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Introduction: Mixed neuroendocrine non-neuroendocrine neoplasm (MINEN) is a rare
form of neuroendocrine neoplasms (NENSs). The purpose of this study was to investigate
the characteristics and survival profile of appendiceal MiNENSs, with a view of providing
robust clinical features of this rare disease.

Methods: Patients were selected from the Surveillance, Epidemiology, and End Results
database (2004-2016). The prognosis of MINEN (n = 315) was compared with other
histological subtypes including neuroendocrine tumor (NETs) (n = 1734), neuroendocrine
carcinoma (NECs) (n = 375), goblet cell carcinoid (GCC) (n = 968), signet ring cell
carcinoma (n = 463), mucinous adenocarcinoma (MAC) (n = 2355), and non-mucinous
adenocarcinoma (NMAC) (n = 1187) in the appendix. Age-adjusted incidence was
calculated using Joinpoint regression. The Cox proportional hazards model and the
Fine—-Gray competing risk model were used to perform overall survival (OS) and
cancer-specific mortality (CSM) analyses, respectively.

Results: The age-adjusted incidence of MiINENSs increased from 0.01/100,000 person-
years in 2004 to 0.07/100,000 person-years in 2016. The 3-, 5-, and 10-year OS
rates for MINENs were 69.5, 57.4, and 43.7%, respectively, and the corresponding
CSM rates were 23.1, 36.4, and 45.1%, respectively. Multivariate analysis revealed that
the prognosis of MiINENs was worse than that of NETs, NECs, GCC, and MAC but
better than that of NMAC and signet ring cell carcinoma. Tumor extension was the
only independent factor influencing the prognosis of MiINENSs, but tumor size, grade,
and surgical approaches were not. Moreover, when compared with local excision or
appendectomy, extensive surgery such as hemicolectomy or colectomy did not prolong
the survival of individuals with MiNENSs.

Conclusion: MINEN is a rare but aggressive tumor with a poor prognosis differing
from NENs, GCC and adenocarcinomas. To improve the prognosis of the disease, early
diagnosis and comprehensive evaluation are necessary.
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INTRODUCTION

Mixed neuroendocrine non-neuroendocrine neoplasm (MiNEN)
is a rare histological subtype of neuroendocrine neoplasms
(NENS). They are hybrid tumors comprising the neuroendocrine
and non-neuroendocrine component with each component
accounting for at least 30% of the tumor. The first hybrid
gastrointestinal tumor was reported in 1924 by Cordier (1).
Since then, many inconsistent terms have been used to define
these mixed neoplasms, such as goblet cell carcinoid (GCC),
collision tumors, adenocarcinoid, composite tumors, and mixed
endocrine-exocrine tumor. In 2010, the mixed neoplasms were
named as “mixed adeno-neuroendocrine carcinoma (MANEC)”
by the World Health Organization (WHO) (2). However, the
usage of “MANEC” leads to confusion and misunderstanding,
particularly when diagnosing the disease because the spectrum
of mixed neoplasms is not merely confined to adenocarcinoma
and neuroendocrine carcinoma (NECs) but also low-grade
malignancy. For this reason, the term “MiNEN” was recommend
to better cover the heterogeneous spectrum of different
components (3). Over time, “MiNEN” was eventually made
official by the WHO in 2017 (4).

Based on published literature, MiNENs have been reported
in almost all digestive tracts including the esophagus, stomach,
small bowel, colon, appendix, and rectum as well as other organs
(5). Recently, Frizziero et al. (6) found that the majority of
the gastro-entero-pancreatic MiNENs occurred in the appendix
(60.3%). However, most published studies are case reports
and retrospective series with limited sample sizes. Although
histological subtypes have been found to be important prognostic
factors for appendiceal neoplasms, MiNENs were not defined
in the previous study (7). Therefore, the prognosis profile of
appendiceal MiNENs is not clear, particularly when compared
with other neoplasms occurring in the appendix. Furthermore,
optimal treatment strategies for appendiceal MiNENs remain
unknown. Generally, the optimal therapeutic management
should be informed by the most aggressive component. MiNENs
with a poorly differentiated neuroendocrine component should
be managed as though they are pure NECs. Conversely, MiNENs
with dormant adenocarcinoma component should be treated as
adenocarcinomas (8). With regard to MiNENs in the appendix,
National Comprehensive Cancer Network (NCCN) guidelines
recommend that these tumors should be managed in similar
manner as colon cancer (9).

