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Background and Objectives: Neoadjuvant therapy plays an increasingly

important role in pancreatic neuroendocrine neoplasms (pNENs), but the

systematic evaluation of its efficacy is still lacking. The purpose of this study

is to explore the role of neoadjuvant therapy in pNENs.

Methods: We systematically reviewed the literatures published online until

October 1, 2021. Meta-analysis was conducted to generate proportion with 95%

confidence intervals (95% CI) for tumor response, resection rate, R0 resection rate

and survival time.

Results: Nine studies with 468 patients were involved in the systematic review.

None of these patients met complete response (CR). Furthermore, 43.6% (95% CI

[18.1, 69.0]) patients were expected to achieve partial response (PR), 51.3% (95% CI

[27.9, 78.3]) to stable disease (SD), and 4.3% (95% CI [0.7, 7.9]) to progressive

disease (PD). The estimate resection rate and R0 resection rate after neoadjuvant

therapy were 68.2% (95% CI [44.5, 91.9]) and 60.2% (95% CI [53.5, 66.9]),

respectively. There was no significant difference in resection rate between

different chemotherapy regimens (41.67% vs 33.93%, P=0.453), as well as R0

resection rate (62.50% vs 68.30%, P=0.605). In terms of objective response rate

(ORR), there was no significant difference between CAPTEM and FAS (41.67% vs

33.93%, P=0.453), while PRRT showed a higher ORR compared with

chemotherapy, although there was also no statistical difference (49.06% vs

36.96%, P=0.154).
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Conclusion: Neoadjuvant therapies could reduce the tumor size and stage of

some borderline resectable or unresectable pNENs, and give some patients the

chance of radical resection. However, according to the current data, the best

treatment regimen for pNENs neoadjuvant therapy is still unknown.
KEYWORDS

pancreatic neuroendocrine tumor, neoadjuvant therapy, surgery, tumor
response, prognosis
1 Introduction

Pancreatic neuroendocrine neoplasms (pNENs) are rare

diseases. It originated from pancreatic neuroendocrine cells

and only accounted for 1%-2% of pancreatic neoplasms (1, 2).

However, due to the continuous improvement of clinicians’

understanding of this disease and widespread use of cross-

sectional imaging, the incidence or detection rate of

gastroenteropancreatic neuroendocrine neoplasm (GEP-NENs)

increased from 1.09 per 100,000 to 6.98 per 100,000, between

1973 and 2012, a nearly seven-fold increase, according to the

Surveillance, Epidemiology, and End Results (SEER) program of

the National Cancer Institute, and pNENs accounted for about

12% of those cases (3, 4).

Based on the differentiation degree and Ki-67 index of the

tumor, as early as 2010, the World Health Organization (WHO)

classified neuroendocrine neoplasms into well-differentiated

neuroendocrine tumors (NET) G1 stage, G2 stage and poorly

differentiated neuroendocrine carcinoma (NEC) (5). With the

continuous progress of the understanding of NENs, in 2017, the

WHO classified the well differentiated portion of the original

NEC family as neuroendocrine tumor G3 and the poorly

differentiated group as NEC (6). And this classification was

first applied to the pancreas. Meanwhile, pNENs were highly

heterogeneous diseases with various components, including

functional pNENs (such as insulinoma, gastrinoma,

glucagonoma, etc.) and non-functional pNENs which account

for about 70%-75% (2, 3, 7). Due to its high heterogeneity, the

treatment options for pNENs are diverse. Currently, the main

treatment methods include surgical resection, peptide receptor

radionuclide therapy (PRRT) and medicine therapy (mainly

including somatostatin, targeted drugs and chemotherapy, etc.)

(8). Although the treatment of G3 NETs and NECs are different

from G1 NETs and G2 NETs, radical surgical treatment is the

only possible method to cure pNENs (9–12). However, as

mentioned above, due to the high proportion of non-

functional pNENs, patients have no obvious clinical symptoms

in the early stage, only about 38% patients found pNENs
02
incidentally by cross sectional imaging (7). Most patients are

treated only when tumor compressed or invaded the

surrounding organs, at that time, about 60%-70% of patients

had local advanced diseases or distant metastasis, and surgical

treatment alone was of limited benefit or was even inoperable

(13, 14). Hence, multidisciplinary therapy played an increasingly

important role in the treatment of pNENs with the aim of

maximizing the patient’s benefits.

For patients with locally advanced disease or distant

metastasis, surgical therapy or interventional therapy could

prolong the survival time of patients with pNENs, but some

studies had shown that patients underwent chemotherapy in

addition to surgical resection were superior to surgical treatment

only (10, 15). Therefore, the neoadjuvant therapy for pNENs had

made great progress. Its objective was to reduce tumor load and

tumor stage, so that patients who were previously unable to

receive surgical treatment could get the chance of surgical

resection again, and at the same time reduced the risk of

tumor recurrence. Although many studies had shown the

positive effects of neoadjuvant therapy, such as chemotherapy,

PRRT and targeted therapy, in tumor reduction, successful

transformation into surgical resection and prolonging the

survival time of patients, there was still a lack of systematic

evaluation of the efficacy of neoadjuvant therapy (16–18). In our

study, we systematically reviewed related studies on neoadjuvant

therapy for pNENs and conducted a meta-analysis, aiming to

explore the tumor response, surgical resection rate, R0 resection

rate and the long-term survival after neoadjuvant therapy.
2 Materials and methods

Our study follows the PRISMA (preferred reporting items

for systematic reviews and meta-analyses) reporting guidelines

and the checklist is showed in Supplementary Table 1. The

protocol of the current study was developed and previously

registered on PROSPERO (registration ID: CRD42021284146).
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2.1 Search strategy and study
selection criteria

We systematically searched the literature published in the

Web of Science, Pubmed, Embase and Cochrane Library database.

And the deadline for retrieval was set to October 1, 2021. We

screened the studies based on the keywords: “pancreatic

neuroendocrine/endocrine/islet” and “tumors/neoplasm/cancer”

and “neoadjuvant/preoperative” and “therapy/chemotherapy/

systemic therapy/radiation”. And the publications in reference

section and the previous relevant meta-analysis and reviews were

further searched to avoid omissions. Two researchers (Y.Z. Li and

Z.Y. Fan) independently screened the relevant literatures. The title

and abstract of per study were preliminarily screened to exclude

the unqualified studies. Then, the full text of the remaining studies

was further reviewed to obtain the studies included in the current

study. The inclusion and exclusion criteria are as follows.

