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Background

Tumor grade determined by the Ki67 index is the best prognostic factor for pancreatic neuroendocrine tumors (PanNETs). However, we often observe that the grade of metastases differs from that of their primary tumors. This study aimed to investigate the frequency of grade changes between primary tumors and metastases, explore its association with clinical characteristics, and correlate the findings with the prognosis.



Methods

Six hundred forty-eight patients with pancreatic neuroendocrine neoplasms treated at Fudan University Shanghai Cancer Center were screened for inclusion, and 103 patients with PanNETs who had paired primary tumors and metastases with an available Ki67 index were included. Re-evaluation of Ki67 was performed on 98 available samples from 69 patients.



Results

Fifty cases (48.5%) had a Ki67 index variation, and 18 cases (17.5%) displayed a grade increase. Metachronous metastases showed significantly higher Ki67 index variation than synchronous metastases (P=0.028). Kaplan–Meier analyses showed that high-grade metastases compared to low-grade primary tumors were significantly associated with decreased progression-free survival (PFS, P=0.012) and overall survival (OS, P=0.027). Multivariable Cox regression analyses demonstrated that a low-grade increase to high-grade was an unfavorable and independent prognostic factor for PFS and OS (P=0.010, and P=0.041, respectively).



Conclusions

A high-grade increase in metastases was an unfavorable predictor of PanNETs, which emphasized the importance of accurate pathological grading and could provide a reference for clinical decision-making.
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Introduction

Pancreatic neuroendocrine tumors (PanNETs) are a rare and heterogeneous group of tumors arising from the neuroendocrine system, and their prevalence has markedly increased over the last four decades (1–3). The clinical courses of PanNETs are highly variable, and their prognosis differs widely, ranging from indolent tumors with reasonable survival to distant metastases of an aggressive nature with a poor prognosis. Up to 80% of patients with PanNETs present with metastases at the time of diagnosis, mainly to the liver (4–6), whose median survival is only 23 months, compared to 124 months for localized disease (7). PanNETs with metastases require a multidisciplinary treatment approach, including surgery (8), somatostatin analogs (SSAs), targeted therapy, namely, everolimus and sunitinib (9, 10), chemotherapy (11), and/or peptide receptor radionuclide therapy (12). Surgery remains the only curative treatment for these patients, and patients can benefit from neoadjuvant treatment (NAT).

For better prognostic stratification, the European Neuroendocrine Tumor Society (ENETS) originally proposed a three-tiered grading system for gastroenteropancreatic neuroendocrine neoplasms (GEP-NENs) in 2006, and the World Health Organization (WHO) adopted the classification in 2010, which was mainly based on the Ki67 index and mitotic index (13–15). The WHO modified the classification in 2017 and divided pancreatic neuroendocrine neoplasms (PanNENs) into well-differentiated neuroendocrine tumors (NETs) and poorly differentiated neuroendocrine carcinoma (NEC). Given that the Ki67 index has been proven to be the most reliable and best prognostic factor of PanNENs (16), the 2017 WHO classification requires its use and strongly recommends careful evaluation of the Ki67 index. Accordingly, well-differentiated NETs are further divided into the following grades by the Ki67 index: G1: <3%; G2: 3–20%; G3: >20% (17, 18).

Grade currently plays a pivotal role in the clinical management of patients with NETs, especially PanNETs (19). However, concerns exist regarding Ki67 index variation and grade differences between the primary tumors and metastases (20–22). We also observed that the grade of metastases differed from that of their primary tumors in PanNET patients in clinical setting. Here, we set out to investigate the frequency of grade changes between primary tumors and metastases in PanNETs, to explore the association between clinical characteristics and grade changes and to determine whether grade changes correlate with patient outcomes. A better understanding of grade changes could add to our understanding of the heterogeneity between primary tumors and metastases in PanNETs and contribute to clinical decision-making.



Methods


Patient population

A total of 648 patients with pathology-confirmed PanNENs who were treated at Fudan University Shanghai Cancer Center (FUSCC) between January 1, 2006, and February 1, 2020, were screened for inclusion. Exclusion criteria for the study cohort were familial syndromes, no metastatic disease, and no pathology reports available or consultation with our institution. Then, 169 patients with metastatic PanNETs were included for further eligibility evaluation. Next, 103 patients who had paired primary tumors and metastases with an available Ki67 index were identified as the study cohort. To assess the selection bias due to the inclusion of patients who had paired primary tumors and metastases with an available Ki67 index, the remaining 66 patients who did not have paired tumors with an available Ki67 index were identified as the bias-control group. Additionally, to explore whether NETs evolved to NEC, 15 patients with metastatic PanNEC were served as additional data.

