of eligible studies, further studies are needed to validate the clinical usefulness of [68 Ga]
Ga-DOTA-SSA PET/MRI.
Key Points 
• [68 Ga]Ga-DOTA-SSA PET/MRI had a higher pooled detection rate for liver metastasis than PET/CT (93.5% vs. 76.8%).
• The added value of [68 Ga]Ga-DOTA-SSA PET/MRI for detecting liver metastasis in comparison with PET/CT was 15.3%.
• Study location and the predefined imaging criteria for liver metastasis were significant factors causing PET/MRI study 

heterogeneity.
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Abbreviations
CI	� Confidence interval
HBP	� Hepatobiliary phase
NET	� Neuroendocrine tumor
PRISMA	� Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses
QUADAS	� Quality Assessment of Diagnostic Accuracy 

Studies
SSA	� Somatostatin analogue

Introduction

Positron emission tomography (PET) with the [68  Ga]
Ga-labeled somatostatin receptor (SSTR) tracers, such as 
DOTA-Tyr(3)-octreotide (DOTA-TOC), DOTA-Tyr(3)-
octreotate (DOTA-TATE), and DOTA-NaI(3)-octreotide 
(DOTA-NOC), is currently the preferred modality for func-
tional imaging of neuroendocrine tumor (NET) [1]. Most 
NETs demonstrate increased SSTR expression in both 
primary and metastatic lesions. Through targeting of the 
SSTRs present on the cell surface of neuroendocrine cells, 
[68 Ga]Ga-DOTA-labeled-somatostatin analogue ([68 Ga]
Ga-DOTA-SSA) PET provides high sensitivity and speci-
ficity for the diagnosis of well-differentiated NET, and 
leads to more accurate staging of NET and more appropri-
ate treatment planning [2, 3]. Given these benefits of [68 Ga]
Ga-DOTA-SSA PET, it is considered as a complementary 
imaging tool in patients with NET.

The most common organ for metastasis in patients with 
NET is the liver, with liver metastasis being observed in 
up to 85% of patients [4, 5]. Because liver metastasis is an 
important prognostic factor and is associated with markedly 
reduced survival in patients with NET [5, 6] (5-year overall 
survival rates are approximately 50% for patients with liver 
metastasis but 70–80% for those without liver metastasis), 
imaging workup for the correct diagnosis and localization 
of liver metastasis is essential. However, although [68 Ga]
Ga-DOTA-SSA PET has good diagnostic performance for 
detecting primary and metastatic NET lesions, its ability to 
detect liver metastasis may be limited because of the mod-
erately intense physiologic uptake in the liver resulting from 
nonspecific liver tissue handling of the [68 Ga]Ga-DOTA-
SSA, as well as the SSTR uptake of NET tumor cells [3]. 
Therefore, there is a need to improve the performance of 
[68 Ga]Ga-DOTA-SSA PET for detecting liver metastasis in 
patients with NET.

To overcome this limitation, [68 Ga]Ga-DOTA-SSA PET 
combined with cross-sectional imaging such as CT or MRI 
can be considered; the PET provides molecular and func-
tional information, and the cross-sectional imaging provides 
detailed anatomical information. Notably, of the available 
cross-sectional imaging modalities, many advances have 

recently been made in liver MRI, including the use of hepa-
tobiliary contrast agents and diffusion-weighted imaging, 
and published studies have reported improved diagnostic 
performance of liver MRI for detecting liver metastasis 
[7, 8]. Recently, with the introduction of combined [68 Ga]
Ga-DOTA-SSA PET and MRI, several studies have reported 
the performance of [68 Ga]Ga-DOTA-SSA PET/MRI for the 
detection of liver metastasis in patients with NET [9–12]. 
Although these studies generally agree on the advantage of 
[68 Ga]Ga-DOTA-SSA PET/MRI for the diagnosis of liver 
metastasis, the sample sizes of individual studies were rela-
tively small for determining the added value of PET/MRI in 
comparison with PET/CT, and the reported added value of 
PET/MRI is quite variable, i.e., 6.3–17.6% [9, 12]).

Therefore, we performed a systematic review and meta-
analysis with the aim of determining the diagnostic value of 
[68 Ga]Ga-DOTA-SSA PET/MRI for detecting liver metas-
tasis in patients with NET, and to compare it with [68 Ga]
Ga-DOTA-SSA PET/CT.