Inclusion criteria: (1) studies of neoadjuvant therapy for

pancreatic neuroendocrine neoplasms; (2) studies that revealed

the relevant efficacy information or prognostic information after

therapy, such as tumor response, surgical rate survival state and so

on. Exclusion criteria: (1) publications which included the same

study patients; (2) the type of study is case report, review, meta-

analysis, letter to the editor, conference record; (3) duplicate

studies; (4) key data for outcomes was missing. The NOS

(Newcastle-Ottawa Scale) was used to assess the quality of the

included studies (Supplementary Table 2).
2.2 Data processing

Two researchers (J. Yang and M. Shi) extracted the data of

the included studies independently. The final results were

integrated, and the differences were negotiated with the third

author (H.X. Zhan). Finally, the baseline data and clinical

information, such as the first author, published year, country,

age, tumor types, tumor response, median follow-up and so on,

were got from selected studies.

In the current study, the primary outcomes were tumor

response and resectability, and the secondary outcomes were

histopathological changes, complication rate, survival time.

Tumor response was accessed by the Response Evaluation

Criteria in Solid Tumors (RECIST) version 1.1 (19): (1)

Complete response (CR): the lesion disappeared on imaging or

the short diameter of all pathological lymph nodes (including

target and non-target nodes) must be reduced to < 10 mm; (2)

Partial response (PR): the sum of the diameter of target lesions is

reduced by at least 30% from baseline. (3) Progressive disease

(PD): the sum of the diameter of all target lesions increased at

least 20% and the diameter of all lesions increased at least 5mm

or found a new lesion. (4) Stable disease (SD): The decrease

degree of target lesions did not reach PR level, and the increase
Frontiers in Oncology 03
degree did not reach PD level. Histopathological status was

determined according to the 2019 WHO classification of tumors

of the digestive system which based on the mitotic rate and Ki-67

index (20).

The criteria of resectability were mainly based on the

counterpart in pancreatic cancer, which can be divided into

resectable, borderline resectable and local advanced according to

the degree of invasion of the celiac axis, hepatic artery, superior

mesenteric artery, superior mesenteric vein or portal vein (21,

22). And in the current study, resection rate was defined as the

number of patients undergoing surgery after neoadjuvant

therapy divided by the number of patients receiving

neoadjuvant therapy. R0 resection rate was defined as the

number of patients with R0 resection divided by the total

number of patients undergoing surgical treatment.
2.3 Statistical analysis

Open MetaAnalyst version 12.11.14 for windows (http://

www.cebm.brown.edu/openmeta/), SPSS 26.0 and Stata was

used for statistical analysis. Random effects models were used

in the current study. Heterogeneity will be determined using c2

test and I2 index. In the current study, P<0.05 and I2>50% were

considered heterogeneity. The statistical data were presented

with the proportion and 95% confidence intervals (95% CI).
3 Results

A total of 1363 literatures were screened based on the above

database and 501 duplicate articles which appeared 556 times

were deleted. 773 studies were excluded because they were

irrelevant to our study by reading the title and abstract. In the

remaining 34 studies, there were 7 conference records, 8 case

reports and 5 review excluded and 5 literatures excluded for

other reasons [letter to editor (n=2), perioperative systematic

treatment (n=1), replication of the study patients (n=1) and

missing key information (n=1)]. Finally, we selected a total of 9

studies for meta-analysis (9, 12, 15, 23–28) (Figure 1).

In the selected 9 studies, there are 4 studies come from

America, 3 studies published from Europe (France 1,

Netherlands 1, Italy 1), 1study published from Australia and

1study from Japan. The 9 articles included a total of 468 patients

from 1984 to 2019, of whom 297 patients received neoadjuvant

therapy. The median sample size of each study was 29 (range: 5-

112). Of the 297 cases included, 264 cases documented whether

the tumor was initially resectable, and 242 cases (91.67%) were

borderline resectable or unresectable tumors and 167 cases

(63.26%) occurred hepatic metastases. The basic characteristics

for these studies were summarized in Table 1.
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3.1 Neoadjuvant therapy protocols

Among the included studies, 5 studies (55.56%) used

chemotherapy as the neoadjuvant therapy regimen, 2 studies

(22.22%) used PRRT, 1 study (11.11%) used peptide receptor

chemoradionuclide therapy (PRCRT), and 1 study (11.11%)

used sunitinib (Figure 2).

3.1.1 Chemotherapy agents
One study did not mention the specific chemotherapy

regimen they used (24). Of the four other studies using

chemotherapy, two used capecitabine and temozolomide

(CAPTEM) regimen and the other two used fluorouracil,

doxorubicin and streptozocin (FAS) regimen. In the two

studies used CAPTEM, the mean or median duration of
Frontiers in Oncology 04
treatment was 4-5 cycles. The dosage of capecitabine and

temozolomide used in Malcolm’s study was 1500mg/m2 and

1500mg/m2 respectively (26). Among the 6 cases included in

another CAPTEM regimen study, 3 cases were only treated with

chemotherapy, and the other 3 cases were treated with

radiotherapy on the basis of chemotherapy (23). The dose of

chemotherapy drugs was not recorded in detail, but the dose of

radiotherapy was 50-56 Gy and the cycle was 25-28 times. In the

two studies using FAS, the dose of 5-fluorouracil was 400 mg/m2,

doxorubicin was 40mg/m2, and streptozocin was 400mg/m2,

with a median of 4 cycles for treatment (15, 25).
3.1.2 PRRT, PRCRT or target therapy
The two studies using PRRT as neoadjuvant therapy

regimen included a total of 53 patients, 17 (32.08%) of whom
FIGURE 1

The flowchart for selecting studies.
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TABLE 1 Basic characteristics of all studies included in the meta-analysis.

Author Country Period of Sample Neoadjuvant Mean/median
/
*

Tumor types
[R/BR/U
(HM)]*

Neoadjuvant
therapy

Evaluation
criteria for
efficacy

Tumor
response (CR/
PR/SD/PD)

Surgery
(R0/R1/
R2)

Survival
analysis

Median
follow-up

(m)

NM PRCRT RECIST 0/4/0/0 1(1/0/0) OS 15

0/6/0 (0) Chemotherapy
(CAPTEM)

RECIST 0/2/4/0 6(4/2/0) DFS 43

0/42/0 (0) Chemotherapy
(NM)

NM NM 28(13/6/9) OS 72.2

0/29‡(14) PRRT NM 19/ NM / NM§ 9(6/NM/
NM)

PFS 65

22/0/5 (27) Chemotherapy
(FAS)

RECIST 0/17/8/2 27(19/8/0) OS NM

NM Chemotherapy
(FAS)

RECIST 0/2/26/1 14(9/5/0) OS 88

0/10/20 (20) Chemotherapy
(CAPTEM)

RECIST 0/13/16/1 26(16/10)£ OS, PFS 49

0/15/9 (8) PRRT NM 0/7/16/1 24(12/2/
10)

OS 42

0/0/106 (98) Sunitinib RECIST NM 31(16/6/9) OS, DFS 26.5

ectable; HM, hepatic metastases; CAPTEM, capecitabine and temozolomide; PRCRT, peptide receptor chemoradionuclide therapy; PRRT,
, partial remission; SD, stable disease; PD, progressive disease; OS, overall survival; DFS, disease free survival; PFS, Progression free survival.
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0
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(year) dataacquisition size (M/
F)

therapy sample
size (M/F)

age (range
IQR), year

Barber
(2011)