The study cohort consisted of 91 patients who underwent resection and 12 patients who underwent needle biopsy or laparotomy with biopsy. In the resection cohort, 74 and 17 patients had synchronous and metachronous metastases, respectively. The biopsy cohort consisted of 12 patients with synchronous metastases. Metastatic PanNETs patients with high-risk factors, including relatively large tumors, blood vessels and adjacent organ invasion were routinely received preoperative NAT. And surgical resection was considered after multidisciplinary discussion if the tumors stabilized or regressed. Pathology reports, including Ki67 index, size of the tumor, perineural, lymphatic, and microvascular invasion, and clinical data, including sex, age, operative procedures, treatment information, and follow-up information, were retrospectively reviewed from the medical record database.

Patients were observed at 3- to 6-month intervals following resection or biopsy and underwent physical examination, laboratory investigation and contrast-enhanced computed tomography or magnetic resonance imaging of the chest/abdomen/pelvis. PFS was defined as the time from the date of resection or biopsy to the date of progression. OS was defined as the time from the date of resection or biopsy to the date of either death (event) or the last follow-up (censored).

Tumors were restaged and regraded based on the 8th edition American Joint Committee on Cancer (AJCC 8th) tumor-node-metastasis (TNM) staging system and 2019 WHO classification. Metastatic diseases were divided into locoregional (nodal or mesenteric involvement) and distant metastases (liver, peritoneum or other sites). Liver metastases (LM) were classified into type I, II and III (23). Type I LM were confined to one liver lobe or two adjacent segments that could be removed by a standard anatomical resection. Type II LM primarily affected one lobe, with smaller satellites contralaterally, and could be managed surgically, including ablative approaches. Type III LM were diffuse, multifocal liver metastases that could not be treated surgically.

This retrospective study was approved by the institutional research ethics committee of FUSCC, and informed consent was obtained from the patients included in this study.



Immunohistochemistry and re-evaluation

Formalin-fixed, paraffin-embedded (FFPE) samples of 69 patients were available, including 63 primary tumors, 5 involved lymph nodes, and 30 LM. Slides of these samples were subjected to Ki67 immunohistochemical staining (MIB-1, Dako Corporation, CA, USA) using a two-step method as previously described (24–27). Detailed experimental procedures were described in the Supplementary Materials [available in a digital data repository (28)]. Additionally, TP53 mutation was associated with Ki67 index variation and might be a possible biologic mechanism for high-grade transition (22, 29, 30). Therefore, we selected FFPE samples of 27 patients for p53 immunohistochemical staining (ab1101, Abcam, Cambridge, UK). Abnormal p53 expression was defined as complete absence or more than 10% of tumor cells presented with moderate to strong nuclear positivity (30–32).



Statistical analyses

Statistical analyses were performed using SPSS (version 25.0, IBM, Armonk, NY, USA). Continuous variables were compared by nonparametric tests or Student’s t-test. Categorical variables were compared by Pearson’s chi-squared test or Fisher’s test. The Kaplan–Meier method and log-rank test were used to estimate significant differences in survival. Cox regression analyses were performed to identify independent prognostic factors of PFS and OS. Variables significantly associated with PFS or OS in the univariable analysis were included in the multivariable analysis. Logistic regression models were used to control confounding variables. Two-sided P values of <0.05 were considered statistically significant. Figures were drawn with GraphPad Prism (version 8.0, San Diego, CA, USA, www.graphpad.com).




Results


Patient characteristics

A total of 103 patients who had paired primary tumors and metastases with an available Ki67 index were identified as the study cohort. These patients were divided into a resection cohort and a biopsy cohort (Figure 1). The clinicopathological characteristics and treatment information of the study cohort, resection cohort, and biopsy cohort were analyzed and are summarized in Table 1. In the study cohort, 4 patients had functional tumors, and their specific information is shown in Supplementary Table S1. The grade at first diagnosis was distributed as follows: G1 NET-10 (9.7%), G2 NET-76 (73.8%), and G3 NET-17 (16.5%). A total of 20 patients underwent pancreatoduodenectomy with or without LM resection, 66 patients underwent distal pancreatectomy with or without LM resection, 4 patients underwent total pancreatectomy with or without LM resection, and one patient underwent middle pancreatectomy with LM resection. Furthermore, 3 patients underwent laparotomy with biopsy, and 9 patients underwent needle biopsy. For sites of metastases, 92 patients (89.3%) had LM, 9 patients (8.7%) had nodal or mesenteric metastases, and 2 patients (1.9%) had peritoneum or other distant metastases. In addition, 86 patients (83.5%) were diagnosed with synchronous metastases, and 17 patients (16.5%) developed metachronous metastases.




