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Simple Summary: Neuroendocrine neoplasms (NENs) are relatively rare neoplasms, but their in-
cidence is rising. Despite the recent understanding of and advances in the treatment of NENs, the
clinical outcomes of patients with NENs, especially high-grade NENs, are poor. This meta-analysis
was conducted to systematically evaluate the effectiveness of immune checkpoint inhibitors (ICIs)
in patients with advanced or metastatic NENs. In 10 studies with 464 patients, the pooled overall
response rate was 15.5% (95% confidence interval, 9.5–24.3%), but the response differed according to
the primary tumor site, tumor differentiation, and drug regimen. Poorly differentiated NENs consis-
tently showed a better overall response rate than well-differentiated NENs in multiple sensitivity
analyses, suggesting that different expression of immune checkpoints and tumor mutational burden
may influence the treatment efficacy of ICIs for advanced or metastatic NENs. The variation in
treatment efficacy of ICIs according to tumor differentiation and drug regimen should be considered
for patient-tailored management.

Abstract: We performed a systematic review and meta-analysis of the treatment efficacy of immune
checkpoint inhibitors (ICIs) in advanced/metastatic neuroendocrine neoplasms (NENs). MEDLINE
and EMBASE were searched to identify studies that provide data on treatment response and/or
survival outcomes of advanced/metastatic NEN patients treated with ICIs. The overall response
rate (ORR) was pooled using a random-effects model. Meta-regression was performed to explore
factors influencing the ORR. Individual patient data (IPD) meta-analysis of survival was performed
using stratified Cox regression. Ten studies (464 patients) were included. The overall pooled ORR
was 15.5% (95% confidence interval (CI), 9.5–24.3%), and it varied according to the primary site
(thoracic, 24.7%; gastro–entero–pancreatic, 9.5%), tumor differentiation (poorly differentiated, 22.7%;
well-differentiated, 10.4%), and drug regimen (combination, 25.3%; monotherapy, 10.1%). All these
variables significantly influenced the ORR. Tumor differentiation was associated with both overall
survival and progression-free survival (hazard ratio of poorly differentiated tumors, 4.2 (95% CI, 2.0–
8.7) and 2.6 (95% CI, 1.6–4.4), respectively). Thus, the treatment efficacy of ICIs for advanced/metastatic
NENs varied according to primary site, tumor differentiation, and drug regimen. Poorly differentiated
NENs showed a better ORR than well-differentiated NENs but had a negative impact on survival.
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1. Introduction

Neuroendocrine neoplasms (NENs) represent a heterogeneous group of tumors origi-
nating from the neuroendocrine cells of various organs [1]. The behavior and prognosis
of NENs are highly variable and depend on the site of origin, tumor grade, and differen-
tiation [2]. Although NENs are relatively uncommon tumors, recent reports have shown
that their incidence and prevalence are growing worldwide [3–5]. For patients with ad-
vanced/metastatic NENs, systemic therapy is the only available treatment option. The
recommended regimens include sunitinib, everolimus, somatostatin analogue, peptide
receptor radionuclide therapy, and cytotoxic chemotherapy [6–8]. Despite recent progress
in the understanding of the pathophysiology and molecular biology, as well as advances in
treatment strategies for NENs [9–11], the clinical outcomes for individuals with high-grade
NENs are poor, with a reported median overall survival (OS) of 11 months and median
progression-free survival (PFS) of 4 months for patients with poorly differentiated (PD)
neuroendocrine carcinoma (NEC) [12,13].

Immune checkpoint inhibitors (ICIs) have made great breakthroughs in cancer therapy
and have gained approval for the treatment of various types of cancer [8,14]. In the case
of NENs, ICIs were approved for two distinct tumor types: Merkel cell carcinoma and
small cell lung cancer [15–18], both of which have high tumor mutational burden (TMB)
and environmental causes of immunogenicity [19]. For other NENs, several early phase
trials and clinical studies have evaluated the efficacy of ICIs and given us a preliminary
understanding of their role. To date, however, no attempt has been made to generate an
evidence-based comprehensive summary of these agents from the scattered individual
studies. We thus conducted this systematic review and meta-analysis of the antitumor
activity and clinical outcomes of ICI-treated advanced or metastatic NEN patients using
currently available published data, which may help further characterize and guide future
studies on the role of ICIs in the treatment of NENs.