Methods

This systematic review and meta-analysis was performed 
in compliance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines 
[13]. The following literature search, study selection, data 
extraction, and study quality assessment were indepen-
dently conducted by two reviewers (S.H.C. and S.J.C.; 
both with ≥ 2 years of experience in performing system-
atic reviews and meta-analyses and ≥ 4 years of experi-
ence in liver MRI), and any disagreements were resolved 
in consensus.

Literature search strategy

A systematic search of MEDLINE, EMBASE, and Cochrane 
was performed to identify studies reporting the detection 
rate of [68 Ga]Ga-DOTA-SSA PET/MRI for liver metasta-
sis of neuroendocrine tumor and comparing it with that of 
[68 Ga]Ga-DOTA-SSA PET/CT. The search terms included 
“DOTA-TOC”, “DOTA-TATE”, “DOTA-NOC”, “PET”, 
“MRI”, and “neuroendocrine tumor”, and a detailed list of 
the search terms is provided in Supplementary Table 1. Our 
search was limited to articles in English published between 
1 January 2011 and 31 August 2021. The bibliographies 
of the identified articles were screened to search for other 
relevant articles.

Eligibility criteria

The inclusion criteria were as follows: (a) popula-
tion: patients who had suspected liver metastasis from 
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neuroendocrine tumor; (b) index test: [68 Ga]Ga-DOTA-SSA 
PET/MRI; (c) comparator: [68 Ga]Ga-DOTA-SSA PET/CT; 
(d) outcome: the detection rate of liver metastasis. Studies 
were excluded if they met any of the following criteria: (a) 
case reports, review articles, conference abstracts, editorials, 
letters, meta-analyses, and animal studies; (b) studies not 
relevant to the field of interest; (c) studies with overlapping 
patients and data.

Data extraction

The following data were recorded from the selected studies: 
(a) study characteristics: authors, published year, affiliation, 
country, study design; (b) subject characteristics: number of 
patients, age, and sex; (c) lesion characteristics: location of 
primary NET and number of liver metastases; (d) imaging 
techniques for [68 Ga]Ga-DOTA-SSA PET/MRI and PET/
CT; type of DOTA-SSA, DOTA-SSA precursor dose, use 
of contrast agent, magnetic field strength, images used for 
[68 Ga]Ga-DOTA-SSA PET/MRI fusion or PET/CT, and 
fusion method; (e) image interpretation: number of read-
ers, reader experience, characteristics, and use of predefined 
imaging criteria for liver metastasis; (f) reference standard: 
pathological or clinical diagnosis; (g) study outcome: detec-
tion rates of liver metastasis on [68 Ga]Ga-DOTA-SSA PET/
MRI and PET/CT.

Assessment of study quality

The methodologic quality of the studies was evaluated using 
the Quality Assessment of Diagnostic Accuracy Studies 2 
(QUADAS-2) criteria, including the risk of bias and the 
applicability of each study. The QUADAS-2 criteria con-
sist of four domains: patient selection, index test, reference 
standard, and flow and timing.

Data synthesis

The detection rate for liver metastasis was defined as the 
number of liver metastases detected by the index test (i.e., 
[68 Ga]Ga-DOTA-SSA PET/MRI or PET/CT) divided by the 
total number of liver metastases. To determine the pooled 
detection rate for liver metastasis, the inverse variance 
method was used to calculate weights, and the percentages 
and their 95% confidence interval (CI) were obtained using a 
restricted maximum likelihood estimation of random-effects 
model. The pooled added value of [68 Ga]Ga-DOTA-SSA 
PET/MRI for detecting liver metastasis in comparison with 
PET/CT was also calculated, with the added value being 
defined as the difference in the detection rate between 
[68 Ga]Ga-DOTA-SSA PET/MRI and PET/CT. Study het-
erogeneity was assessed using Higgins’ I2 statistic, with a 
value > 50% being considered to indicate the presence of 

substantial heterogeneity. To evaluate the causes of study 
heterogeneity, sensitivity analysis was performed by recal-
culating the pooled detection rate of liver metastasis after 
excluding each individual study.