Figure 1 | Flow diagram of the study cohort. Out of the 648 patients with PanNENs, 169 patients with metastatic PanNETs were included for further eligibility evaluation. Then 103 patients had paired primary tumors and metastases with an available Ki67 index were identified as the study cohort, and the remaining 66 patients were identified as the bias-control group. The study cohort consisted of 91 patients underwent resection and 12 patients experienced biopsy. In resection cohort, 74 and 17 patients had synchronous and metachronous metastases, respectively. And biopsy cohort consisted of 12 patients with synchronous metastases.




Table 1. Demographics and clinical characteristics of the study cohort, resection and biopsy cohort.





Ki67 index variation and grade changes between primary tumors and metastases

In the study cohort, 50 cases (48.5%) showed variance in the Ki67 index between primary tumors and metastases, and the median variation in the Ki67 index in metastases compared to primary tumors was 0%, ranging from -14% to +29% (Table 2). The Ki67 variation led to grade changes between the primary tumors and metastases; 18 patients (17.5%) had a grade increase, and a grade decrease was observed in 6 patients (5.8%). Among those with grade increases, 7 patients (6.8%) changed from G1 to G2, 4 patients (3.9%) changed from G1 to G3, and 7 patients (6.8%) changed from G2 to G3 (Figures 2A–D). The characteristics of the eleven patients with G1 or G2 (G1/G2) increase to G3 are shown in Supplementary Table S2. In addition, grade changes between the primary tumors and metastases were found in 21 cases (23.1%) in the resection cohort and 3 cases (25.0%) in the biopsy cohort.


Table 2. Ki67 index variation and grade changes in metastases compared to primary tumors in PanNETs.






Figure 2 | (A–D) Immunohistochemistry staining of Ki67 in available paired primary tumors and metastases, showing G1 increase to G2, G1 increase to G3, G2 increase to G3, and G2 decrease to G1, respectively. Magnification: 400×. (E) Association among clinicopathological characteristics, Ki67 index variation and grade changes. (a) Metachronous metastases showed higher Ki67 index variation than synchronous metastases. (b, c) Patients with AJCC 8th stage I/II showed higher frequency of grade increase, and G1/G2 increase to G3 than patients with AJCC 8th stage III/IV.





Association among clinical characteristics, Ki67 index variation, and grade changes

Metachronous metastases showed significantly higher Ki67 index variation than synchronous metastases (P=0.028, Figures 2Ea). Meanwhile, metachronous metastases had a higher proportion of G1/G2 increase to G3 than synchronous metastases, although the difference was not significant (P=0.060). Patients with AJCC 8th stage I/II showed a higher frequency of grade increase and G1/G2 increase to G3 than patients with AJCC 8th stage III/IV (P=0.033 and P=0.012, respectively, Figures 2Eb, c), which was consistent with the result that metachronous metastases showed higher Ki67 index variation. In the eleven patients with a G1/G2 increase to G3, all 4 patients with metachronous metastases and AJCC 8th stage II at first diagnosis showed a G2 increase to G3; among the 7 patients with synchronous metastases and AJCC 8th stage IV at first diagnosis, 4 patients had a G1 increase to G3, and the remaining 3 patients had a G2 increase to G3, indicating that patients with stage IV were more likely to have a more severe grade increase (Supplementary Table S2).



Ki67 index variation and grade changes in advanced patients who received NAT

Increasing evidence supports the application of NAT in advanced PanNETs (33, 34). Among the 68 advanced patients (AJCC 8th stage IV) who underwent surgical resection, 31 patients received NAT, and 37 cases did not receive NAT. The clinicopathological characteristics and treatment information of these patients are summarized in Supplementary Table S3. Of the 31 patients receiving NAT, 9 patients (29.0%) received SSAs with or without targeted therapy, 11 patients (35.5%) received capecitabine and temozolomide (CAPTEM) with or without targeted therapy, 7 patients (22.6%) received SSAs+CAPTEM with or without targeted therapy, a case (3.2%) received locoregional treatment, 2 patients (6.5%) received other chemotherapeutic regimens, and one patient (3.2%) received targeted therapy. All patients treated with NAT had LM, including 2 patients (6.5%) with type I LM, 2 patients (6.5%) with type II LM, and 27 patients (87.1%) with type III LM. Patients who received NAT presented a significantly higher proportion of type III LM than those who did not receive NAT (87.1% vs. 50.0%, P=0.009).