2. Materials and Methods
2.1. Search Strategy

The study was performed in accordance with the standard guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [20] and PRISMA for
Individual Patient Data systematic reviews (PRISMA-IPD) [21]. This study was registered
in OSF Registries (osf.io/3tgd4). A comprehensive search of MEDLINE and EMBASE was
conducted by two reviewers (E.J.P. and H.J.P.) independently to identify relevant studies
published before 1 April 2021. The detailed search strategy is shown in Table S1. The search
was limited to human subjects and English-language studies.

2.2. Eligibility Criteria

The studies identified from the two databases were combined and duplicate studies
were removed from the list. Titles and abstracts were screened for relevance. The relevant
full texts were meticulously evaluated for compliance with the inclusion criteria listed below.
To expand the search, the bibliographies were also screened for potentially suitable studies.
Two reviewers (E.J.P. and H.J.P.) independently selected the studies, and disagreements,
if any, were resolved by discussion. Based on the population, intervention, comparison,
outcome, study design (PICOS) approach [22], studies fulfilling the following criteria were
included: (a) population: patients diagnosed with NENs; (b) intervention: NEN patients
treated with ICIs; (c) outcomes: treatment responses or survival endpoints (OS and/or
PFS) assessed using Response Evaluation Criteria In Solid Tumors (RECIST) 1.1 [23]; and
(d) study design: clinical trials and observational studies (prospective or retrospective).
The exclusion criteria were: (a) case reports, reviews, letters, editorials, and conference
abstracts; (b) no study of ICI treatment in NEN patients; (c) studies with insufficient
response assessment data; (d) studies with cohort overlap. For studies with overlapping
cohort, the study with the longest follow-up was selected.
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2.3. Data Extraction

Two reviewers (E.J.P. and H.J.P.) independently extracted the relevant data from the
included studies, and disagreements, if any, were resolved by discussion. The following
data were extracted: (a) study characteristics, including authors, year of publication, and
study design; (b) demographic and clinical characteristics of the patients, including sample
size, types of administered ICI, primary tumor site, and tumor grade and/or differentiation
according to the most recent World Health Organization (WHO) classification systems per
site [10,24–26]; (c) overall response rate (ORR) based on RECIST 1.1; (d) OS and PFS based
on RECIST 1.1 [27,28]. The IPD for the OS and PFS was reconstructed by extracting the
data from the given Kaplan–Meier curves using a digital software (WebPlotDigitizer v 4.5,
https://automeris.io/WebPlotDigitizer, accessed on 12 October 2021) in accordance with
the method proposed by Guyot et al. [29]. At all times, we used the endpoint definitions
and analyses reported by authors and made no attempts to reclassify or recalculate the
values published in the original reports.

2.4. Definition of Endpoints for Treatment Efficacy

Endpoints were defined in accordance with guidelines published by the United States
Food and Drug Administration [28]. As a response-related endpoint, the ORR, a direct
measure of the tumoricidal effects of a treatment, was defined as the proportion of patients
showing a complete or partial response per RECIST 1.1. OS and PFS were used as survival
endpoints. OS was defined as the time from treatment initiation to death from any cause.
PFS was defined as the time from treatment initiation to progressive disease (according
to RECIST 1.1) or to death from any cause. Patients were considered censored for a given
endpoint if they did not experience this endpoint during their follow-up period.

2.5. Quality Assessment

Two reviewers (E.J.P. and H.J.P.) independently reviewed the risk of bias and method-
ologic quality of the included studies. The Risk of Bias In Non-randomized Studies of
Interventions (ROBINS-I) tool [30] was used. Any discrepancy was resolved by discussion.

