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Abstract

Background Small bowel neuroendocrine neoplasms (SB-NEN) are rare cancers, population-based studies are

needed to study this rare indolent disease. The aim of this study was to explore trends in epidemiology, treatment and

survival outcomes of patients with SB-NEN based on Dutch nationwide data.

Patients and methods Patients with grade 1 or 2 SB-NEN diagnosed between 2005 and 2015 were retrieved from the

Netherlands Cancer Registry and linked to The Nationwide Network and Registry of Histo- and Cytopathology in the

Netherlands. Age-adjusted incidence rates were calculated based using the direct standardization method. Survival

analyses were performed with the Kaplan–Meier method.

Results A total of 1132 patients were included for epidemiological analyses. The age-adjusted incidence rate of SB-

NEN increased from 0.52 to 0.81 per 100.000 person-years between 2005 and 2015. Incidence was higher for males

than females (0.93 vs. 0.69 in 2015). Most patients had grade 1 tumours (83%). Surgery was performed in 86% of

patients, with resection of the primary tumour in 99%. During the study period, administration of somatostatin

analogues (SSAs) increased from 5 to 22% for stage III and from 27 to 63% for stage IV disease. Mean follow-up was

61 (standard deviation 38) months. Survival data were complete for 975/1132 patients and five-year overall survival

was 75% for stage I-II, 75% for stage III and 57% for stage IV.

Conclusions This study shows an increase in the incidence of SB-NEN in the Netherlands. A predominant role of

surgery was found in all disease stages. Use of SSAs has increased over time.

Supplementary Information The online version contains
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Introduction

Small bowel neuroendocrine neoplasms (SB-NEN) are

classified as a rare cancer type based on the incidence

of\4/100.00 persons per year [1]. Despite its rarity, it

represents 40% of all neoplasms of the small bowe00l [2],

while simultaneously being the most common site of origin

of gastroenteropancreatic neuroendocrine neoplasms

(GEP-NEN) (incidence 1.05 per 100.000 person-years) [1].

Patients present with non-specific symptoms (e.g.

abdominal pain) in 40% of the cases. Patients experience

symptoms related to excessive hormone secretion (e.g.

diarrhoea, flushing) in 20–30% of the cases [3]. Survival

rates of SB-NEN are relatively high compared to other

NENs, despite the delay (caused by non-specific symp-

toms) in diagnosis of these patients [1]. Two-thirds of the

patients have locoregional disease (stage I-III) with a cor-

responding 5-year overall survival ranging between 97 and

100% [3, 4]. The remaining one-third has distant metas-

tases (stage IV) with a reported 5-year overall survival of

approximately 85%. This favourable outcome in the

metastatic setting as compared to other malignancies might

be due to the fact that some patients (with liver only

metastases) are still eligible for curative intent surgery [3].

Recently, an increase in incidence and prevalence of

GEP-NENs was observed in a study from the United States

of America (USA) based on Surveillance, Epidemiology

and End Results (SEER) data [1]. The most recent epi-

demiological evaluation of SB-NENs in the Netherlands

was based on data between 1980 and 1997 [5]. The aim of

this study was to provide an update of these Dutch data and

to explore trends in epidemiology, treatment and survival

outcomes of patients with grade 1 and 2 SB-NEN between

2005 and 2015.

Methods

Study design

All patients with grade 1 and 2 SB-NEN diagnosed

between 2005 and 2015 were retrieved from the Nether-

lands Cancer Registry (NCR). This registry contains all

cases of cancer in the Netherlands (mean total population

of 16.9 million during the study period) based on hospital

records, and pathology reports, treatment and survival data.

Full pathology reports were requested from The Nation-

wide Network and Registry of Histo- and Cytopathology in

the Netherlands (PALGA; Pathologisch-Anatomisch Lan-

delijk Geautomiseerd Archief) [6]. This study is performed

in accordance with the STROBE guidelines [7].