In addition, subgroup analysis was performed using meta-
regression analysis including the following covariates: (a) 
study location (Europe vs. USA); (b) number of total liver 
metastases (> 100 vs. ≤ 100); (c) type of [68 Ga]Ga-DOTA-
SSA (DOTA-TOC vs. DOTA-NOC); (d) CT scan used for 
fusion (dynamic image vs. single phase image); (e) MRI 
used for fusion (3.0 T vs. 1.5 T); (f) MRI contrast agent 
(hepatobiliary contrast vs. extracellular contrast); (g) [68 Ga]
Ga-DOTA-SSA PET/MRI fusion method (simultaneous vs. 
retrospective); (h) reader characteristics (all radiologists vs. 
both radiologist and nuclear medicine physician); and (i) 
predefined imaging criteria for liver metastasis (used vs. not 
used).

Publication bias was evaluated using visual assessment 
of a funnel plot and Egger’s test (p < 0.05 indicating sig-
nificant bias). Statistical analyses were conducted using the 
“meta” and “metafor” packages in R software (version 3.4.1; 
R Foundation for Statistical Computing).

Results

Literature search

A total of 1226 articles were retrieved by the systematic 
search. Of these, 1203 articles were excluded after review-
ing the titles and abstracts, including 246 review articles, 
463 case reports, 11 scientific abstracts, 452 articles not in 
the field of interest, 16 meta-analyses, 8 articles concern-
ing animals, 6 articles regarding pediatric patients, and 1 
non-English article (Fig. 1). After full-text review, an addi-
tional 17 articles were excluded. Finally, 6 articles involving 
a total of 111 patients with 638 metastatic hepatic lesions 
were included in this study.

Study characteristics

The detailed characteristics of the six included studies are 
summarized in Table 1. All studies were performed pro-
spectively. The number of patients ranged from 8 to 30, and 
the number of hepatic metastases ranged from 16 to 187. 
The liver metastases were from abdominal neuroendocrine 
tumors except for one adrenal, two parotid, two pulmonary 
NETs, and four of unknown origin [9, 11, 12, 14].

Five studies used DOTA-TOC [9–12, 15] and one study 
used DOTA-NOC [14]. All six studies performed simulta-
neous PET/CT, whereas [68 Ga]Ga-DOTA-SSA PET/MRI 
was performed simultaneously in five studies [10–12, 14, 
15], with retrospective fusion of PET/MRI performed in 
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the remaining study [9]. In the study using retrospective 
fusion PET/MRI, the median interval between the PET/
CT and PET/MRI was 0.6 days (range, 0–6 days) [9]. For 
the CT image fusion, five studies used dynamic images [9, 
11, 12, 14, 15], whereas the other study used portal venous 
images only [10]. For the MRI image fusion, all six studies 
used dynamic images, and no study used arterial subtrac-
tion images. Five studies used 3.0-T MRI [10–12, 14, 15] 
and one study used 1.5-T MRI [9]. Regarding MRI contrast, 
four studies used a hepatobiliary contrast agent [9, 10, 14, 
15] and two studies used an extracellular fluid contrast agent 
[11, 12]. Image interpretation was performed by radiologists 
only in two studies, who analyzed both CT/MRI and nuclear 
imaging [11, 15], and by both radiologists and nuclear medi-
cine physicians in four studies [9, 10, 12, 14]. Five studies 
used predefined imaging criteria for liver metastasis such as 
3- to 5-point scales for lesion characteristics/diagnostic con-
fidence or specific imaging features for liver metastasis on 
PET/CT or PET/MRI [9, 11, 12, 14, 15], whereas the other 
study was unclear about how liver metastasis was defined 
on CT/MRI (Supplementary Table 2) [10]. Regarding the 
reference standard for NET liver metastasis, a composite 
standard of reference for NET liver metastasis was used in 
four studies [9, 11, 12, 14], imaging follow-up was used in 
one study [15], and the remaining study was unclear about 
how liver metastasis was determined [10].

Study quality according to QUADAS‑2

Of the four domains assessed, a high risk of bias was most 
frequently noted in the flow and timing domain, because 
patients did not receive the same reference standard in three 
studies [9, 11, 12] and information about the reference 
standard was unavailable in one study [10] (Supplementary 
Fig. 1). In the reference standard domain, all six studies were 
unclear as to whether the reference standard results were 
interpreted without knowledge of the results of the index test 
[9–12, 14, 15], and the reference standard used to correctly 
classify the target condition was unclear in three studies [10, 
14, 15]. In the index test domain, three studies were unclear 
about whether the index test results were interpreted with-
out knowledge of the results of the reference standard [9, 
10, 12]. In the patient selection domain, two studies had an 
unclear risk of bias because they were unclear as to whether 
patients were consecutively enrolled or not [10, 12].