2.6. Statistical Analysis

For pooling the ORR, considering the characteristics of the study patients and the treat-
ment differed between studies, we used the random-effects model with inverse-variance
weighting to generate the summary estimate of the magnitude of effect. DerSimonian–Laird
random-effect models [31] were constructed to synthesize the pooled ORR with 95% confi-
dence intervals (CIs). The heterogeneity between studies was assessed with I2 statistics and
a Cochran Q test. An I2 > 50% or p < 0.1 in the Q test indicated substantial heterogeneity [32].
The publication bias was estimated using funnel plots and Begg’s test [33].

Subgroup analyses were performed to calculate the pooled ORR of each group of
primary tumor site (i.e., thoracic [lung or thymus origin] or gastro–entero–pancreatic
[GEP]), tumor differentiation (well-differentiated [WD] or PD), and drug regimen (ICI
monotherapy or combinations of ICIs). Grade 3 neuroendocrine tumors (NETs) were
included in the WD tumor group. Meta-regression analysis was performed to identify
influencing factors for the ORR.

With regard to survival outcomes, using the reconstructed IPD, the OS and PFS were
calculated using the Kaplan–Meier method. The influence of the primary tumor site, tumor
differentiation, and drug regimen on the OS and PFS was assessed using one-stage stratified
Cox proportional-hazard regression analysis to account for clustering at the level of each
study [34]. Statistical analyses were performed with R, version 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria).

https://automeris.io/WebPlotDigitizer
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3. Results
3.1. Study Search and Characteristics

The study search process is outlined in Figure 1. The characteristics of the 10 included
studies [19,35–43], which involved a total of 464 NEN patients, are summarized in Table 1.
Seven of these studies were nonrandomized clinical trials (two phase I studies and five
phase II studies), and three were retrospective studies. Two studies included only large-
cell NECs (LCNECs) of the lung. The remaining eight studies included NENs of various
primary sites, including the lung, pancreas, and gastrointestinal tract. All studies included
patients with advanced or metastatic NENs, and six studies specified that the patients
had progressed during previous systemic treatment(s). Two studies included only PD
tumors (large-cell NEC of the lung), two included only WD tumors, and six included
both. The ICI regimens varied between studies; six studies involved ICI monotherapy
(three with pembrolizumab, one with nivolumab or pembrolizumab, one with toripalimab,
and one with spartalizumab) only, two studies reported on an ICI combination therapy
(ipilimumab and nivolumab) only, and two studies described both ICI monotherapy and
combination therapy.

Figure 1. Flow diagram of the study selection. ICI, immune checkpoint inhibitors; NEN, neuroen-
docrine neoplasm.

According to the ROBINS-I tool, the risk of bias for overall risk of bias for the included
studies was low in seven studies and moderate in three studies (Figure S1).

3.2. Meta-Analysis
3.2.1. Response-Related Endpoint

The pooled estimates of the ORR are shown in Figure 2. The pooled ORR of the
included studies was 15.5% (95% CI, 9.5–24.3%) (Figure 2A). Visual inspection of the funnel
plot revealed no asymmetry when pooling the ORR across all studies (Figure S2), and no
significant publication bias was evident according to Begg’s test (p = 0.79). Heterogeneity
was present in pooling the ORR from all studies (I2 = 72%). When classified by primary
tumor site (Figure 2B), the pooled ORRs were 9.5% (95% CI, 4.5–19.2%) in the GEP group
and 24.7% (95% CI, 16.1–36.1%) in the thoracic group. The pooled ORRs of pancreatic
NENs and gastrointestinal (GI) NENs were 11.4% (95% CI, 4.6–25.6%) and 9.0% (95% CI,
4.4–17.6%), respectively. Based on tumor differentiation (Figure 2C), the pooled ORR of
the WD group was 10.4% (95% CI, 5.5–18.6%), while that of the PD group was higher
(22.7%; 95% CI, 14.8–33.0%). The pooled ORR of the monotherapy group was 10.1% (95%
CI, 5.0–19.3%), and that of the combination therapy group was 25.3% (95% CI, 17.1–35.7%)
(Figure 2D).



Cancers 2022, 14, 794 5 of 16

Table 1. Characteristics of the studies included in the meta-analysis.