Study population

Patients with pathologically proven grade 1 and 2 SB-NEN

of any stage were included. The diagnosis was based on the

International Classification of Disease-Oncology (ICD-O-

3) morphology codes according to the World Health

Organisation classification [8]. Exclusion criteria were

duodenal NENs, autopsy and cytology data, benign neo-

plasms and non-neuroendocrine neoplasms. Neuroen-

docrine carcinoma, mixed adenoneuroendocrine carcinoma

(MANEC) and patients with multiple primary cancers (e.g.

adenocarcinoma of the colon/breast cancer/lymphoma and

SB-NEN) were only used to calculate incidence rates.

Patients with high-grade tumours (NET G3, neuroen-

docrine carcinomas and MANEC) were excluded from

survival analyses. Autopsy data were excluded because

those patients died of other reasons than cancer-related, and

cytology data were excluded because histology is consid-

ered the standard to diagnose SB-NENs (3).

Data collection

Primary tumour location was classified as jejunum (C17.1),

ileum (C17.2) or small bowel not otherwise specified

(C17.9), according to the ICD-O-3 codes. C17.9 reports

were checked manually for tumour location. Tumour grade

was based on the Ki67 index or mitoses index reported in

the pathology reports, whichever was higher [9]. Tumour

stage was reported based on the pathological tumour-node-

metastasis (TNM) classification at the time of registration

(6th edition during 2003–2009 and 7th edition during

2010–2016), supplemented with the clinical TNM classi-

fication [10, 11]. A one-digit summary stage (Extent of

Disease) was recorded in patients without pathological

confirmation of cancer [12]. The Extent of Disease code is

used for patients who had no TNM stage available.

Data in both NCR and PALGA databases correspond

based on unique NCR-codes. This feature was used to

couple both datasets. Data regarding topography (site of

primary), differentiation grade, resection margins, TNM

staging, tumour positive lymph nodes reported by the NCR

were cross-checked with the full pathology reports pro-

vided by PALGA. Morphology codes (cell of origin) were

used in case of a mismatch in differentiation grade [13].

Data from PALGA prevailed, in case of disagreement

between both datasets, because the pathology reports are

more detailed. Tumour grading was based on the WHO

2010 classification. Finally, all tumours were restaged

according to the 8th edition of the TNM classification to

avoid differences between different TNM classifications

[14]. The study period was divided into three time periods

(2005–2007, 2008–2011 and 2012–2015), based on the

publication date of the ENETS guidelines to compare
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different treatment strategies, stratified for disease stage

[15, 16]. NCR only includes treatments 9 months before or

after diagnosis.

In case of multiple pathology reports (e.g. one biopsy

followed by resection), the first date was used for survival

analyses. Time to treatment analyses could not be per-

formed because the diagnosis was based on pathology data,

which was often the date of surgery. Survival was defined

as the time between date of diagnosis and date of death or

censored at last follow-up date. Records of patients with

pathologically proven recurrences were assessed for pos-

sible tumour dedifferentiation (i.e. tumour grade change

from G1 to G2). Incidental diagnosis was defined as a

patient whose first pathology report describes a resection

with signs of ileus/stenosis/perforation, without previous

biopsy available.

Statistical analysis

Study populations were categorized into five age groups

(\20, 20–40, 40–65, 65–80 and C80) according to Statis-

tics Netherlands (CBS). Age-adjusted incidence rates were

calculated, as this enables comparison with other countries,

based on population data from CBS and were age-adjusted

to the European Standard Population (ESP) of 2010 using

the direct standardization method [17]. Baseline and

treatment characteristics were compared between regional

and university hospitals. Survival analyses were performed

using the Kaplan–Meier method and compared with the

Log-Rank test. To analyse differences in survival outcomes

over the years, overall survival was calculated by strati-

fying for periods at which different versions of the ENETS

guidelines were published (2005–2007, 2008–2011 and

2012–2015). Univariable and multivariable Cox propor-

tional hazards regression models were used to estimate

hazard ratios (HR) with 95% confidence intervals (95% CI)

to identify factors associated with survival. A two-sided

P value B0.05 was considered statistically significant. Data

were analysed using the Statistical Package for Social

Sciences (SPSS) version 26.0 (IBM Corp. Armonk, NY,

USA).

Results

A total of 1451 patients were identified, of whom 1132

were eligible for epidemiological analysis. The age-ad-

justed incidence rate increased from 0.52 to 0.81 per

100.000 persons years between 2005 and 2015 (Fig. 1).