These patients achieved the effect of tumor stabilization or regression after receiving NAT and could be considered for surgery after multidisciplinary discussion. Among them, 8 patients underwent pancreaticoduodenal resection with LM, and 23 cases underwent distal pancreaticoduodenal resection with LM. Additionally, advanced patients who received NAT presented a significantly higher proportion of grade increase (25.8% vs. 5.4%, P=0.018) than those who did not receive NAT (Table S3).



Survival analyses

Next, we performed survival analyses to determine whether grade changes affect the patient prognosis. In the study cohort, the median follow-up time was 48.0 months [95% confidence interval (CI): 39.70-56.30], and the median PFS was 10.0 months (95% CI: 6.33-13.67). The Kaplan–Meier survival probability estimates of 1-year, 3-year, and 5-year progression-free survival were 41.7%, 18.4%, and 6.8%, respectively. The Kaplan–Meier survival probability estimates of 1-year, 3-year, and 5-year overall survival were 85.4%, 52.4%, and 28.2%, respectively (Figure S1). Of importance, G1/G2 increase to G3 was significantly associated with shorter PFS and OS than stable G1/G2 (P=0.012 and P=0.027, respectively, Figure 3). G2 increase to G3 was associated with shorter PFS and OS, although it was not statistically significant (P=0.115, and P=0.064, respectively, Supplementary Figures S2A, B). In addition, G2 decrease to G1 was associated with a longer OS, although the difference was not statistically significant (P=0.445, Supplementary Figure S2D).




Figure 3 | Kaplan-Meier curves depicting progression-free survival (PFS) and overall survival (OS) for patients G1/G2 increase to G3. (A) Patients with G1/G2 increase to G3 had decreased PFS than patients with stable G1/2 (P=0.012). (B) Patients with G1/G2 increase to G3 had decreased OS than patients with stable G1/2 (P=0.027).



Univariable analyses demonstrated that biopsy, NAT, and a low-grade increase to high-grade were associated with a shorter PFS (HR=3.443, 95% CI: 1.809–6.552, P=0.000; HR=2.186, 95% CI: 1.284-3.720, P=0.004, and HR=2.281, 95% CI: 1.162-4.479, P=0.017, respectively, Table 3). Biopsy and a low-grade increase to high-grade were associated with shorter OS (HR=6.862, 95% CI: 1.969-23.916, P=0.002; and HR=4.418, 95% CI: 1.051-18.578, P=0.043, respectively). Multivariable survival analyses indicated that NAT and a low-grade increase to high-grade were independent prognostic factors for PFS (HR=2.756, 95% CI: 1.474-5.153, P=0.001; and HR=2.695, 95% CI: 1.273-5.706, P=0.010, respectively). In addition, a low-grade increase to high-grade was an independent prognostic factor for OS (HR= 4.565, 95% CI: 1.063-19.612, P=0.041).


Table 3. Univariable and multivariable analysis of factors for progression-free survival and overall survival in the study cohort.





Association between p53 expression and Ki67 index variation

To further explore the association between high-grade transition and TP53 mutation, we performed p53 immunohistochemistry staining. Four out of 27 patients (14.8%) showed different p53 expression pattern between primary tumors and liver metastases, which was correlated with higher Ki67 index variation (P=0.031, Supplementary Figure S5)




Discussion

In this retrospective study, 648 patients with PanNENs were screened, and 103 patients with advanced PanNETs who had paired primary tumors and metastases were identified as the study cohort. We described the Ki67 index variation and tumor grade changes in PanNETs, explored the association between the clinical characteristics and grade changes, and determined whether the grade changes predicted the clinical prognosis. The findings of this study could help improve our understanding of the heterogeneity of PanNETs and contribute to clinical decision-making.