Detection rates for liver metastasis on [68 Ga]
Ga‑DOTA‑SSA PET/MRI and PET/CT

The detection rates for liver metastasis of the individual 
studies ranged from 76.2% to 100% on [68 Ga]Ga-DOTA-
SSA PET/MRI, and 56.6% to 93.7% on PET/CT (Table 2). 

Records after duplication publication  
removed (n = 1226)

Records identified through 
PubMed MEDLINE searching

(n = 996)

Records identified through 
EMBASE searching

(n = 1189)

Records excluded (n = 1203)
- 720 case reports, review 

articles, editorial, or scientific abstracts
- 452 articles not within the field of 

interest of this study
- 16 meta-analysis or systematic review
- 8 animal studies
- 6 studies for pediatric patients
- 1 non-English article

Full-text articles assessed for eligibility 
(n = 23)

Records sequentially excluded (n = 17)
- 15 articles not within the field of 

interest of this study
- 2 articles with insufficient information to 

calculate detection rate for liver 
metastasis

Articles included in analysis (n = 6)

Records identified through 
Cochrane searching

(n = 18)

Fig. 1   PRISMA flow diagram of the article selection process
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The pooled detection rate for liver metastasis on PET/MRI 
was 93.5% (95% CI, 85.1–97.3%; Fig. 2), which was higher 
than that of 76.8% (95% CI, 64.8–85.6%; Fig. 2) on PET/
CT. Compared with PET/CT, PET/MRI had 15.3% (95% 
CI, 8.0–27.4%) added value for detecting liver metastasis, 
with a significant difference between PET/MRI and PET/
CT (p = 0.02). Substantial study heterogeneity was noted for 
both PET/MRI (I2 = 84.8%) and PET/CT (I2 = 87.8%).

The results of the sensitivity analysis are summarized in 
Supplementary Table 3. When the study of Hope et al. was 
excluded, no substantial study heterogeneity was noted for 
PET/MRI (I2 < 50%), whereas substantial study heteroge-
neity remained for PET/CT (I2 = 90.0%). The recalculated 
detection rates for liver metastasis were 94.8% (95% CI, 

90.8–97.2%) for PET/MRI and 80.0% (95% CI, 65.3–89.5%) 
for PET/CT.

False‑positive results on [68 Ga]Ga‑DOTA‑SSA PET/MRI 
and PET/CT

Of the six included studies, three studies reported the false-
positive results on PET/MRI and PET/CT. No false-posi-
tive result was noted on PET/MRI in two studies [11, 14], 
whereas three false-positive results were noted in one study 
[9]. No false-positive result was noted on PET/CT in one 
study [14], whereas one and eight were noted in the other 
two studies [9, 11]. Therefore, the specificity ranged from 
95.6% to 100% on PET/MRI and 88.2% to 100% on PET/CT.

Table 2   Detection rates of liver 
metastasis on [68 Ga]Ga-DOTA-
labeled somatostatin analogue 
PET/MRI and PET/CT

Articles are listed according to year of publication
PET, positron emission tomography; CT, computed tomography; MRI, magnetic resonance imaging; CI, 
confidence interval

First author Total number of 
liver metastases

Detection rate on PET/
MRI, % (95% CI)

Detection rate on 
PET/CT, % (95% 
CI)

Schreiter et al. (2012) 181 91.1% (86.0, 94.8) 73.5% (66.4, 79.7)
Beiderwellen et al. (2013) 16 100% (79.6, 100) 93.7% (69.7, 99.8)
Hope et al. (2015) 101 76.2% (66.7, 84.1) 64.4% (54.2, 73.6)
Berzaczy D et al. (2017) 83 100% (80.5, 100) 92.8 (84.8, 96.9)
Sawicki et al. (2017) 70 95.7% (87.9, 99.1) 81.4% (70.3, 89.7)
Jawlakh H et al. (2021) 187 95.7% (91.7, 98.0) 56.6% (49.5, 63.6)
Meta-analytic summary estimates 93.5% (85.1, 97.3) 76.8% (64.8, 85.6)
Higgins I2 statistics 84.8% 87.8%