Males had higher incidence rates than females throughout

the years, with an incidence of 0.93 versus 0.69 per

100.000 persons in 2015.

Patients demographics

After excluding multiple primary cancers (N=122), high-

grade tumours (N=28) and MANEC (N=7), 975 patients

were left for survival analyses. Mean age at diagnosis was

63 (SD ±12) years. Baseline characteristics are summa-

rized in Table 1. Patients from university hospitals were

significantly younger and had significantly more often

multiple primary SB-NEN than patients from primary

centres. All other patient and tumour characteristics were

similar for the two types of hospitals. Mean follow-up was

61 (SD ±38) months, and all-cause mortality was 33%.

Most patients had a grade 1 tumour (83%) (WHO 2010).

Lymph node metastases (either pN1 or pN2) were present

in 84% of G1 and 89% of G2 tumours (P=0.26). Distant

metastases were more frequent in G2 (56%) than G1 (34%)

tumours (P\0.001), and in node-positive than node-nega-

tive tumours (36% vs. 26%) (P=0.030).

Survival outcomes

Five-year overall survival of the entire cohort was 67%

(Fig. 2a). There were no significant differences in overall

survival for patients diagnosed in different years (5-year

overall survival of 62% in 2005–2007, 67% in 2008–2011

and 62% in 2012–2015, P=0.39), or diagnosed in academic

(66%) or regional hospitals (67%) (P=0.74). Differences in

survival outcomes between different types of hospitals and

stratified for disease stages were present but were not

significant: stage I-II 72 versus. 89%, stage III 76 versus.

67%, stage IV 56 versus. 62% for regional vs. academic

hospitals, respectively. Five-year overall survival was 70%

for G1, which was significantly higher (P=0.002) than the

64% survival rate for G2 tumours (Fig. 2b). Stratified for

stage, 5-year overall survival was 75% for stage I-II, 75%

for stage III and 57% for stage IV (Fig. 2c). Stage I-II and

Fig.1 Age-adjusted incidence rates of patients diagnosed with SB-

NEN between 2005 and 2015 in the Netherlands, stratified for sex
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III disease showed significantly better survival compared to

stage IV disease, with an absolute difference in mean

survival of at least 21 months (P=0.019 and P\0.001,

respectively). Presence or absence of multifocal primary

SB-NEN did not affect survival (P=0.75). Pathologically

proven recurrence was present in 80/975 (8%) patients, and

9/80 (11%) had tumour dedifferentiation.

Treatment strategies

The majority of the patients underwent surgery (86%),

which comprised resection of the primary tumour in 99%

(Table 2). The R0 resection rates increased over the years

and was 84%, 81% and 62% in stage I-II, stage III and

stage IV disease (Table 2). Findings that suggest an

Table 1 Patient and tumour characteristics stratified for centre of diagnosis

Characteristics Missing Total (N=974) Diagnosis at:

Regional hospital (N=788) University hospital (N=186) P value

Sex

Male 0 511 (52) 414 (53) 97 (52) 0.92

Age 0

\ 20 1 (0) 0 (0) 1 (1) 0.002

20 up to 40 26 (3) 20 (3) 6 (3)

40 up to 65 482 (49) 372 (47) 110 (59)

65 up to 80 386 (40) 324 (41) 62 (33)

C80 79 (8) 72 (9) 7 (4)

Clinical disease stage 431 (44) 358 (83) 73 (17)

Stage I-II 40 (4) 34 (8) 6 (5) 0.63

Stage III 119 (12) 93 (21) 26 (23)

Stage IV 384 (39) 303 (71) 81 (72)

Pathological TNM-stage 184 (19) 155 (84) 29 (16)

pT

T1 49 (5) 40 (6) 9 (6) 0.45

T2 92 (9) 79 (13) 13 (8)

T3 386 (40) 303 (48) 83 (53)

T4 263 (27) 211 (33) 52 (33)

Multiple tumours * 172 (18) 128 (17) 44 (24) 0.031

pN 256 (26) 214 (84) 42 (16)