In this study, 48.5% of cases had Ki67 index variation, 23.3% displayed grade changes, and 17.5% showed a grade increase. Of note, 10.7% of cases had high-grade metastases compared to low-grade primary tumors. For the associations among clinical characteristics, Ki67 index variation, and grade changes, metachronous metastases presented with higher Ki67 index variation than synchronous metastases. Patients with early-stage disease showed a higher frequency of grade increase and G1/G2 increase to G3 than patients with advanced-stage disease, indicating that early-stage tumors had more time to evolve, which was consistent with previous observations that NETs dedifferentiated over time. Additionally, G1 increase to G3 only presented in patients with stage IV and synchronous metastases, indicating that advanced tumors had a worse evolution than less advanced tumors. In the study cohort, all patients had only one primary tumor except one patient with two primary tumors, and the Ki67 values of the two primary tumors were both 5%. Therefore, the Ki67 index heterogeneity among primary tumors was not analyzed.

Previous studies reported that 35.3%-63% of metastatic GEP-NENs showed higher Ki-67 index at LM than primary site (35–37), and 7.5%-39% presented a grade increase (20, 21, 38–40). As for longitudinal increase, about 58.6%-65.1% of NEN patients showed an increase in Ki67 index, and nearly 28% showed upgrade when progression (41–44). Shi et al. reported that nearly two-thirds of small intestinal NETs had grade increase in LM (45). As for PanNENs, several studies described that 62.5%-63.6% patients with PanNETs had an increased grade when the disease evolved over time (22, 46). Alexandraki et al. analyzed 264 PanNENs and showed that 15 patients (5.7%) developed an increase in Ki67 during disease course (31). However, this study also included patients with multiple endocrine neoplasia type 1, and did not provide information about the 264-patient cohort. Given the strong heterogeneity of NENs, the results obtained in relatively homogeneous tumors would be more powerful. Therefore, this work aimed to explore the heterogeneity between primary tumors and metastases in a homogeneous and large-scale patient cohort of PanNETs, mainly to characterize the grade changes and correlate the findings with patient prognosis, also providing real-life data from the clinical treatment.

The “transformed” NETs that would evolve to either NET G3 or NEC has aroused interest. Several studies investigated this phenomenon (47–51) and proposed that the boundary between NETs and NEC was blurred. In this study, we observed that NET G1/G2 could evolve to NET G3, but did not find the transition from NETs to NEC. The concept that well-differentiated NETs would develop to poor-differentiated NEC probably needed further investigation.

Additionally, a suspicion of a grade increase in metastatic sites compared to primary tumors might constitute a negative prognostic factor (52). Therefore, we performed survival analyses and found that high-grade metastases compared to low-grade primary tumors were significantly associated with decreased PFS and OS. Multivariable survival analyses indicated that a low-grade increase to high-grade was an independent prognostic factor for PFS and OS. Based on the above results, we concluded that PanNET patients with metastases, whether synchronous or metachronous, would have a grade increase in metastases compared to their primary tumors. Because of the longer clinical course of metachronous metastases, the probability of a grade increase was higher than among those with synchronous metastases. In addition, G1 increase to G3, a progression of two grades, but only in AJCC 8th stage IV tumors, suggesting that advanced tumors had a worse evolution than less advanced tumors.

Furthermore, Cox regression analysis showed that patients who received NAT had a shorter PFS, whereas there was no significant difference in OS. It should be noted that patients with high-risk factors, were routinely received preoperative NAT. Surgical resection was considered after multidisciplinary discussion if the tumors stabilized or regressed. It was obvious that patients with high-risk factors had a worse prognosis, but the results did not show any significant difference in OS compared to those without high-risk factors, indicating the potential effectiveness of preoperative NAT in patients with metastatic PanNETs.

Our results revealed the poor survival of patients with a high-grade increase in metastases, indicating the necessity of close follow-up and early intervention. Those patients with high-grade increase warrant different therapeutic strategies. In addition, this study also supported the use of multiple point puncture and accurate pathological grading for PanNET patients in metastatic lesions or when disease progression.

The possible underlying mechanism of Ki67 index heterogeneity and high-grade transition might due to the polyclonal tumor origin of NENs, with different mutational events, microenvironmental context, and/or epigenetic divergence between and within tumors (45). During the progression course, the selection of subclonal populations with a higher proliferative index (20), and de-reprograming would happen. In this study, higher Ki67 index variation was correlated with changes in p53 expression pattern, implying the TP53 mutation was  probably involved in the high-grade progression. Additionally, treatment effects and therapy resistance might also contribute to the transition towards higher grade (44). The above hypotheses warrant further research.