Author (Year) Design Sample
Size * Primary Site Grade/

Differentiation

Prior
Systemic
Therapy

Details of Prior
Systemic
Therapy

Disease State ICI Regimen Follow-Up †

(Months)

Klein (2020) Phase 2
Clinical Trial 29 Lung, thymus, GI,

prostate, unknown

WD or PD
(Low [n = 3],

intermediate [n = 13],
high [n = 13])

89.7%

Chemotherapy
86% (plat-

inum/etoposide
or temozolo-

mide/capecitabine)

Advanced or
metastatic

Ipilimumab +
nivolumab Up to 26

Lu (2020) Phase 1b
Clinical Trial 40 Pancreas, GI WD (n = 8),

PD (n = 32) 100% PRRT 21%
Metastatic, Ki-67 ≥
10%, PD on prior

therapy
Toripalimab Up to 24

Mehnert (2020) Phase 1b
Clinical Trial 41 Pancreas, lung,

GI, others WD 70.7% Everolimus 7%
Advanced or

metastatic, PD on
prior therapy

Pembrolizumab Up to 24

Patel (2020) Phase 2
Clinical Trial 32

Lung, thymus,
GI, cervix,

prostate, unknown

WD or PD
(low [n = 4],

intermediate [n = 10],
high [n = 18])

100% Sunitinib 7%
PD on prior therapy

and no available
standard therapy

Ipilimumab +
nivolumab Up to 15

Sherman (2020) Retrospective 18 Lung Large cell NEC NA Pembrolizumab
3% Advanced

Monotherapy
(nivolumab,

pembrolizumab,
atezolizumab, or
durvalumab) or

Combination
(nivolumab +
Ipilimumab)

6.2

Shirasawa (2020) Retrospective 13 Lung Large cell NEC NA NA Advanced or
metastatic

Nivolumab or
pembrolizumab NA

Strosberg (2020) Phase 2
Clinical Trial 107 Lung, pancreas, GI,

liver, ovary, unknown WD 97.2% Chemotherapy
65.9%

Mostly metastatic
(106/107), PD on

prior therapy
Pembrolizumab 24.2

Vijayvergia (2020) Phase 2
Clinical Trial 29 Thymus, pancreas,

GI, kidney Grade 3 WD or PD 100% Everolimus
31.7%

Advanced or
metastatic, PD on

prior therapy
Pembrolizumab Up to 36
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Table 1. Cont.

Author (Year) Design Sample
Size * Primary Site Grade/

Differentiation

Prior
Systemic
Therapy

Details of Prior
Systemic
Therapy

Disease State ICI Regimen Follow-Up †

(Months)

Yao (2021) Phase 2
Clinical Trial 116

Lung, thymus,
pancreas, GI,

gallbladder, unknown

WD (n = 95),
PD (n = 21) 100% Somatostatin

analogues 29.3%
Metastatic, PD on

prior therapy Spartalizumab 13.4

Gile (2021) Retrospective 39

Pancreas, GI,
head and neck,
bladder, uterus,

gallbladder, unknown

WD (n = 7),
PD (n = 32) NA Sunitinib 9.8% Metastatic (81%)

Monotherapy
(pem-

brolizumab,
Nivolumab, or
atezolizumab)

or
Combination
(nivolumab +
ipilimumab)

NEC, 10.7;
NET, 79.8

* Number of patients treated with an ICI-based regimen whose tumor responses were evaluable according to RECIST 1.1; † Unless otherwise indicated, data are expressed as the median
value; GI, gastrointestinal; ICI, immune checkpoint inhibitor; NA; not available; NEC, neuroendocrine carcinoma; NET, neuroendocrine tumor; PD, poorly differentiated; PRRT, peptide
receptor radionuclide therapy; WD, well-differentiated.
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Figure 2. Cont.
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Figure 2. Forest plots showing the pooled estimate of the overall response ratio of (A) all studies,
and of subgroups stratified by (B) the primary site, (C) tumor differentiation, and (D) drug regimen.
The pooled overall response rate was 15.5% for all studies (A), 9.5% in the GEP group and 24.7%
in the thoracic group (B), 10.4% in the WD group and 22.7% in the PD group (C), and 10.1% in
monotherapy group and 25.3% in combination therapy group (D). CI, confidence interval; GEP,
gastro–entero–pancreatic; PD, poorly differentiated; WD, well-differentiated.