N0 109 (11) 90 (16) 19 (13) 0.71

N1 510 (52) 404 (70) 106 (74)

N2 99 (10) 80 (14) 19 (13)

pM1 *

pM1a 209 (21) 168 (57) 41 (56) 0.78

pM1b 129 (13) 104 (36) 25 (34)

pM1c 28 (3) 21 (7) 7 (10)

Prognostic stage group 128 (13) 111 (87) 17 (13)

Stage I-II 70 (7) 57 (8) 13 (8) 0.95

Stage III 410 (42) 327 (48) 83 (49)

Stage IV 366 (38) 293 (43) 73 (43)

Tumour grade 11 (1) 10 (91) 1 (9)

Grade 1 800 (82) 652 (84) 148 (80) 0.22

Grade 2 163 (17) 126 (16) 37 (20)

Recurrence *

Dedifferentiation 9/79 (11) 7/61 (12) 2/18 (11) 0.08

Bold numbers depict statistically significant P values

*Depicts characteristics for which missing variables could not reliably be calculated.
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incidental diagnosis were ileus, stenosis and perforation,

which were reported in 2–3% of the pathology reports.

SSA use was significantly higher in university hospitals

90/223 (40%) patients, compared to 98/613 (16%) patients

in regional hospitals (P\0.001).

Survival was not different for stage IV disease after

primary or simultaneous resection of primary and metas-

tases (Supplementary Fig. 1). Survival after surgery and

after surgery combined with somatostatin analogues

(SSAs) were significantly longer than survival after SSA

Fig.2 Overall survival of (A)
all patients, (B) patients with

different tumour grades, (C)
patients based on tumour stage,

(D) patients stratified for

different treatments
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Fig.2 continued
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alone (P\0.001, P=0.001) (Fig. 2d). A similar effect is

observed in the presence of distant metastases (Supple-

mentary Fig. 2). Surgery, SSA or a combination of both

were included in the survival analyses, since the other

treatment groups were too small.

In Table 2, time trends in treatment modalities for SB-

NEN are presented. All patients with stage I-II disease

underwent resection. Throughout the years, the resection

rate for stage I-III disease remained high (96–100%) and

administration of SSAs increased from 5 to 22% for stage

III between 2005 and 2015. In patients with stage IV dis-

ease, the primary tumour resection rate decreased, while

administration of SSAs more than doubled during the study

period from 27 to 63%. Complete (R0) resections were

performed in 57/62 (90%) patients with stage I-II disease,

300/352 (85%) patients with stage III disease and 164/221

(74%) patients with stage IV disease. All treatments that

are reported in the NCR database took place within

9 months from diagnosis.

Factors associated with survival

Male sex, age between 20 and 40, 65–80 and C80 years,

stage I-II and III disease, grade 2 tumours, surgery and SSA

use showed an association with a shorter overall survival in

univariable analysis. In multivariable analysis, male sex

(HR 1.39, 95% CI 1.09–1.78, P=0.008), age between 65

and 80 years (HR 2.93, 95% CI 2.23–3.87, P\0.001),

age C80 years (HR 9.99, 95% CI 6.61–15.11, P\0.001),

stage III disease (HR 0.51, 95% CI 0.38–0.69, P\0.001

with stage IV as reference), grade 2 tumours (HR 1.48,

95% CI 1.09–2.02, P=0.013) and not having surgery (HR

1.50, 95% CI 1.07–2.09, P=0.018) all showed a significant

association with a shorter overall survival. The results of

Table 2 Trends in treatment for patients with SB-NEN in the Netherlands, according to postoperative disease stage

Stage Treatment 2005–2007, No. (%) 2008–2011, No. (%) 2012–2015, No. (%)

Stage I-II Total patients 13 (100) 25 (100) 32 (100)

Primary resectiona 13 (100) 25 (100) 32 (100)

R0 10 (77) 20 (80) 27 (84)

R1/2 2 (15) 2 (8) 2 (6)

SSA – 1 (4) 4 (13)

Stage III Total patients 73 (100) 142 (100) 195 (100)

Primary resectiona 70 (96) 136 (96) 190 (97)

R0 46 (65) 100 (74) 154 (81)