Several limitations existed in the current study. First, all retrospective studies have inherent limitations. Second, the prognosis of most patients with PanNETs is good (53), but the median follow-up time of this study was relatively short. The follow-up data were available up until February 1, 2022, by which time only 13 cases (12.6%) had died. Those who had not died were considered right-censored, which might underestimate the overall survival time. Third, this study had selection bias of low to intermediate degrees due to the nonsignificant difference in survival between the study cohort and the bias control group. In addition, we did not explore the molecular mechanism of the clinical phenomenon that low-grade primary tumors would increase to high-grade metastases. To address this limitation, we are conducting another study to detect paired low-grade primary tumors and high-grade metastases using whole-exome sequencing to identify the mutant genes driving the grade increase of metastases and to investigate its molecular mechanism.

Overall, this study found that 17.5% of patients with metastatic PanNETs had a grade increase in metastases compared to their primary tumors. A high-grade increase in metastases was an unfavorable prognostic factor for PFS and OS, which could provide a useful reference for clinical decision-making.
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OEBPS/Images/table2.jpg
Ki67 index variation

Patient number (%)
Delta Ki67 index, median (range)
Tumor grade
Stable, n (%)
Grade increase, n (%)
Gl increase to G2
Gl increase to G3
G2 increase to G3
Grade decrease, n (%)

G2 decrease to G1

Study cohort (n=103)

50 (48.5)
0 (-14 to +29)

79 (76.7)
18 (17.5)
7 (6.8)
4(3.9)
7 (6.8)

6(5.8)

Resection cohort (n=91)

43 (47.3)
0 (-14 to +29)

70 (76.9)
15 (16.5)
6 (6.6)
4 (4.4)
5(5.5)

6 (6.6)

Biopsy cohort (n=12)

7 (58.3)
0.5 (-5 to +27)

9 (75.0)
3(25.0)
1(83)
0(0)
2(16.7)

0(0)
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Factors

Gender: male vs female

Age: <51 vs 251 years

Tumor size: <40 vs > 40mm
Tumor location: head vs neck, body and tail
Functional: no vs yes

Lymph node positive: no vs yes
Perineural invasion: no vs yes
Microvascular invasion: no vs yes
CgA: negative vs positive

Syn: negative vs positive

DAXX: negative vs positive
ATRX: negative vs positive
SSTR: negative vs positive

Metastases site: liver vs nodal/mesenteric vs
peritoneum/others

Metastases type: synchronous vs metachronous

Surgery: yes vs biopsy

Neoadjuvant treatment: no vs yes

Grade changes: G1/G2 vs G1/G2 increase to G3

Progression-free Survival
Univariable

HR (95% CI)  P-
value

0.787 (0.505-1.227)  0.291
0.745 (0.480-1.156)  0.189
1.135 (0.720-1.790)  0.584
1.582 (0.967-2.590)  0.068
0.408 (0.126-1.321)  0.135
1.128 (0.692-1.838)  0.628
1.103 (0.668-1.823)  0.701
0.738 (0.431-1.263)  0.268
0.511 (0.206-1.271) ~ 0.149
0.351 (0.048-2.575)  0.303
1.411 (0.332-6.007)  0.641
2470 (0.705-8.652)  0.157
0.512 (0.180-1.456)  0.210
0.821 (0.479-1.409)  0.475

0.816 (0.462-1.443)  0.485
3.443 (1.809-6.552)  0.000 NA

2.186 (1.284-3.720)  0.004 2.756 (1.474-5.153)
2281 (1.162-4.479)  0.017  2.695 (1.273-5.706)

Multivariable

HR (95% CI)

Opverall Survival
Univariable Multivariable

P- HR(95%CI) P- HR(95%CI) P-

value value value

1.844 (0.563-6.040)  0.312
0.474 (0.146-1.543) 0215
0.785 (0.262-2.350)  0.665
1.058 (0.287-3.892)  0.933
1.443 (0.185-11.283) 0726
1.892 (0.472-7.592)  0.368
1.599 (0.376-6.798)  0.525
3.938 (0.483-32.072)  0.200
0.659 (0.084-5.158)  0.691
0.167 (0.021-1.320)  0.090
23.321 (0-3.78E+10) 0.771
31.539 (0-1.10E+7)  0.596
22.359 (0-1.26E+10)  0.762
0.608 (0.096-3.864) 0598