Fig. 2   Forest plot of the detec-
tion rate for liver metastasis on 
[68 Ga]Ga-DOTA-SSA PET/
MRI and PET/CT

68Ga-DOTA-SSA PET/CT 

68Ga-DOTA-SSA PET/MRI 
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Subgroup analysis

The results of subgroup analyses are summarized in Table 3. 
Study location and predefined imaging criteria for liver 
metastasis were significantly associated with the study 
heterogeneity affecting PET/MRI (p < 0.01). Studies from 
Europe and studies that used predefined imaging criteria for 
liver metastasis had a significantly higher pooled detection 
rate (94.8% vs. 76.2%) for liver metastasis than the study 
from America and the study with unclear imaging criteria. 
Regarding PET/CT, the total number of liver metastases 
and the type of [68 Ga]Ga-DOTA-SSA were significantly 
associated with study heterogeneity (p ≤ 0.02). Studies that 
included more than 100 liver metastases showed a lower 
detection rate than those that included less than 100 liver 
metastases (65.1% vs. 88.8%). PET/CT with DOTA-TOC 
had a lower detection rate than that with DOTA-NOC 
(71.1% vs. 92.8%).

Publication bias

There was no significant publication bias associated with 
either [68 Ga]Ga-DOTA-SSA PET/MRI (p = 0.23; Sup-
plementary Fig. 2A) or PET/CT (p = 0.07; Supplementary 
Fig. 2B).

Discussion

Our meta-analysis found that [68 Ga]Ga-DOTA-SSA PET/
MRI had a high overall detection rate for liver metastasis in 
patients with NET (93.5%, [95% CI, 85.1–97.3%]). Com-
pared with PET/CT, the detection rate for liver metastasis 
in PET/MRI was significantly higher (93.5% vs. 76.8%), 
indicating that PET/MRI has 15.3% added value (p = 0.02). 
Because our meta-analysis included a relatively large num-
ber of liver metastases, the meta-analytic pooled estimation 
would be more powerful and relevant.

Previous literature generally agrees that [68  Ga]
Ga-DOTA-SSA PET/MRI has better diagnostic perfor-
mance for detecting liver metastasis than PET/CT [9–12], 
but the reported added values of PET/MRI are quite vari-
able. Our meta-analysis found 15.3% added value for [68 Ga]
Ga-DOTA-SSA PET/MRI in comparison with PET/CT. 
The higher detection rate for liver metastasis on [68 Ga]
Ga-DOTA-SSA PET/MRI than on PET/CT found in our 
meta-analysis is in line with the results of previous studies, 
which reported that contrast-enhanced MRI had higher sen-
sitivity for detecting liver metastasis than contrast-enhanced 
CT (95.2% vs. 78.5%) [16]. Generally, dynamic CT or MRI 
sequences are valuable for detecting liver metastasis from 
NET, because most liver metastases in patients with NET 

Table 3   Results of meta-regression analysis of [68 Ga]Ga-DOTA-labeled-somatostatin analogue PET/MRI and PET/CT for the detection of liver 
metastasis

PET, positron emission tomography; CT, computed tomography; MRI, magnetic resonance imaging; CI, confidence interval; NM, nuclear medi-
cine; SSA, somatostatin analogue

Pooled detection rate
%, (95% CI)

Pooled detection rate
% (95% CI)

Covariates Subgroup PET/MRI p value PET/CT p value

Study location Europe (n = 5) 94.8% (90.7, 97.2)  < 0.01 80.0% (65.3, 89.5) 0.41
USA (n = 1) 76.2% (66.9, 83.5) 64.3% (54.5, 73.0)

Total number of liver metastases  > 100 (n = 3) 89.8% (74.8, 96.3) 0.12 65.1% (54.0, 74.8)  < 0.01
 ≤ 100 (n = 3) 96.8% (91.8, 98.8) 88.8% (76.8, 95.0)

Type of [68 Ga]Ga-DOTA-SSA DOTA-TOC (n = 5) 92.1% (82.3, 96.7) 0.12 71.1% (59.9, 80.2) 0.02
DOTA-NOC (n = 1) 99.7% (91.2, 100.0) 92.8% (84.8, 96.7)