Australia 2006-2009 5 (5/0) ♯ 4 (4/0) 63†(50-72)

Chenwi
(2017)

USA 2000-2013 112
(NM/NM)

6 (NM/NM) 55†(14-70)

Dumont
(2015)

France 1984-2013 42 (22/20) 42 (22/20) 55(25-75)

Esther
(2015)

Netherlands 2000-2011 29 (14/15) 29 (14/15) 54†(32-81)

Jordan
(2017)

USA 1998-2015 67(38/29) 27(18/9) 52 (29-74)

Laura
(2016)

USA 2000-2012 29 (21/8) 29 (21/8) 55 (33-81)

Malcolm
(2020)

USA 2009-2017 30 (19/11) 30 (19/11) 52 (49, 61)

Marco
(2020)

Italy 2009-2018 48(31/17) 24(16/8) 53†( 47-75)

Yoshiki
(2021)

Japan 2002-2019 106 (54/
52)

106 (54/52) 57 (18-83)

NM, not mentioned; M, male; F, female; IQR, interquartile range; R, resectable; BR, borderline resectable; U, unre
peptide receptor radionuclide therapy; FAS, fluorouracil, doxorubicin and streptozocin; CR, complete remission; P
*Only patients receiving neoadjuvant therapy were counted.
♯There was a case of duodenal neuroendocrine tumor included in the original study, which was not included in
†mean age.
‡R/BR or U.
§CR or PR/SD/PD.
£R0 or R1/R2.
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were treated with 90Y labeled somatostatin analogue and 36

patients (67.92%) with 177Lu labeled somatostatin analogue. The

treatment cycles recorded in the two studies were both greater

than 3 cycles, but only one study reported the specific

therapeutic dose (7.4Gbq) (12, 27).

In addition, one study added 3 cycles of chemotherapy to 4

cycles of PRRT treatment. Among the 4 patients with pancreatic

neuroendocrine neoplasms included in this study, the regimen

of PRRT was a 177Lu labeled somatostatin analogue at a dose of

7-10Gbq per cycle, while the regimen of chemotherapy was 5-

fluorouracil at a dose of 200mg/m2/24h per cycle (9).
Frontiers in Oncology 06
Finally, there was a study using sunitinib as the target

therapy regimen with a dose of 525mg/28d and the median

treatment duration was 6 months (28).
3.2 Tumor response

The data of tumor response was reported in 7 studies

(77.78%) (Figure 3) and 6 of these 7studies had detailed data

of tumor response which were performed further statistical

analysis. RECIST criteria were used as evaluation criteria in 5
FIGURE 2

The number of studies of per neoadjuvant treatment regimen.
FIGURE 3

The tumor response of the included studies.
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(83.33%) of these 6 studies, while in another article (16.67%)

without detailed evaluation criteria, we evaluated them

according to RECIST criteria based on the imaging or

pathological changes.

There were 120 patients included in the 6 studies, none of the

patients met the CR criteria, and the estimated CR rate was 1.9%

(95%CI [-0.5, 4.3]) (Figure 4A). There was no significant difference

in CR rates among different treatment regimens, all of which were

less than 2% (P>0.05) (Table 2). The estimated PR rate was 43.6%

(95%CI [18.1, 69.0]), and the PR rate in chemotherapy group was
Frontiers in Oncology 07
36.3% (95%CI [6, 66.5]) (Figure 4B, Table 2). No bias was observed

in the funnel plot of CR, PR, SD and PD (Supplementary

Figures 1A–D). The study that used PRRT regimen only

published the objective response rate (ORR), so we combined CR

and PR for analysis, and the estimated ORR was 47.5% (95%CI

[11.8, 83.1]) (Table 2). The estimated SD rate and PD rate of the 6

studies were 53.1% (95%CI [27.9, 78.3]) and 4.3% (95%CI [0.7,

7.9]), respectively (Figures 4C, D). In the current study, we found

that there was no significant difference between patients receiving

CAPTEM as neoadjuvant therapy and patients receiving FAS
A

B

D

C

FIGURE 4

Estimate the rate of CR (A), PR (B), SD (C), PD (D) of different studies.
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therapy in terms of ORR (41.67% vs 33.93%, P=0.453).

Furthermore, the PRRT regimen showed a higher ORR

compared to chemotherapy, however, there was also no

significant difference between the two regimens (36.96% vs

49.06%, P=0.154).
3.3 Surgical procedures

Data of surgical resection after neoadjuvant therapy were

documented in all of the nine included studies. Of the 297

patients included, 166 (55.89%) received surgical resection

finally, and the estimated surgical resection rate was 65.7%

(95%CI [45.6, 85.8]) (Figure 5A). All of the nine studies

reported the state of resection margin of postoperative

specimens. Of the 166 patients who underwent surgical

resection, 96 patients (57.83%) met the criteria for R0

resection, and its estimated resection rate was 58.4% (95%CI

[51.0, 65.7]) (Figure 5B). No bias was observed in the funnel plot

of surgical resection rate and R0 resection rate (Supplementary

Figures 1E, F).In the four included studies that used

chemotherapy, we found that there was no significant

difference in R0 resection rate between patients receiving

CAPTEM and patients receiving FAS therapy (62.50% vs

68.30%, P=0.605). Table 3 summarized the difference of

estimate resection rate and estimate R0 resection rate between

chemotherapy regimen and PRRT regimen. We could find that

the study used CAPTEM had the highest resection rate (88.5%,

95% CI [78.2, 98.7]), followed by FAS (74%, 95%CI [25.1, 123]),

while PRRT had the lowest resection rate (65%, 95%CI

[-0.6, 130.6]).

Four studies, including 74 patients who underwent surgery,

reported detailed information about the procedure. 43 (58.11%)
Frontiers in Oncology 08
patients received distal pancreatectomy, 17 (22.97%) received

pancreaticoduodenectomy, 6 (8.11%) patients only received

hepatectomy for the liver metastases and the procedures of the

remaining 8 (10.81%) patients were not clearly described. Due to

portal vein invasion and liver metastasis, partial portal vein

resection and reconstruction were performed in 4 (5.41%)

patients. Vascular resection was also performed in other three

patients, but the specific vessels resected were not described

amply. Hepatic segmentectomy or combined radiofrequency

ablation was performed in 24 (32.43%) patients. 39 (52.70%)

of the 74 patients achieved R0 resection. Varying degrees

complications occurred in 21 (28.38%) patients during

hospitalization, with pancreatic fistula being the most common

complication, which occurred in 9 (33.33%) patients. Among the

four studies, three reported the duration of surgery and the

amount of blood loss. The mean of the median duration in per

study was 405.83 minutes (range: 195-629minutes), and the

mean amount of blood loss was 786ml (range: 65-8000ml).
3.4 Histological response

Five (5/9, 55.56%) studies described the pathological grade of

postoperative specimens. Of these studies, 102 patients were

eventually treated with surgery, 30 (29.41%) patients were

pathologically diagnosed with NET G1, 53 (51.96%)

were diagnosed with NET G2 and 6 (5.88%) patients were

diagnosed with NET G3. What’s more, 1 (0.98%) patient was

eventually diagnosed with NEC and the remaining 12 (11.76%)

patients did not obtain the definite pathological stage eventually.