0.270 (0.034-2.125)  0.214
NA  6.862 (1.969-23.916) 0.002 4.254 (0.804-22.507) 0.088
0.001  0.743 (0.151-3.669)  0.716
0.010 4.418 (1.051-18.578) 0.043 4.565 (1.063-19.612) 0.041

HR, hazard ratio; CI, confidence interval; CgA, chromogranin; Syn, synaptophysin; DAXX, death domain associated protein; ATRX, alpha-thalassemia/mental retardation X-linked; SSTR,
somatostatin receptor; NSE, neuron specific enolase; PROGRP, progastrin releasing peptide; TNM, tumor-node-metastasis; NA, not available; bold values indicate statistical significance.





OEBPS/Images/fendo-13-941210-g001.jpg
PanNENs (n=648)

From 2006 to 2020 Exclusion criteria:
Familial syndromes
Screening No metastatic diseases
NEC
PanNETs with metastases No pathology reports
(n=169)

Eligibility

Bias-control group
No paired primary tumors and
metastases with available Ki67 index
(n=66)

Study cohort
Paired primary tumors and metastases

with available K167 index
(n=103)

Resection Biopsy
(n=91) (n=12)

Synchronous metastases Metachronous metastases Synchronous metastases
(n=74) (n=17) (n=12)






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-13-941210-g003.jpg
A B

1.0 QRVE P— - G1/62
0.8 0.84
£ g
£ 06 £ 0.6 —— G1/G2 increase to G3
c c
S S
g B
£ 0.4 £ 04
P=0.012
- G1/G2
024 029 p=0.027
20— B2 s 0 GF T 1= 0.0 T T T T T T T
0 12 24 36 AS 60 72 54 96 108 120 132 144 156 0 12 24 36 48 60 72 84 96 108 120 132 144 156
No. at risk Progression-free survival, months No. at risk Overall survival, months
G1/G2 65 28 22 16 8 5 2 2 1 1 1 1 1 0 G1/G2 65 59 49 41 31 22 15 9 5 4 2 2 1 0

G1/G2 increase to G3 11 4 2 0 G1/G2 increase to G3 11 8 6 4 3 1 1 1 0





OEBPS/Images/table1.jpg
Characteristics Study cohort (n=103) Resection cohort (n=91) Biopsy cohort(n=12)
No. (%) No. (%) No. (%)

Gender
Male 50 (48.5) 42 (46.2) 8 (66.7)
Female 53 (51.5) 49 (53.8) 4(33.3)

Age, years, median 51 50.5 49.5

Tumor size, mm
Mean (SD) 48.7 (3.0) 47.7 (3.0) 56.8 (3.4)
Median (range) 0.0 (8.0-160.0) 40.0 (8.0-160.0) 47.0 (20.0-120.0)

Location
Head 28 (27.2) 22(24.2) 6 (50.0)
Neck 6(5.8) 5(5.5) 1(8.3)
Body 15 (14.6) 14 (15.4) 1(83)
Tail 25 (24.3) 23(25.3) 2(16.7)
Body-Tail 29 (28.2) 27(29.7) 2(16.7)

Functional
Yes 4(3.9) 4 (4.4) 0(0.0)
No 99 (96.1) 87 (95.6) 12 (100.0)

Lymph node positive n=88 n=88 NA
Yes 48 (54.5) 48 (54.5)

No 40 (45.5) 40 (45.5)

Perineural invasion n=84 n=84 NA
Yes 41 (48.8) 41 (48.8)

No 43 (51.2) 43 (51.2)

Microvascular invasion n=84 n=84 NA
Yes 57 (67.9) 57 (67.9)

No 27 (32.1) 27 (32.1)

CgA® n=102 n=90 n=12
Positive 97 (95.1) 86 (95.6) 11 (91.7)
Negative 5(4.9) 4 (4.4) 1(8.3)

Syn® n=101 n=89 n=12
Positive 100 (99.0) 88 (98.9) 12 (100.0)
Negative 1(1.0) 1(L1) 0(0.0)

DAXX* n=38 n=38 NA
Positive 34 (89.5) 34 (89.5)

Negative 4 (10.5) 4 (10.5)

ATRX* n=36 n=36 NA
Positive 32 (88.9) 32(88.9)

Negative 4 (11.1) 4 (11.1)