In this study, we focused on the clinical characteristics of
appendiceal MiNENs. We compared these characteristics with
clinical features for other histological types of appendiceal
neoplasms, with a view of providing additional attributes
on biological behavior, prognostic features, management and
treatment of this rare disease.

MATERIALS AND METHODS

Data Source and Population Selection
This study relied on the “SEER 18 registries” which approximately
represent 28% of the United States population. Data for patients

in the SEER database stored between 2004 and 2016 was
extracted using SEER*Stat software (version 8.3.6, National
Center Institute). All the patients diagnosed with appendiceal
neoplasms based on the International Classification of Disease
for Oncology, third edition (ICD-O-3) primary site code (C18.1,
Appendix) were included in this study. The histological subtypes
were classified into MiNENSs, neuroendocrine tumors (NETs),
NECs, GCC, mucinous adenocarcinoma (MAC), non-mucinous
adenocarcinoma (NMAC) and signet ring cell carcinoma (SRCC)
using identifiable histology codes (Supplementary Table S1).
We only included patients positively diagnosed with histology
tests. Patients with secondary tumors or other underlying
complications or with incomplete data were also excluded from
the study. Demographic and clinicopathological characteristics,
surgical information and survival time were retrieved for further
analyses. Tumor extension was classified into localized (confined
to the primary organ), regional (invaded beyond primary organ
or involved regional lymph nodes but no distant metastasis) or
distant stage (with distant metastasis) based on SEER Combined
Summary Stage. The primary endpoints in this study were
overall survival (OS) and cancer-specific mortality (CSM). OS
was defined as the survival time from diagnosis to death from any
causes and CSM was defined as the survival time from diagnosis
to death related to tumor.

STATISTICAL ANALYSIS

The incidence rates for MiNENs were calculated using SEER* Stat
software, expressed per 100,000 person-years, and age-adjusted
to the year 2000 US standard population. The annual percentage
changes (APCs) at 95% confidence interval (CI) of incidence
were calculated using the Joinpoint regression software (Version
4.6.0.0, National Cancer Institute). Optimal model was selected
using the same software and the significance of APCs evaluated
based on t-tests.