Unfortunately, due to the lack of pathology details, the role of

neoadjuvant therapy in tumor pathological response cannot be

clearly evaluated.
TABLE 2 Estimate of tumor response after neoadjuvant therapy between different therapy regimens.

CR PR SD PD

Total [95%CI] 1.9 % [−0.5, 4.3]
I2=0 %, P=0.984

(n=120)

43.6% [18.1, 69]
I2=91.47 %, P<0.001

(n=120)

53.1% [29.7, 78.3]
I2=90.66 %, P<0.001

(n=120)

4.3% [0.7, 7.9]
I2=0 %, P=0.977

(n=120)

Chemotherapy [95%CI] 1.8 % [−0.9, 4.4]
I2=0 %, P=0.958

(n=92)

36.3 % [6, 66.5]
I2=91.56 %, P<0.001

(n=92)

59.8% [28.4, 91.2]
I2=91.74 %, P<0.001

(n=92)

4.2% [0.2, 8.3]
I2=0 %, P=0.893

(n=92)

CAPTEM [95%CI] 1.9 % [−2.4, 6.2]
I2=0 %, P=0.58

(n=36)

41.5 % [25.5, 57.6]
I2=0 %, P=0.638

(n=36)

55.8 % [39.6, 71.9]
I2=0 %, P=0.531

(n=36)

3.7 % [-2.4, 9.8]
I2=0 %, P=0.711

(n=36)

FAS [95%CI] 1.7 % [−1.6, 5.1]
I2=0 %, P=0.972

(n=56)

34.4 % [-20.6, 89.3]
I2=96.55 %, P<0.001

(n=56)

60 % [1.2, 118]
I2=96.97 %, P<0.001

(n=56)

60 % [1.2, 118]
I2=96.97 %, P<0.001

(n=56)

PRRT [95%CI] 47.5 % [11.8, 83.1]
I2=87.59 %, P=0.005

(n=53) †

Data deficient Data deficient
†The tumor response were CR and PR.
Data deficient: The published data in the included literature were insufficient to calculate the estimate tumor response.
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3.5 Survival analysis

Our study further analyzed the survival time after

neoadjuvant therapy. Median follow-up time was documented

in 8 studies (88.89%) of the included studies. The mean of the

median follow-up time was 50.9 months (range:15-88 months).

And we found 3 studies documented the overall survival time for
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the patients who received and did not receive surgical resection.

Among the three studies, FAS was used as the neoadjuvant

therapy in 2 studies and sunitinib was used in 1 study. Table 4

shows the details of the patients’ prognosis. It is clear that the

prognosis of patients who underwent surgery after neoadjuvant

therapy was significantly better than those who did not

undergo surgery.
A

B

FIGURE 5

Estimate the surgical resection rate (A) and R0 resection rate (B) of different studies.
TABLE 3 Estimate of surgical resection rate and R0 resection rate after neoadjuvant therapy between different therapy regimens.

Resection rate R0 resected

Total [95%CI] 65.7% [45.6, 85.8]
I2=97.12 %, P<0.001

(n=297)

58.4% [51, 65.7]
I2=0 %, P=0.67

(n=166)

Chemotherapy [95%CI] 79.3% [61.9, 96.7]
I2=90.29 %, P<0.001

(n=134)

61% [51.6, 70.3]
I2=0 %, P=0.451

(n=101)

CAPTEM [95%CI] 88.5 % [78.2, 98.7]
I2=0 %, P=0.592

(n=36)

Data deficient

FAS [95%CI] 74 % [25.1, 123]
I2=96.3 %, P<0.001

(n=56)

68.4 % [54.2, 82.6]
I2=0 %, P=0.695

(n=41)

PRRT [95%CI] 65 % [-0.6, 130.6]
I2=98.18 %, P<0.001

(n=53)

54.9 % [38.2, 71.7]
I2=0 %, P=0.374

(n=33)
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3.6 Assessment of sensitivity analysis and
publication bias

Begg’s test and Egger’s linear regression test were used to assess

whether there was potential publication bias in this meta-analysis.

The results showed that no apparent publication bias for the

analysis was found between PR, SD and R0 resection rate

(Supplementary Figures 2B, C, F, 3B, C, F). However, significant

publication bias was found CR, PD and surgical resection rate

(Supplementary Figures 2A, D, E and Supplementary Figures 3A,

D, E). And the P value of Begg’s test and Egger’s test was listed in

Supplementary Table 3. Sensitivity analysis was performed to

evaluate the stability of tumor response, surgical resection rate

and R0 resection rate after neoadjuvant therapy. After removing

any of the studies, the results did not exceed the 95%CI range of the

pooled results (Supplementary Figures 4A–F).
4 Discussion

In the past, cytotoxic chemotherapy was only used for pNENs

that was difficult to resect surgically or had distant metastases, and

surgery was still the first option if it is technically possible. Although

in patients who were difficult to resect radically, tumor reduction

surgery also seemed to be beneficial to patient survival (26).

Neoadjuvant therapy offers the theoretical benefit of

“downstaging” in patients who cannot be surgically resected

because of vascular involvement or distant metastases and

potentially reduces the risk of recurrence. However, unlike

pancreatic cancer, where the positive role of neoadjuvant therapy

had been widely reported, the role of neoadjuvant therapy in

pNENs was still unknown (29–31). The National Comprehensive

Cancer Network (NCCN) guidelines updated to recommend

chemotherapy, targeted therapy, PRRT and other neoadjuvant

therapies for unresectable, well-differentiated G3 stage pNET with

high tumor burden and also recommended for resectable lesions

with unfavorable biology (e.g. Ki67>55%, rapid growth, negative

SSR-based PET imaging) to achieve the best clinical efficacy (32).

The North American Neuroendocrine Tumor Society (NANET)

consensus also indicate that neoadjuvant therapy may be a

downstaging treatment option for pNENs with locally advanced

or distant metastasis, especially prior to tumor reduction surgery
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(33). However, the European Neuroendocrine Tumor Society

(ENETS) guidelines did not recommend surgery for high-grade

pNENs with locally advanced and distant metastasis diseases, and

noted that the role of neoadjuvant therapy is unclear (10). To date,

the choice of treatment strategy for local advanced or distant

metastatic pNENs was still lack widely consensus, the effect of

neoadjuvant therapy for unresectable or borderline resectable

pNENs was still not clear, and lack systematic evaluation,

and the pros and cons of each regimens also lack the

systematic comparison.