CT for fusion Dynamic image (n = 5) - - 80.0% (65.3, 89.5) 0.41
Single phase image (n = 1) - - 64.3% (54.5, 73.0)

MRI for fusion 3.0 T (n = 5) 94.7% (82.5, 98.5) 0.70 - -
1.5 T (n = 1) 91.1% (86.0, 94.5) - -

MRI contrast agent Hepatobiliary contrast agent (n = 4) 92.3% (80.0, 97.3) 0.51 - -
Extracellular contrast agent (n = 2) 95.9% (89.0, 98.6) - -

PET/MRI fusion method Simultaneous (n = 5) 94.7% (82.5, 98.5) 0.70 - -
Retrospective fusion (n = 1) 91.1% (86.0, 94.5) - -

Reader characteristics All radiologists or all hybrid imaging 
readers (n = 2)

95.7% (92.4, 97.6) 0.41 70.0% (41.6, 88.4) 0.42

Radiologist and NM physician (n = 4) 91.4% (76.9, 97.2) 80.9% (65.9, 90.2)
Predefined imaging criteria for 

liver metastasis
Used (n = 5) 94.8% (90.7, 97.2)  < 0.01 80.0% (65.3, 89.5) 0.41
Not used (n = 1) 76.2% (66.9, 83.5) 64.3% (54.5, 73.0)
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show hypervascularity on arterial phase imaging [17] 18. 
However, recent technical advances, including diffusion-
weighted imaging (DWI) and hepatobiliary phase (HBP) 
imaging using a hepatobiliary contrast agent, have led to 
improved diagnostic performance of MRI in the detection of 
liver metastasis [7, 19]. Notably, because DWI may visual-
ize small sub-centimeter liver lesions below the resolution 
limit of PET/CT, and those lesions that lack sufficient SSTR 
expression [20], combined DWI and HBP can lead to the 
best performance for detecting liver metastasis in patients 
with NET (86% sensitivity and 94% specificity by Hayoz 
et al.) [21]. Therefore, the higher detection rate for liver 
metastasis on [68 Ga]Ga-DOTA-SSA PET/MRI in com-
parison with PET/CT can be explained by the high lesion-
to-liver conspicuity of HBP and the detection of additional 
small lesions on DWI. Generally, as increasing the sensitiv-
ity of a diagnostic test comes at the expense of the specific-
ity [22], the high detection rate of PET/MRI may be due to 
false-positive results. Although the specificities of PET/MRI 
in three available studies were high overall at 95.6–100%, 
our results might have limitations for determining the perfor-
mance of PET/MRI because of incomplete pathological ref-
erence standards, i.e., four studies used imaging follow-up as 
well as pathology as a reference standard for liver metastasis.

Sensitivity analysis indicated that the study of Hope et al. 
was the cause of PET/MRI study heterogeneity. This study 
had a relatively high proportion of lesions smaller than 1 cm, 
i.e., 62.4% in Hope et al. vs. 37.0% in Schreiter et al. Given 
that small liver metastases show low radiotracer activity on 
PET and low lesion conspicuity on MRI [9, 10], the lower 
detection rate for liver metastasis in this study is understand-
able. In addition, the detection rates for liver metastasis on 
[68  Ga]Ga-DOTA-SSA PET/MRI differed significantly 
according to study location (Europe vs. North America) and 
the use of predefined imaging criteria for liver metastasis. 
Because all five studies from Europe used predefined imag-
ing criteria for liver metastasis (whereas the one study from 
North America did not use them) and there was no over-
all difference in demographic characteristics (i.e., patient 
number or age) between the two study locations (Europe vs. 
North America), the use of predefined imaging criteria for 
liver metastasis, which can affect the diagnostic accuracy of 
the index test [23], would appear be a reasonable explanation 
for the different detection rates of [68 Ga]Ga-DOTA-SSA 
PET/MRI between the two study locations. Considering our 
results from both sensitivity analysis and subgroup analysis, 
the 94.8% detection rate can be regarded as a general sum-
mary estimate of PET/MRI.