R1/2 12 (17) 20 (15) 20 (11)

SSA 4 (5) 17 (12) 43 (22)

PRRT – 1 (1) –

Systemic therapy – – 1 (1)

No therapy – 2 (1) 3 (2)

Stage IV Total patients 73 (100) 123 (100) 170 (100)

Primary resectiona 61 (84) 89 (72) 116 (68)

R0 31 (51) 61 (69) 72 (62)

R1/2 15 (25) 18 (20) 24 (21)

Metastasectomy 11 (15) 23 (19) 20 (12)

SSA 20 (27) 54 (44) 107 (63)

Systemic therapy 2 (3) 2 (2) 2 (1)

RFA 1 (1) 1 (1) –

PRRT 1 (1) 2 (2) –

Embolization – 2 (2) 3 (2)

Radiotherapy – 1 (1) –

No therapy 6 (8) 2 (2) 9 (5)

Treatments are reported in a range of 9 months before or after diagnosis
aResection margins do not add up to 100% due to missing variables

PRRT peptide receptor radioligand therapy, RFA radiofrequency ablation, SSA somatostatin analogues

2488 World J Surg (2021) 45:2482–2491

123



univariable and multivariable analyses for overall survival

are shown in Table 3.

Discussion

This population-based study observed an increase in inci-

dence of grade 1 and 2 SB-NEN between 2005 and 2015,

and surgery remained the mainstay of treatment. The most

remarkable changes were seen for stage IV SB-NEN, with

a reduced rate of surgery and substantial increase in the use

of SSAs. Survival did not change over time. Five-year

overall survival rate of 75% for stage I-II disease was

relatively low and similar to survival of patients with stage

III SB-NEN.

The increase in incidence of SB-NEN in the Netherlands

(56% in the last 10 years (0.81 per 100.000 persons) can be

explained by more clinical awareness and increased uti-

lization of cross-sectional imaging for any reason, even

including screening. Such imaging might reveal asymp-

tomatic liver lesions or lymph node metastases in the

mesentery, that eventually turn-out to originate from SB-

NEN. Furthermore, SB-NEN might increasingly be diag-

nosed as incidentalomas by pathologists in resection

specimens after surgery for other diagnoses. The incidence

has also risen compared to the prior study conducted in the

Netherlands, which dates from 2001 [5]. Previous popu-

lation-based studies conducted in Europe reported compa-

rable increased incidence rates: 0.29 in Austria

(2004–2005, grade 1 and 2 only), 0.30 in Italy (1981–2005,

grades not reported), 0.80 in Iceland (2000–2014, grades

not reported) and 0.81 in Norway (1993–2004, grades not

reported), per 100.000 persons (18–21). Another explana-

tion for the increase in incidence is an ageing population.

Table 3 Univariable and multivariable survival analyses of patients with SB-NEN in the Netherlands

Risk factors Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Sex

Male 1.19 (0.96–1.48) 0.12 1.39 (1.09–1.78) 0.008

Female 1 [Reference] 1 [Reference]

Age

\20 – –

20 up to 40 0.20 (0.03–1.41) 0.11 0.27 (0.04–1.95) 0.19

40 up to 65 1 [Reference] 1 [Reference]

65 up to 80 2.81 (2.19–3.60) <0.001 2.93 (2.23–3.87) <0.001

C80 6.34 (4.52–8.89) <0.001 9.99 (6.61–15.11) <0.001

Multiple primary SB-NEN

Yes 1.03 (0.77–1.38) 0.83 –

No 1 [Reference] –

Disease stage

Stage I-II 0.56 (0.34–0.91) 0.020 0.63 (0.37–1.07) 0.08

Stage III 0.55 (0.42–0.70) <0.001 0.51 (0.38–0.69) <0.001

Stage IV 1 [Reference]

Tumour grade

Grade 1 1 [Reference] 1 [Reference]

Grade 2 1.49 (1.12–1.99) 0.006 1.48 (1.09–2.02) 0.013

Resection margin

R0 1 [Reference] –

R1/2 1.14 (0.81–1.60) 0.44 –

Surgery

Yes 1 [Reference] 1 [Reference]

No 1.99 (1.53–2.62) <0.001 1.50 (1.07–2.09) 0.018

SSA

Yes 1.25 (0.98–1.60) 0.07 1.09 (0.81–1.46) 0.57

No 1 [Reference] 1 [Reference]

Bold numbers depict statistically significant P values
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While some studies report relatively high 5-year overall

survival rates for stage IV disease (69–85%), this trend is

not seen in the Netherlands where survival rates are lower

(57%) [1–22]. Similarly, 5-year overall survival in stage

I-II was relatively low (75%) compared to the literature [3].