Currently, some studies have revealed the positive effect of drug

therapy on tumor reduction of pNENs, which are consistent with

our results. Chemotherapy, PRRT and targeted therapy are the

most studied neoadjuvant therapies for pNENs. PRRT therapy is

widely used due to well-differentiated pNETs expressed

somatostatin receptors (14, 34, 35). Well-differentiated pNENs

often express many characteristic biomarkers, such as

Chromogranin A (CgA) and somatostatin receptor subtype 2

(SST2) (36, 37). SST2 can be highly bound to somatostatin

analogs (SAAs), such as octreotide. SAAs labeled with

radionuclides have both diagnostic and therapeutic effects in

pNENs. In addition to tracing, it can also damage the DNA of

recipient cells, thereby inhibiting the proliferation of pNENs (38).

Daniel and Samer et al. have reported successful shrinkage and

surgical treatment of advanced pNENs after using PRRT regimens

(14, 35). Becausemost studies were case reports, the evidence for the

role of PRRT in the neoadjuvant therapy of pNENs was not strong

enough. At the same time, there was a lack of prognostic

information in their study, so it was not clear whether the

application of PRRT was beneficial to the prognosis of patients.

In 2019, Swayamjeet et al. published a systematic review and meta-

analysis comparing the effects of PRRT and everolimus in advanced

pNENs (39). The study found that PRRT was superior to

everolimus in terms of objective response rate, disease control

rate, and survival time (39). Meanwhile, PRRT therapy has better

safety in terms of hematological toxicity and nephrotoxicity (39). In

the literatures included in the current study (2 studies), the objective

response rate of PRRT was 49.1%, which was similar to the study of

Swayamjeet (R=47%).In our study, 62.3% of patients could be

restored to surgery, and the median follow-up time of the two

studies was 53.5 months, which was significantly better than the

patients treated only with PRRT in the study of Swayamjeet (25.7

months) (39). The main reason for this difference may be the
TABLE 4 Overall survival time between surgery group and no surgery group.

Neoadjuvant therapy Median overall survival time (95% CI) (months)

Surgery No surgery

Jordan, 2017 FAS 108.2 (73.2-143.2) 59.6 (42.5-76.8)

Laura, 2016 FAS 112 (104-120) 41 (16-66)

Yoshiki, 2021 Sunitinib >72* 36.7
*By the end of follow-up time, the median survival time had not been reached.
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different subjects included in the study. Among the subjects

included in our study, PRRT was only used as neoadjuvant

therapy before surgery. Swayamjeet et al. did not specify the

subjects included in their study, which mainly observed the

response of PRRT treatment in patients who could not receive

surgical treatment, and the included subjects were highly

heterogeneous. Since not all neuroendocrine tumors were highly

expressed somatostatin receptors, some pNENs showed low

reactivity to somatostatin, which may lead to poor reaction of

PRRT (8). Therefore, chemotherapy is also widely used in pNENs,

especially for poorly differentiated advanced tumors. Furthermore,

pNENs are generally considered to be sensitive to chemotherapy,

and chemotherapy was the first-line treatment for pNENs which

aimed to reduce tumor cells (8). However, chemotherapy is more

toxic than PRRT (40). In well-differentiated G3 stage pancreatic

neuroendocrine tumors, alkylating agents are widely used, such as

CAPTEM regimen containing temozolomide and FAS regimen

containing streptomycin (8, 41, 42). Platinum agents were more

commonly used in pNEC (8, 43). In a retrospective study of patients

with G3 stage pancreatic neuroendocrine tumors and pNEC, Nitya

and colleagues found that there was no difference in the response

rates of alkylating agents and platinum agents between the two

groups, while platinum agents were significantly superior to

alkylating agents in pNEC (43). Since there were few studies on

the efficacy comparison between different chemotherapy regimens,

the advantages and disadvantages of different chemotherapy

regimens cannot be analyzed. Among the literatures on

chemotherapy included in the current study, there were two

literatures on CAPTEM and the other two literatures on FAS (15,

23, 25, 26). Combined with the above analysis, there was no

significant difference in R0 resection rate (P=0.605) and objective

response rate (P=0.154) between the two chemotherapy regimens.

In the current study, the objective response rate of chemotherapy

was 36.96%, which was not significantly different from PRRT

(R=49.06%, P=0.129).

Nowadays, the genetic changes in PNENs have been widely

revealed. The most common alterations found in pNENs are in

various genes in the MEN1, DAXX/ATRX and mTOR pathways

(44). Targeted drugs, such as sunitinib, are increasingly being used

in clinical trials. Sunitinib is an anti-angiogenic drug. It is a multi-

target tyrosine kinase inhibitor that can inhibit VEGFR and

PDGFR, etc (45, 46). It can play an anti-tumor angiogenesis role

in pNENs. Many clinical trials have shown that sunitinib had a

good objective response rate for advanced pNENs, prolonged

patient survival, and showed good safety with few side effects,

however, they published that the ORR of pNENs treated with

sunitinib was about 9.3%-17%, which was significantly lower than

chemotherapy (36.96%) and PRRT (49.06%) included in the

current study (47–50). However, studies on the role of targeted

drugs in neoadjuvant therapy of pNENs are very rare. And there

was only 1 study about sunitinib as the neoadjuvant therapy

regimen included in our study, and the side effects of targeted

therapy were not detailed description in this study (28).
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Unfortunately, in this study, 29.25% (31/106) of patients

successfully completed “down-staging” therapy and underwent

surgery after sunitinib, but the objective response rate of sunitinib

was not described in this study.

Our study is the first systematic review and meta-analysis of

neoadjuvant therapy for pNENs related to tumor response,

surgical rate, R0 resection rate, and prognosis. In our study,

we found that there were 46.54% (74/159) patients reached

partial response, 44.23% (70/159) patients had a stable disease,

and only 3.14% (5/159) patients experienced progressive disease.

Meanwhile, 67.30% (107/159) of these patients were given the

chance of surgery again, and the R0 resection rate was greater

than 47.66% (51/107). Therefore, neoadjuvant therapy could

effectively limit the progression of neuroendocrine tumors and

improve the probability of surgical resection.

However, there are still many deficiencies in our research:

(1) The literatures included in this study were all retrospective

studies and the sample size included in each study was generally

small, which may lead to the existence of bias in the process of

data collection, which also leads to the fact that this study has

little guiding significance for existing clinical problems. (2) The

criteria for tumor resectability and the indications for

neoadjuvant therapy were not clearly explained among

different studies. And these factors may be the main sources of

heterogeneity. (3) Since there was no control group in each

study, we can only observe the ratio within each study, and it is

difficult to judge the advantages and disadvantages of different

studies, as well as different treatment strategies.