Although the heterogeneity between studies decreased when pooling the ORR of each
subgroup, it still existed in the GEP (I2 = 63%) and monotherapy group (I2 = 70%), which
may be attributable to the presence of both PD and WD tumors in the same group. In
addition, Klein’s study [36] reported an ORR of 40.0% for GEP tumors, far higher than
any of the other studies (ranging from 4.8 to 15.6%). Patients included in Klein’s study
were treated with combination ICI therapy (nivolumab and ipilimumab), whereas patients
in the other studies were mostly treated with monotherapy. In the monotherapy group,
studies by Lu [37] and Shirasawa [41] reported higher values for the ORR (20.0 and 38.5%,
respectively) than the others (less than 9.8%). In Lu’s study, patients were eligible for
inclusion if they had NEN with a high ki-67 index (≥10%). Shirasawa’s study included
LCNEC of the lung only and was of the retrospective design. Marginal heterogeneity was
noted in the WD group (I2 = 52%). There was no heterogeneity between the studies in the
thoracic group, PD group, and the combination therapy group (I2 = 0%).

In the meta regression, multivariate analysis using the primary tumor site, tumor
differentiation, and drug regimen as input variables revealed that all are significantly
associated with the ORR. Thoracic tumors (OR, 2.6 (95% CI, 1.2–5.7)), PD tumors (OR,
2.6 [95% CI, 1.1–6.1]), and combination therapy (OR, 4.5 (95% CI, 1.9–10.3)) were associated
with a higher ORR (Table 2).

We performed sensitivity analyses to compare the pooled ORR values for the PD and
WD tumors according to the primary tumor site (Figure 3) and drug regimen (Figure 4). In
the GEP group, the PD tumors showed a pooled ORR of 13.2% (95% CI, 2.2–50.0%), which
was 7.4% (95% CI, 2.4–20.6%) for the WD tumors. In the thoracic group, the pooled ORRs
were 34.2% (95% CI, 20.3–51.6%) in the PD tumors and 16.3% (95% CI, 8.7–28.6%) in the WD
tumors. According to the drug regimen, the pooled ORR was higher in PD tumors than in
WD tumors in both the monotherapy group (14.7% (95% CI, 6.1–31.4%) in PD tumors and
8.7% (95% CI, 4.7–15.6%) in WD tumors) and combination therapy group (25.1% (95% CI,
13.6–41.7%) in PD tumors and 14.0% (95% CI, 1.8–58.7%) in WD tumors).
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Table 2. Meta-regression analysis of the overall response rate.

Variables Pooled ORR (95% CI)
Univariate Analysis Multivariate Analysis

OR (95% CI) p Value OR (95% CI) p Value

Overall (n = 426) 15.5% (9.5–24.3%) - -

Primary site 0.13 0.02
GEP (n = 266) 9.5% (4.5–19.2%) Reference Reference

Thoracic (n = 97) 24.7% (16.1–36.1%) * 2.33 (0.75–7.22) 0.13 2.59 (1.18–5.72)

Differentiation 0.08 0.03
WD (n = 291) 10.4% (5.5–18.6%) Reference Reference
PD (n = 126) 22.7% (14.8–33.0%) * 2.72 (0.88–8.40) 0.08 2.60 (1.11–6.10)

Drug regimen 0.002 0.001
Monotherapy (n = 363) 10.1% (5.0–19.3%) Reference Reference
Combination (n = 83) 25.3% (17.1–35.7%) * 5.12 (1.97–13.61) 0.002 4.45 (1.92–10.33)

* Significantly higher than the reference. CI, confidence interval; GEP, gastro–entero–pancreas; OR, odds ratio;
PD, poorly differentiated; WD, well-differentiated.
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Figure 4. Sensitivity analysis according to tumor differentiation in the (A) monotherapy and (B) com-
bination therapy groups. Abbreviations: CI, confidence interval; PD, poorly differentiated; WD,
well-differentiated.