This could be due to differences in patient populations

regarding competing risks of death, besides pathological

classification, inclusion criteria (because only grade 1 and 2

were included), statistical methods, treatment differences

between countries, and different inclusion periods. Survival

outcomes differ between treatment strategies (Fig. 2d), but

this is probably due to the imbalance in disease stages

among the different treatment modalities (Table 2). We

also observed a relatively low pathologically proven

recurrence rate (8%), which is most likely an underesti-

mation, as other studies report recurrence rates as high as

31–64% [23, 24]. The low recurrence rate might be

explained by the high frequency of lack of histological

confirmation of recurrent disease and subsequently under-

reporting in the PALGA database. Indeed, Cives et al.

diagnosed macroscopic recurrence by imaging or surgical

exploration, and Le Roux et al. diagnosed recurrence in

asymptomatic patients with imaging during follow-up

monitoring [23, 24].

Multifocal SB-NEN were only present in 18% of the

patients, which differs from the literature (45–54%)

[25, 26]. However, our data show that tumour multifocality

is not associated with overall survival [26]. A Swiss pop-

ulation-based study investigating treatment sequences in

NENs found that 80% of SB-NEN patients received sur-

gery (either with or without subsequent therapy), which is a

similar rate as found by the present study (86%) [27]. An

increase in SSA administration was seen for all stages, with

a doubling for stage IV SB-NEN. This is probably a con-

sequence of the positive effects of SSAs that have been

reported: reduction of excessive hormone secretion by

(liver) metastases, prolonged progression-free survival and

anti-proliferative effects [28, 29].

Surprisingly, no significant differences in neither clini-

cal or pathological TNM stages were observed between

university and regional hospitals. Hence, patients were not

referred for surgical resection to either one of those centres

based on cTNM stages between 2005 and 2015. It is likely

that centralization improves patient outcomes as choosing

the right treatment strategy is evenly, if not more, chal-

lenging than executing the treatment itself (except for

complex surgery). Nevertheless, current data did not show

any survival difference between academic and regional

hospitals. Probably, clinicians should focus first on dis-

cussing all patients in a multidisciplinary team (MDT)

meeting in a specialized centre for NENs. Taken together,

an international, multicentre registry with data on patient

level is needed to carefully investigate diagnostic, treat-

ment and outcome variables.

Long-term nationwide population-based data were used

for this study, making it more representative than cohort

studies and enable description of trends over the years.

However, the findings of this study should be seen in light

of some limitations. Comorbidity data were missing which

might have influenced survival. To reduce this effect,

patients with multiple primary cancers were excluded from

survival analyses. Second, pTNM stage was used as a

stratifying factor although in real-life treatment strategies

are chosen based on cTNM stage. Third, pathological

classification of NENs according to the WHO has changed

over the years. This could lead to wrongly classified

lesions. Fourth, imaging data during follow-up were not

present, which is especially useful to give insights in dis-

ease recurrence and therefore the actual incidence is

probably higher than reported by the NCR. Finally, treat-

ment is only registered within 9 months from diagnosis,

and the dataset lacks details on several specific local

treatments of metastatic disease, such as peptide receptor

radionuclide therapy, embolization, stereotactic radiother-

apy and thermal ablation. This limits evaluation of all types

of treatments given during complete follow-up.

Conclusions

In conclusion, this study showed an increase in the inci-

dence of grade 1 and 2 SB-NEN, which is not uniformly

reported in Europe. Surgery is still the cornerstone of

treatment. An increase in use of SSAs was observed in

stage IV disease over time. Stage-dependent survival was

relatively low compared to the literature and remained

similar over time.
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