In conclusion, neoadjuvant therapies, such as chemotherapy

and PRRT, could reduce the volume and stage of some borderline

resectable or unresectable pNENs, and gave some patients the

chance of radical resection. However, the current study was not

able to identify differences in efficacy between different treatment

regimens. Next, it is necessary to conduct prospective clinical

studies on the role of neoadjuvant therapy in pNENs, which

should include clear definitions and criteria for tumor resectability.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.
Author contributions

The author contributions are as follows: ZF and HZ

conceived the project. YL and FZ wrote the manuscript. ZF

and YL searched the literature together. JY and MS completed

the data extraction together. YM and SL participated in the data

analysis and visualization. All authors contributed to the article

and approved the submitted version.
frontiersin.org

https://doi.org/10.3389/fonc.2022.981575
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2022.981575
Funding

This work was supported by the National Natural Science

Foundation of China (81702365, 81972274), Shandong

Provincial Natural Science Foundation (ZR2021LSW004,

ZR2017MH090), Clinical Research Center of Shandong

University (2020SDUCRCC016), Taishan Scholars Program

for Young Expert of Shandong Province (tsqn202103172).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Oncology 12
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fonc.2022.981575/full#supplementary-material
References
1. Ishida H, Lam AK. Pancreatic neuroendocrine neoplasms: The latest surgical
and medical treatment strategies based on the current world health organization
classification. Crit Rev Oncol Hematol (2020) 145:102835. doi: 10.1016/
j.critrevonc.2019.102835

2. Khanna L, Prasad SR, Sunnapwar A, Kondapaneni S, Dasyam A, Tammisetti
VS, et al. Pancreatic neuroendocrine neoplasms: 2020 update on pathologic and
imaging findings and classification. Radiographics (2020) 40:1240–62. doi: 10.1148/
rg.2020200025

3. Cives M, Strosberg JR. Gastroenteropancreatic neuroendocrine tumors. CA
Cancer J Clin (2018) 68:471–87. doi: 10.3322/caac.21493

4. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, et al. Trends in the
incidence, prevalence, and survival outcomes in patients with neuroendocrine
tumors in the united states. JAMA Oncol (2017) 3:1335–42. doi: 10.1001/
jamaoncol.2017.0589

5. Tang LH, Untch BR, Reidy DL, O'Reilly E, Dhall D, Jih L, et al. Well-
differentiated neuroendocrine tumors with a morphologically apparent high-grade
component: A pathway distinct from poorly differentiated neuroendocrine
carcinomas. Clin Cancer Res (2016) 22:1011–7. doi: 10.1158/1078-0432.CCR-15-
0548

6. Rindi G, Klimstra DS, Abedi-Ardekani B, Asa SL, Bosman FT, Brambilla E,
et al. A common classification framework for neuroendocrine neoplasms: An
international agency for research on cancer (IARC) and world health organization
(WHO) expert consensus proposal. Mod Pathol (2018) 31:1770–86. doi: 10.1038/
s41379-018-0110-y

7. Ito T, Igarashi H, Jensen RT. Therapy of metastatic pancreatic
neuroendocrine tumors (pNETs): recent insights and advances. J Gastroenterol
(2012) 47:941–60. doi: 10.1007/s00535-012-0642-8

8. Palmieri LJ, Dermine S, Barre A, Dhooge M, Brezault C, Cottereau AS, et al.
Medical treatment of advanced pancreatic neuroendocrine neoplasms. J Clin Med
(2020) 9(6):1860. doi: 10.3390/jcm9061860

9. Barber TW, Hofman MS, Thomson BN, Hicks RJ. The potential for
induction peptide receptor chemoradionuclide therapy to render inoperable
pancreatic and duodenal neuroendocrine tumours resectable. Eur J Surg Oncol
(2012) 38:64–71. doi: 10.1016/j.ejso.2011.08.129

10. Garcia-Carbonero R, Sorbye H, Baudin E, Raymond E, Wiedenmann B,
Nieder le B , e t a l . ENETS consensus guide l ines for h igh-grade
gastroenteropancreatic neuroendocrine tumors and neuroendocrine carcinomas.
Neuroendocrinology (2016) 103:186–94. doi: 10.1159/000443172

11. Shi M, Fan Z, Xu J, Yang J, Li Y, Gao C, et al. Gastroenteropancreatic
neuroendocrine neoplasms G3: Novel insights and unmet needs. Biochim Biophys
Acta Rev Cancer (2021) 1876:188637. doi: 10.1016/j.bbcan.2021.188637

12. van Vliet EI, van Eijck CH, de Krijger RR, Nieveen van Dijkum EJ,
Teunissen JJ, Kam BL, et al. Neoadjuvant treatment of nonfunctioning
pancreatic neuroendocrine tumors with [177Lu-DOTA0,Tyr3]Octreotate. J Nucl
Med (2015) 56:1647–53. doi: 10.2967/jnumed.115.158899
13. Pavel M, Baudin E, Couvelard A, Krenning E, Oberg K, Steinmuller T, et al.
ENETS consensus guidelines for the management of patients with liver and other
distant metastases from neuroendocrine neoplasms of foregut, midgut, hindgut,
and unknown primary. Neuroendocrinology (2012) 95:157–76. doi: 10.1159/
000335597

14. Kaemmerer D, Prasad V, Daffner W, Horsch D, Kloppel G, Hommann M,
et al. Neoadjuvant peptide receptor radionuclide therapy for an inoperable
neuroendocrine pancreatic tumor. World J Gastroenterol (2009) 15:5867–70. doi:
10.3748/wjg.15.5867

15. Cloyd JM, Omichi K, Mizuno T, Kawaguchi Y, Tzeng CD, Conrad C, et al.
Preoperative fluorouracil, doxorubicin, and streptozocin for the treatment of
pancreatic neuroendocrine liver metastases. Ann Surg Oncol (2018) 25:1709–15.
doi: 10.1245/s10434-018-6468-8

16. Hayes AR,Mak IYF, Evans N, Naik R, Crawford A, Khoo B, et al. Understanding
the treatment algorithm of patients with metastatic pancreatic neuroendocrine
neoplasms: A single-institution retrospective analysis comparing outcomes of
chemotherapy, molecular targeted therapy, and peptide receptor radionuclide therapy
in 255 patients. Neuroendocrinology (2021) 111:863–75. doi: 10.1159/000511662

17. Rogers JE, Lam M, Halperin DM, Dagohoy CG, Yao JC, Dasari A. Fluorouracil,
doxorubicin with streptozocin and subsequent therapies in pancreatic neuroendocrine
tumors. Neuroendocrinology (2022) 112:34–42. doi: 10.1159/000514339

18. Stoeltzing O, Loss M, Huber E, Gross V, Eilles C, Mueller-Brand J, et al. Staged
surgery with neoadjuvant 90Y-DOTATOC therapy for down-sizing synchronous
bilobular hepatic metastases from a neuroendocrine pancreatic tumor. Langenbecks
Arch Surg (2010) 395:185–92. doi: 10.1007/s00423-009-0520-x

19. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
et al. New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer (2009) 45:228–47. doi: 10.1016/j.ejca.2008.10.026

20. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P,
et al. The 2019 WHO classification of tumours of the digestive system.
Histopathology (2020) 76:182–8. doi: 10.1111/his.13975

21. Mizrahi JD, Surana R, Valle JW, Shroff RT. Pancreatic cancer. Lancet (2020)
395:2008–20. doi: 10.1016/S0140-6736(20)30974-0

22. Callery MP, Chang KJ, Fishman EK, Talamonti MS, William Traverso L,
Linehan DC. Pretreatment assessment of resectable and borderline resectable
pancreatic cancer: expert consensus statement. Ann Surg Oncol (2009) 16:1727–
33. doi: 10.1245/s10434-009-0408-6

23. Ambe CM, Nguyen P, Centeno BA, Choi J, Strosberg J, Kvols L, et al.
Multimodality management of "Borderline resectable" pancreatic neuroendocrine
tumors: Report of a single-institution experience. Cancer Control (2017) 24(5):1–6.
doi: 10.1177/1073274817729076

24. Dumont F, Goudard Y, Caramella C, Goere D, Baudin E, Elias D.
Therapeutic strategies for advanced pancreatic neuroendocrine tumors with
segmental portal hypertension. World J Surg (2015) 39:1974–80. doi: 10.1007/
s00268-015-3030-8
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.981575/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.981575/full#supplementary-material
https://doi.org/10.1016/j.critrevonc.2019.102835
https://doi.org/10.1016/j.critrevonc.2019.102835
https://doi.org/10.1148/rg.2020200025
https://doi.org/10.1148/rg.2020200025
https://doi.org/10.3322/caac.21493
https://doi.org/10.1001/jamaoncol.2017.0589
https://doi.org/10.1001/jamaoncol.2017.0589
https://doi.org/10.1158/1078-0432.CCR-15-0548
https://doi.org/10.1158/1078-0432.CCR-15-0548
https://doi.org/10.1038/s41379-018-0110-y
https://doi.org/10.1038/s41379-018-0110-y
https://doi.org/10.1007/s00535-012-0642-8
https://doi.org/10.3390/jcm9061860
https://doi.org/10.1016/j.ejso.2011.08.129
https://doi.org/10.1159/000443172
https://doi.org/10.1016/j.bbcan.2021.188637
https://doi.org/10.2967/jnumed.115.158899
https://doi.org/10.1159/000335597
https://doi.org/10.1159/000335597
https://doi.org/10.3748/wjg.15.5867
https://doi.org/10.1245/s10434-018-6468-8
https://doi.org/10.1159/000511662
https://doi.org/10.1159/000514339
https://doi.org/10.1007/s00423-009-0520-x
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1111/his.13975
https://doi.org/10.1016/S0140-6736(20)30974-0
https://doi.org/10.1245/s10434-009-0408-6
https://doi.org/10.1177/1073274817729076
https://doi.org/10.1007/s00268-015-3030-8
https://doi.org/10.1007/s00268-015-3030-8
https://doi.org/10.3389/fonc.2022.981575
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2022.981575
25. Prakash L, Bhosale P, Cloyd J, Kim M, Parker N, Yao J, et al. Role of
fluorouracil, doxorubicin, and streptozocin therapy in the preoperative treatment
of localized pancreatic neuroendocrine tumors. J Gastrointest Surg (2017) 21:155–
63. doi: 10.1007/s11605-016-3270-4

26. Squires MH, Worth PJ, Konda B, Shah MH, Dillhoff ME, Abdel-Misih S,
et al. Neoadjuvant Capecitabine/Temozolomide for locally advanced or metastatic
pancreatic neuroendocrine tumors. Pancreas (2020) 49:355–60. doi: 10.1097/
MPA.0000000000001500

27. Schiavo Lena M, Partelli S, Castelli P, Andreasi V, Smart CE, Pisa E, et al.
Histopathological and immunophenotypic changes of pancreatic neuroendocrine
tumors after neoadjuvant peptide receptor radionuclide therapy (PRRT). Endocr
Pathol (2020) 31:119–31. doi: 10.1007/s12022-020-09623-4

28. Murase Y, Kudo A, Akahoshi K, Maekawa A, Ishikawa Y, Ueda H, et al.
Surgery after sunitinib administration to improve survival of patients with
advanced pancreatic neuroendocrine neoplasms. Ann Gastroenterol Surg (2021)
5:692–700. doi: 10.1002/ags3.12458

29. Janssen QP, Buettner S, Suker M, Beumer BR, Addeo P, Bachellier P, et al.
Neoadjuvant FOLFIRINOX in patients with borderline resectable pancreatic
cancer: A systematic review and patient-level meta-analysis. J Natl Cancer Inst
(2019) 111:782–94. doi: 10.1093/jnci/djz073

30. Gillen S, Schuster T, Meyer Zum Buschenfelde C, Friess H, Kleeff J.
Preoperative/neoadjuvant therapy in pancreatic cancer: A systematic review and
meta-analysis of response and resection percentages. PloS Med (2010) 7:e1000267.
doi: 10.1371/journal.pmed.1000267

31. Jang JY, Han Y, Lee H, Kim SW, Kwon W, Lee KH, et al. Oncological
benefits of neoadjuvant chemoradiation with gemcitabine versus upfront surgery in
patients with borderline resectable pancreatic cancer: A prospective, randomized,
open-label, multicenter phase 2/3 trial. Ann Surg (2018) 268:215–22. doi: 10.1097/
SLA.0000000000002705

32. Shah MH, Goldner WS, Benson AB, Bergsland E, Blaszkowsky LS,
Brock P, et al. Neuroendocrine and adrenal tumors, version 2.2021, NCCN
clinical practice guidelines in oncology. J Natl Compr Canc Netw (2021)
19:839–68. doi: 10.6004/jnccn.2021.0032

33. Howe JR, Merchant NB, Conrad C, Keutgen XM, Hallet J, Drebin JA, et al.
The north American neuroendocrine tumor society consensus paper on the
surgical management of pancreatic neuroendocrine tumors. Pancreas (2020)
49:1–33. doi: 10.1097/MPA.0000000000001454

34. Sowa-Staszczak A, Pach D, Chrzan R, Trofimiuk M, Stefanska A, Tomaszuk
M, et al. Peptide receptor radionuclide therapy as a potential tool for neoadjuvant
therapy in patients with inoperable neuroendocrine tumours (NETs). Eur J Nucl
Med Mol Imaging (2011) 38:1669–74. doi: 10.1007/s00259-011-1835-8