When separating WD tumors into grade 1–2 NETs and grade 3 NETs, the ORR of grade
1–2 NETs was extractable in five studies (which provided data of >5 patients with grade
1–2 NETs). The pooled ORR of grade 1–2 NETs was 7.7% (95% CI, 4.5–12.9%) (Figure S3),
which was slightly lower than the pooled ORR of all WD NETs (10.4%). Two studies
provided the response data of grade 3 NETs. In Klein’s study, two of three grade 3 NET
patients achieved CR or PR (ORR, 66.7%) and in Gile’s study, none of three grade 3 NET
patients achieved response (ORR, 0%).

3.2.2. Survival-Related Endpoints

The IPD for the OS and PFS was reconstructed in eight of the included studies [19,36,38–43].
The IPD of 390 patients was reconstructed for the OS, and the median OS was 22.7 months (95% CI,
20.1–25.9 months). When divided by primary tumor site and tumor differentiation, the
shortest median OS was noted for GEP PD tumors (6.8 months; 95% CI, 3.6–10.0 months),
followed by GEP WD tumors (20.9 months; 95% CI, 20.1 months–not reached) and thoracic
PD tumors (22.8 months; 95% CI, 12.3 months—not reached), and the longest median OS
was noted for thoracic WD tumors (not reached) (Figure S4). The median OS of pancreatic
NENs was 20.9 months (20.1 months—not reached) and was not reached for GI NENs. The
median OSs of WD tumors and PD tumors were 23.7 months (95% CI, 19.3–28.0 months)
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and 12.3 months (95% CI, 8.0–23.8 months), respectively. With respect to the drug regimen,
the data were not separable according to the primary tumor site or tumor differentiation
variables. Stratified Cox regression analysis, which included the primary tumor site, tumor
differentiation, and drug regimen as covariates, indicated that tumor differentiation was the
only influencing factor for OS. PD tumors had a hazard ratio (HR) of 4.2 (95% CI, 2.0–8.7)
(Table 3).

Table 3. Stratified Cox regression analysis of overall survival and progression-free survival using
individual patient data.

Survival Data Variables
Univariate Analysis Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value

Overall survival

Primary site 0.06 0.37
Thoracic (n = 66) Reference Reference

GEP (n = 102) 2.27 (0.95–5.44) 1.53 (0.61–3.85)

Differentiation <0.001 <0.001
WD (n = 243) Reference Reference
PD (n = 57) 4.76 (2.40–9.44) * 4.20 (2.04–8.66)

Drug regimen 0.16 NA
Monotherapy (n = 306) Reference Reference
Combination (n = 61) 1.37 (0.88–2.13) NA

Progression free
survival

Primary site 0.02 0.27
Thoracic (n = 86) Reference Reference

GEP (n = 127) 1.59 (1.07–2.35) 1.27 (0.83–1.95)

Differentiation <0.001 <0.001
WD (n = 276) Reference Reference
PD (n = 65) 3.00 (1.88–4.79) * 2.64 (1.59–4.37)

Drug regimen 0.51 NA
Monotherapy (n = 306) Reference Reference
Combination (n = 61) 0.78 (0.38–1.61) NA

* Significantly higher than the reference. CI, confidence interval; GEP, gastro–entero–pancreas; HR, hazard ratio;
NA, not available; PD, poorly differentiated; WD, well-differentiated.