In our subgroup analysis, there was no significantly dif-
ferent detection rate for liver metastasis between [68 Ga]
Ga-DOTA-SSA PET/MRI with hepatobiliary contrast and 
that with extracellular contrast (92.3% vs. 95.9%, p = 0.51). 
After the study of Hope et al. was excluded in the sensitivity 

analysis, the recalculated detection rate was similar (94.8% 
vs. 95.9%, p = 0.68). However, our results differ from those 
of a previous study that reported that PET/MRI with a 
hepatobiliary contrast agent increased the detection of liver 
metastasis on HBP images [24]. Because of the small num-
ber of eligible studies, the results of our study are limited 
for determining whether the diagnostic performance of PET/
MRI can be improved by the use of hepatobiliary contrast 
agents, and further study is needed to validate this.

Five studies obtained PET/MRI using simultaneous 
acquisitions, whereas the remaining study obtained PET/
MRI by a retrospective fusion of PET images with MRI. 
Compared with simultaneous acquisition, retrospective 
fusion has the advantages of reducing the cost for new tech-
nology or having no need for prepared imaging protocols 
[25]. However, in spite of no significantly different detection 
rates for liver metastasis between the two fusion methods in 
our meta-analysis, a retrospective fusion may be particularly 
challenging in the case of different patient positions, various 
scanners, or anatomic complexity. These limitations can be 
mitigated by simultaneous acquisition because it is free from 
the problems of misalignment or local misregistration [26].

Our study has several limitations. First, although we 
robustly investigated the eligible studies through a system-
atic review (approximately 1200 articles), the comparison 
between [68 Ga]Ga-DOTA-SSA PET/MRI and PET/CT may 
be statistically underpowered because of the small number 
of included studies. Furthermore, no significantly different 
detection rate was found between [68 Ga]Ga-DOTA-TOC 
and [68 Ga]Ga-DOTA-NOC PET/MRIs, whereas [68 Ga]
Ga-DOTA-NOC PET/CT had a significantly higher detec-
tion rate than [68 Ga]Ga-DOTA-TOC PET/CT. Considering 
that the affinity for SSTR subtypes differs according to the 
type of tracer, i.e., [68 Ga]Ga-DOTA-TATE has high affin-
ity for SSTR subtype 2, [68 Ga]Ga-DOTA-TOC for SSTR 
subtypes 2 and 5, and [68 Ga]Ga-DOTA-NOC for SSTR 
subtypes 2, 3, and 5 [3], the broad SSTR binding profile of 
[68 Ga]Ga-DOTA-NOC might lead to the better performance 
in the detection of liver metastasis [27]. However, only one 
[68 Ga]Ga-DOTA-NOC PET/CT study was available in our 
meta-analysis, which was not sufficient to compare perfor-
mance between the two tracers. Further studies with a large 
sample size are needed to compare the diagnostic perfor-
mance of PET/MRI with that of PET/CT. Second, substan-
tial study heterogeneity was noted in both PET/MRI and 
PET/CT. To minimize the effect of study heterogeneity, we 
robustly performed sensitivity and subgroup analyses and 
identified factors associated with study heterogeneity. How-
ever, as our meta-analysis could not analyze the effect of fac-
tors on study heterogeneity at the patient level, the result of 
sensitivity and subgroup analyses may have a limitation, and 
future individual patient data meta-analysis is needed to ana-
lyze all possible interactions. Third, because we focused on 
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the diagnostic value of [68 Ga]Ga-DOTA-SSA PET/MRI for 
detecting liver metastasis in patients with NET, we could not 
determine the impact of [68 Ga]Ga-DOTA-SSA PET/MRI on 
patient management, i.e., changes to their treatment strategy. 
As [68 Ga]Ga-DOTA-SSA PET/CT altered management in 
19–71% of patients with NET by detecting more lesions and 
more involved organs [3, 28], the additional detection rate 
of [68 Ga]Ga-DOTA-SSA PET/MRI for liver metastasis may 
have an impact on treatment plans. However, because of a 
lack of evidence for the impact of [68 Ga]Ga-DOTA-SSA 
PET/MRI on patient management, future study is needed.

In conclusion, [68  Ga]Ga-DOTA-SSA PET/MRI had 
overall good performance for detecting liver metastasis in 
patients with NET, and had 15.3% added value in compari-
son with PET/CT. Therefore, [68 Ga]Ga-DOTA-SSA PET/
MRI may be clinically useful for detecting liver metastasis in 
patients with NET. Although it can be considered as a diag-
nostic tool for liver metastasis, further studies are needed to 
validate its clinical usefulness because of the small number 
of eligible studies and a lack of evidence for the impact of 
PET/MRI on patient management.
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