35. Ezziddin S, Lauschke H, Schaefers M, Meyer C, van Essen M, Biersack HJ,
et al. Neoadjuvant downsizing by internal radiation: a case for preoperative peptide
receptor radionuclide therapy in patients with pancreatic neuroendocrine tumors.
Clin Nucl Med (2012) 37:102–4. doi: 10.1097/RLU.0b013e318238f111

36. Modlin IM, Gustafsson BI, Moss SF, Pavel M, Tsolakis AV, Kidd M.
Chromogranin a–biological function and clinical utility in neuro endocrine tumor
disease. Ann Surg Oncol (2010) 17:2427–43. doi: 10.1245/s10434-010-1006-3
Frontiers in Oncology 13
37. Kulaksiz H, Eissele R, Rossler D, Schulz S, Hollt V, Cetin Y, et al. Identification of
somatostatin receptor subtypes 1, 2A, 3, and 5 in neuroendocrine tumours with subtype
specific antibodies. Gut (2002) 50:52–60. doi: 10.1136/gut.50.1.52

38. Feijtel D, de Jong M, Nonnekens J. Peptide receptor radionuclide therapy:
Looking back, looking forward. Curr Top Med Chem (2020) 20:2959–69. doi:
10.2174/1568026620666200226104652

39. Satapathy S, Mittal BR. 177Lu-DOTATATE peptide receptor radionuclide
therapy versus everolimus in advanced pancreatic neuroendocrine tumors: a
systematic review and meta-analysis. Nucl Med Commun (2019) 40:1195–203.
doi: 10.1097/MNM.0000000000001103

40. Fross-Baron K, Garske-Roman U, Welin S, Granberg D, Eriksson B, Khan T,
et al. 177Lu-DOTATATE therapy of advanced pancreatic neuroendocrine tumors
heavily pretreated with chemotherapy: Analysis of outcome, safety, and their
determinants. Neuroendocrinology (2021) 111:330–43. doi: 10.1159/000506746

41. Delaunoit T, Ducreux M, Boige V, Dromain C, Sabourin JC, Duvillard P,
et al. The doxorubicin-streptozotocin combination for the treatment of advanced
well-differentiated pancreatic endocrine carcinoma; a judicious option? Eur J
Cancer (2004) 40:515–20. doi: 10.1016/j.ejca.2003.09.035

42. de Mestier L, Couvelard A, Blazevic A, Hentic O, de Herder WW, Rebours
V, et al. Critical appraisal of MGMT in digestive NET treated with alkylating
agents. Endocr Relat Cancer (2020) 27:R391–405. doi: 10.1530/ERC-20-0227

43. Raj N, Valentino E, Capanu M, Tang LH, Basturk O, Untch BR, et al.
Treatment response and outcomes of grade 3 pancreatic neuroendocrine
neoplasms based on morphology: Well differentiated versus poorly differentiated.
Pancreas (2017) 46:296–301. doi: 10.1097/MPA.0000000000000735

44. Maxwell JE, Sherman SK, Howe JR. Translational diagnostics and
therapeutics in pancreatic neuroendocrine tumors. Clin Cancer Res (2016)
22:5022–9. doi: 10.1158/1078-0432.CCR-16-0435

45. Faivre S, Demetri G, Sargent W, Raymond E. Molecular basis for sunitinib
efficacy and future clinical development. Nat Rev Drug Discov (2007) 6:734–45. doi:
10.1038/nrd2380

46. Raymond E, Hammel P, Dreyer C, Maatescu C, Hentic O, Ruszniewski P,
et al. Sunitinib in pancreatic neuroendocrine tumors. Target Oncol (2012) 7:117–
25. doi: 10.1007/s11523-012-0220-2

47. Raymond E, Dahan L, Raoul JL, Bang YJ, Borbath I, Lombard-Bohas C, et al.
Sunitinib malate for the treatment of pancreatic neuroendocrine tumors. N Engl J
Med (2011) 364:501–13. doi: 10.1056/NEJMoa1003825

48. Fazio N, Kulke M, Rosbrook B, Fernandez K, Raymond E. Updated efficacy
and safety outcomes for patients with well-differentiated pancreatic
neuroendocrine tumors treated with sunitinib. Target Oncol (2021) 16:27–35.
doi: 10.1007/s11523-020-00784-0

49. Valle JW, Borbath I, Rosbrook B, Fernandez K, Raymond E. Sunitinib in
patients with pancreatic neuroendocrine tumors: update of safety data. Future
Oncol (2019) 15:1219–30. doi: 10.2217/fon-2018-0882

50. Raymond E, Kulke MH, Qin S, Yu X, Schenker M, Cubillo A, et al. Efficacy and
safety of sunitinib in patients with well-differentiated pancreatic neuroendocrine
tumours. Neuroendocrinology (2018) 107:237–45. doi: 10.1159/000491999
frontiersin.org

https://doi.org/10.1007/s11605-016-3270-4
https://doi.org/10.1097/MPA.0000000000001500
https://doi.org/10.1097/MPA.0000000000001500
https://doi.org/10.1007/s12022-020-09623-4
https://doi.org/10.1002/ags3.12458
https://doi.org/10.1093/jnci/djz073
https://doi.org/10.1371/journal.pmed.1000267
https://doi.org/10.1097/SLA.0000000000002705
https://doi.org/10.1097/SLA.0000000000002705
https://doi.org/10.6004/jnccn.2021.0032
https://doi.org/10.1097/MPA.0000000000001454
https://doi.org/10.1007/s00259-011-1835-8
https://doi.org/10.1097/RLU.0b013e318238f111
https://doi.org/10.1245/s10434-010-1006-3
https://doi.org/10.1136/gut.50.1.52
https://doi.org/10.2174/1568026620666200226104652
https://doi.org/10.1097/MNM.0000000000001103
https://doi.org/10.1159/000506746
https://doi.org/10.1016/j.ejca.2003.09.035
https://doi.org/10.1530/ERC-20-0227
https://doi.org/10.1097/MPA.0000000000000735
https://doi.org/10.1158/1078-0432.CCR-16-0435
https://doi.org/10.1038/nrd2380
https://doi.org/10.1007/s11523-012-0220-2
https://doi.org/10.1056/NEJMoa1003825
https://doi.org/10.1007/s11523-020-00784-0
https://doi.org/10.2217/fon-2018-0882
https://doi.org/10.1159/000491999
https://doi.org/10.3389/fonc.2022.981575
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Neoadjuvant therapy in pancreatic neuroendocrine neoplasms: A systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Search strategy and study selection criteria
	2.2 Data processing
	2.3 Statistical analysis

	3 Results
	3.1 Neoadjuvant therapy protocols
	3.1.1 Chemotherapy agents
	3.1.2 PRRT, PRCRT or target therapy

	3.2 Tumor response
	3.3 Surgical procedures
	3.4 Histological response
	3.5 Survival analysis
	3.6 Assessment of sensitivity analysis and publication bias

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