SSTR* n=57 n=55 n=2
Positive 53 (93.0) 51 (92.7) 2 (100.0)
SSTR2 38 (66.7) 36 (65.4) 2 (100.0)
SSTR2+SSTR5 15 (26.3) 15 (27.3) 0(0.0)
Negative 4 (7.0) 4(7.3) 0 (0.0)

NSE classification n=84 n=76 n=8
High 26 (31.0) 22 (28.9) 4 (50.0)
Low 58 (69.0) 54 (71.1) 4 (50.0)

PROGRP classification n=46 n=43 n=3
High 8 (17.4) 7 (16.3) 1(333)
Low 38 (82.6) 36 (83.7) 2 (66.7)

Metastases
Site
Liver 92 (89.3) 81 (89.0) 11 (91.7)
Nodal/mesenteric 9(87) 9(9.9) 0 (0.0)
Peritoneum/others 2(1.9) 1(1.1) 1(83)
Type
Synchronous 86 (83.5) 74 (81.3) 12 (100.0)
Metachronous 17 (16.5) 17 (18.7) 0(0.0)

AJCC 8™ TNM stage
1 1(1.0) 1(1.1) 0(0.0)
I 12 (11.7) 12 (13.2) 0(0.0)
1 10 (9.7) 10 (11.0) 0 (0.0)
v 80 (77.7) 68 (74.7) 12 (100.0)

WHO classification”

Gl 10 (9.7) 9(9.9) 1(83)
G2 76 (73.8) 68 (74.7) 8 (66.7)
G3 17 (16.5) 14 (15.4) 3(25.0)

Operating methods
Pancreatoduodenectomy 6 (5.8) 6 (6.6) 0 (0.0)
Distal Pancreatectomy 15 (14.6) 15 (16.5) 0 (0.0)
Total pancreatectomy 2(19) 2(22) 0(0.0)
Total pancreatectomy with LM resection 2(1.9) 2(22) 0(0.0)
Middle pancreatectomy with LM resection 1(1.0) 1(1.1) 0 (0.0)
Pancreatoduodenectomy with LM resection 14 (13.6) 14 (15.4) 0 (0.0)
Distal Pancreatectomy with LM resection 51 (49.5) 51 (56.0) 0 (0.0)
Laparotomy with biopsy. 3(29) 0 (0.0) 3 (25.0)
Needle biopsy 9 (8.7) 0(0.0) 9 (75.0)

Treatment
Neoadjuvant treatment n=33 n=33 NA
SSAs with or without targeted therapy 9 (27.3) 9 (27.3)

CAPTEM with or without targeted therapy 11 (333) 11 (33.3)

SSAs+CAPTEM with or without targeted 7 (21.2) 7(21.2)

therapy 1(3.0) 1(3.0)

Locoregional treatment 3(9.1) 3(9.1)

Other chemotherapy 1(2.0) 1(3.0)

Targeted therapy 1(3.0) 1(2.0)

Others

Adjuvant treatment n=78 n=78 NA
SSAs with or without targeted therapy 35 (44.9) 35 (44.9)

CAPTEM with or without targeted therapy 6(7.7) 6(7.7)

SSAs+CAPTEM with or without targeted 6(7.7) 6(7.7)

therapy 12 (15.4) 12 (15.4)

Locoregional treatment 4 (5.1) 4(5.1)

Other chemotherapy 15 (19.2) 15 (19.2)

Targeted therapy 0(0.0) 0(0.0)

Others

Treatment for patients with biopsy n=12 NA n=12
SSAs with or without targeted therapy 4(333) 4(33.3)
CAPTEM with or without targeted therapy 2(16.7) 2 (16.7)
SSAs+CAPTEM with or without targeted 3(25.0) 3 (25.0)
therapy 1(83) 1(8.3)
Locoregional treatment 0 (0.0) 0 (0.0)
Other chemotherapy 2 (16.7) 2 (16.7)
Targeted therapy 0 (0.0) 0 (0.0)
Others

CgA, chromogranin; Syn, synaptophysin; DAXX, death domain associated protein; ATRX, alpha-thalassemia/mental retardation X-linked; SSTR, somatostatin receptor; NSE, neuron
specific enolase; PROGRP, progastrin releasing peptide; AJCC, American Joint Committee on Cancer; WHO, World Health Organization; *The expression in primary tumors; *Grade at
first diagnosis; LM, liver metastases; SSAs, somatostatin analogs; CAPTEM, capecitabine and temozolomide; NA, not available.
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