For the PFS, the IPD of 388 patients was reconstructed (median PFS, 3.8 months;
95% CI, 3.5–4.1 months). When divided by primary tumor site and tumor differentiation,
GEP PD tumors showed the shortest median PFS (1.8 months; 95% CI, 1.7–2.0 months).
GEP WD tumors and thoracic PD tumors showed median PFSs of 3.7 months (95% CI,
3.5–4.0 months) and 3.8 months (95% CI, 2.5–5.2 months), respectively, and the longest
median PFS was noted for thoracic WD tumors (5.6 months; 95% CI, 4.6–6.6 months).
The median PFS of pancreatic NENs was 3.8 months (3.2–4.3 months), and that of GI
NENs was 3.5 months (1.7–5.3 months). The median PFSs of patients with WD tumors
and PD tumors were 4.2 months (95% CI, 3.4–5.0 months) and 2.8 months (95% CI,
2.0–3.6 months), respectively. From stratified Cox-regression analysis, as found for the
OS, tumor differentiation was significantly associated with the PFS, while primary tumor site
and drug regimen were not. PD tumors had an HR of 2.6 (95% CI, 1.6–4.4) (Figure S5, Table 3).

4. Discussion

This study shows that, on average, ICIs show the ORR of 15.5% in patients with
advanced or metastatic NENs. The primary tumor site, tumor differentiation, and drug
regimen were found to affect the ORR. PD tumors showed a robustly higher response rate
than WD tumors, although patients with PD tumors had poorer survival outcomes.

Given the large between-study heterogeneity in pooling the ORR from all 10 included
studies, i.e., I2 of 72%, it would be not appropriate to merely accept the meta-analytic
summary estimate of 15.5%. We explored the source of the heterogeneity by performing
subgroup analyses and meta regression. The primary tumor site, tumor differentiation,
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and drug regimen significantly affected the ORR and were thus revealed as the causes
of heterogeneity.

Our study results suggested that ICIs may show substantial antitumor activity against
thoracic NENs. The pooled ORR was 24.7% for all thoracic NENs, 24.2% for WD thoracic
tumors, and 34.2% for PD thoracic (all LCNEC) tumors. In this regard, Sabari et al. [44] re-
cently reported that LCNEC of the lung treated with ICIs had an ORR of 26.7% (4/15), and a
retrospective study from six French centers [45] stated that a PR of 60% (6/10) was achieved
for ICI-treated advanced LCNEC of the lung, which also suggested considerable antitumor
activity of ICI treatment in PD thoracic tumors as observed in our investigation. Previous
studies have reported an ORR for first-line chemotherapy in carcinoid and LCNEC of the
lung of 23 and 34–47% [46–49], respectively, and for second-line chemotherapy in LCNEC
of the lung of 17% [50]. Although direct comparisons are limited as patients included in our
study were more heavily treated with prior systemic therapies than the above-mentioned
studies, we speculated that ICI treatments have the potential to demonstrate better an-
titumor activity in advanced thoracic NENs than conventional systemic treatments. To
confirm this, randomized trials comparing ICIs to standard treatment options, including
chemotherapeutics, are necessary.

The current classification of NENs differs between organ systems and causes con-
siderable confusion [51]. To address this, a common framework for NEN classification
was proposed by the International Agency for Research on Cancer (IARC) and WHO
expert consensus meeting [52] which suggested distinction between differentiated NETs
and NECs, irrespective of their site of origin. Hence, we separated grade 3 NETs from PD
NECs and included them in the WD tumor group. In our analyses, a different response
to ICI treatment was noted in accordance with tumor differentiation. The ORR of the PD
group was 22.7%, compared to 10.4% in the WD group, and this trend of higher ORR of
PD tumors was robust in terms of the primary tumor site and drug regimen. In other solid
tumors, PD-L1 expression and TMB have been identified as potential biomarkers of the
tumor response to immunotherapy [53,54]. In the case of NENs, few studies have reported
that the expression of PD-1 and PD-L1 is higher in grade 3 NETs and NECs than in lower
grade tumors [55] and that TMB was low in grade 1–2 NETs compared to that in NECs [56],
indicating that the different response to ICI treatment in WD and PD tumors may be partly
attributable to the different expression of immune checkpoints and TMB. We also tried to
separate WD tumors into grade 1–2 NETs and grade 3 NETs to the extent available, which
was limited as the number numbers of studies and patients were small. Further studies are
necessary to clarify the relationship between these potential biomarkers and the response
of NENs to ICI treatment.

A prior meta-analysis performed by Bongiovanni et al. [57] investigated the activity
of ICIs in NENs; however, their results were inconsistent from ours. In their study, the
pooled ORR was 10%, and there was no significant difference in ORR between WD NENs
(11%) and PD NENs (12%). Thus, we infer that the main source of discrepancy was the
different study eligibility criteria used. We excluded studies with a sample size of <10
patients and conference abstracts [58] and only included the single most recently published
study among the studies with overlapped cohorts. The significantly higher pooled ORR
in PD NENs than WD NENs, one of our main results, shares the same context with prior
studies, which showed higher expression of PD-L1 and TMB in higher-grade NENs than
in lower-grade NENs [53,54], which may explain the higher response rate in PD groups
compared to WD groups.

Combination ICI regimens showed a higher ORR (25.3%, pooled) than the monother-
apy (10.1%, pooled) in our meta-analyses. Three of our included studies evaluated the
efficacy of nivolumab plus ipilimumab [35,36,39] and consistently observed a high ORR of
24.1–27.3%. There is now growing evidence that ICI monotherapy has limited effectiveness
against NENs, particularly PD tumors [59–61], which is consistent with our observations.
Only the nivolumab plus ipilimumab combination ICI regimen was evaluable in our study,
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however, and exploration of the synergistic effect of various combinations of ICIs versus
other immunotherapeutic and different anticancer treatments is required.

In our study, the median OS and PFS of all IPD-retrieved patients were 22.7 and
3.8 months, respectively. In one prior phase 2 trial [62], the median OS of 18 NEN pa-
tients (14 WD and 4 PD; 22% previously treated) treated with irinotecan plus cisplatin
was 11.4 months. In our study, thoracic PD tumors (LCNECs) showed a median OS of
22.8 months. In comparison, prior studies of thoracic LCNEC patients who received first-
line chemotherapy have reported a median OS ranging from 8.0–12.6 months [48,49]. In
our study, GEP PD tumors had a median OS of 6.8 months and a median PFS of 1.8 months,
whereas one previous study reported that patients receiving second-line chemotherapy
for an extrapulmonary PD NEN (mostly GEP origin) showed a median OS of 6.2 months
and median PFS of 2.3 months [63]. The characteristics of the heavily treated advanced or
metastatic NEN patients in our included studies made it difficult to compare the survival
outcomes between our present investigation and others. Although it seems that ICI treat-
ment has the potential to provide survival benefit in patients with NENs, especially PD
tumors, randomized trials comparing ICIs and standard chemotherapies are necessary to
clarify this issue.

Our study has some limitations. First, the number of included studies (10 in total) was
small. However, all of the relevant original articles published to date were included in our
meta-analysis. A total of 464 NEN patients were analyzed, and the individual participant
survival data of more than 380 patients was reconstructed. Second, in terms of the primary
tumor site, only those of thoracic or GEP origin were available for separate subgroup
analysis. Other sites of origin were not evaluable, as the number of cases was too small
and the required information was not fully presented, which is an inherent limitation of a
systematic review. However, considering that the GEP and lung are the most frequent sites
of NENs, comprising approximately 70 and 20% of all NENs, respectively [2], we believe
that our analysis is clinically meaningful. Third, the included studies were all single-arm
investigations that did not use a control group for comparison. Therefore, we could not
address whether ICIs have better antitumor activity or provide a survival benefit compared
to current standard therapies. However, our current results still provide useful insights
on the role of ICIs in treatment of NEN and could serve as a basis for designing future
randomized controlled trials. Fourth, the role of various combination regimens of ICI was
not explored, as there were only three studies which included the combination regimen,
and the same single combination regimen (ipilimumab plus nivolumab) was used in these
studies. Further studies would be anticipated to clarify the role of ICI combination with
various regimens in the treatment of NENs.

5. Conclusions

In conclusion, our current meta-analysis provides evidence-based measures of the
treatment efficacy of ICIs in patients with advanced or metastatic NENs. The overall
ORR was 15.5%, which was found to be influenced by the primary tumor site, tumor
differentiation status, and by the drug regimen. PD tumors showed a robustly higher
response rate than WD tumors but were associated with poorer survival outcomes.
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