Demographics and characteristics for different histological
subtypes among appendiceal neoplasms were summarized
into categorical variables (frequency and percentages) and
compared using Chi-square test (or Fisher’s exact test). Skewed
continuous variables such as age at diagnosis were analyzed
using the Kruskal-Wallis test. The OS curves were drawn
using the Kaplan-Meier method and assessed using the log-
rank test. Univariate and multivariate Cox proportional hazards
models were derived to compare differences in OS among
appendiceal neoplasms and to identify independent factors
for the prognosis of MIiNEN. The hazard ratios (HR) at
95% CI for corresponding risks of all-cause death were also
calculated. Furthermore, the Fine-Gray model was derived to
perform competing risk analyses by modeling sub-distribution
hazard ratios (sHR) to assess CSM, taking into account the
competing risk of death from other causes (10). All the
analyses were performed using Stata version 15.0 (StataCorp
LCC., 4905 Lakeway Drive, College Station, TX, United States)
and R 3.5.2 (R Foundation for Statistical Computing, Vienna,
Austria). All tests deemed statistically significant were two-
sided at P < 0.05.
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TABLE 1 | Demographic and characteristics of appendiceal neoplasms by histological subtypes in SEER database (2004—2016).
Characteristics MiNENs NETs NECs GCC SRCC MAC NMAC P-value
n =315 (%) n=1734 (%) n=375(%) n =968 (%) n =463 (%) n = 2355 (%) n =1187 (%)
Year at diagnosis <0.001
2004-2009 72 (22.9) 155 (8.9) 37 (9.9) 336 (37.8) 167 (36.1) 896 (38.0) 419 (35.3)
20102016 243 (77.1) 1579 (91.1) 338 (90.1) 602 (62.2) 296 (63.9) 1459 (62.0) 768 (64.7)
Age at diagnosis <0.001
Median (range) 57 (10—89) 35 (4-92) 39 (7—-94) 54 (8—91) 57 (27-94) 58 (12—95) 61 (19-97)
<54 130 (41.3) 1394 (80.4) 281 (74.9) 490 (50.6) 200 (43.2) 972 (41.3) 397 (33.4)
>54 185 (58.7) 340 (19.6) 94 (25.1) 478 (49.4) 263 (56.8) 1383 (58.7) 790 (66.6)
Gender <0.001
Female 157 (49.8) 1056 (60.9) 242 (64.5) 474 (49.0) 296 (63.9) 1320 (56.1) 570 (48.0)
Male 158 (50.2) 678 (39.1) 133 (35.5) 494 (51.0) 167 (36.1) 1035 (43.9) 617 (52.0)
Race <0.001
White 273 (86.7) 1514 (87.3) 315 (84.0) 825 (85.2) 381 (82.3) 1901 (80.7) 939 (79.1)
Black 27 (8.6) 116 (6.7) 30 (8.0) 91 (9.4) 46 (9.9) 216 (9.2) 157 (13.2)
Other® 15 (4.8) 104 (6.0) 30 (8.0) 52 (5.4) 36 (7.8) 238 (10.1) 91 (7.7)
Tumor size* <0.001
<2.cm 39 (22.4) 1021 (87.6) 220 (71.9) 291 (47.6) 31 (12.3) 182 (15.3) 191 (27.1)
2-4 cm 62 (35.6) 113 (9.7) 60 (19.6) 169 (27.7) 86 (34.1) 330 (27.7) 237 (33.6)
>4 cm 73 (42.0) 32 (2.7) 26 (8.5) 151 (24.7) 135 (563.6) 680 (57.0) 278 (39.4)
Unknown 141 568 69 357 211 1163 481
Tumor extension <0.001
Localized 87 (27.6) 1421 (81.9) 262 (69.9) 544 (56.2) 53 (11.4) 437 (18.5) 364 (30.7)
Regional 122 (38.7) 287 (16.6) 83 (22.1) 306 (31.6) 102 (22.0) 529 (22.5) 428 (36.1)
Distant 106 (33.7) 26 (1.5) 30 (8.0) 118 (12.2) 308 (66.5) 1389 (59.0) 395 (33.3)
Grade* <0.001
| 30 (14.8) 1203 (89.9) 272 (79.8) 135 (40.1) 9(2.8) 856 (46.0) 160 (15.6)
[ 39 (19.2) 126 (9.4) 48 (14.1) 127 (37.7) 24 (7.4) 762 (40.9) 571 (55.7)
llhor IV 134 (66.0) 9 (0.7) 21 (6.2) 75 (22.3) 292 (89.8) 243 (13.1) 295 (28.8)
Unknown 112 396 34 631 138 494 161
Surgery <0.001
Hemicolectomy or more 196 (62.2) 316 (18.2) 117 (31.2) 484 (50.0) 256 (55.3) 1258 (53.4) 656 (55.3)
Less than hemicolectomy 103 (32.7) 1336 (77.0) 231 (61.6) 436 (45.0) 137 (29.6) 774 (32.9) 400 (33.7)
Other® 16 (5.1) 82 (4.7) 27 (7.2) 48 (5.0 70 (15.1) 323 (13.7) 131 (11.0)

“Percentages were calculated based on the non-missing data. @American Indian/AK Native, Asian/Pacific Islander, unknown. °No surgery or unknown. MINENS,
mixed neuroendocrine non-neuroendocrine neoplasms; NETs, neuroendocrine tumors; NECs, neuroendocrine carcinomas; GCC, goblet cell carcinoid; MAC, mucinous
adenocarcinoma; NMAC, non-mucinous adenocarcinoma; SRCC, signet ring cell carcinoma.

TABLE 2 | Overall survival and cancer-specific mortality rates of appendiceal neoplasms by histological subtypes.

Histology subtypes Overall survival Cancer-specific mortality
3-year, % 5-year, % 10-year, % 3-year, % 5-year, % 10-year, %

MINENs 69.5 57.4 43.7 23.1 36.4 451
NETs 97.7 95.7 92.6 0.4 1.2 2.5
NECs 92.4 91 84.9 41 5.7 5.7
GCC 87.6 80.6 67.1 9.2 15.2 21.7
SRCC 40.3 27.9 18.8 491 66.5 73.3
MAC 72.3 61.6 48.6 21.8 33.3 43.4
NMAC 61.6 51.6 40.8 32.7 43 49.8

MINENSs, mixed neuroendocrine non-neuroendocrine neoplasms; NETSs, neuroendocrine tumors; NECs, neuroendocrine carcinomas, GCC, goblet cell carcinoid, MAC,

mucinous adenocarcinoma; NMAC, non-mucinous adenocarcinoma; SRCC, signet ring cell carcinoma.
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FIGURE 1 | Kaplan—Meier curve for overall survival (A) and cumulative incidence curves for cancer-specific mortality (B) for patients with appendiceal neoplasms
stratified along histological subtypes.
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FIGURE 2 | Forest plot for adjusted multivariate analyses along histological
subtypes [adjusted HR and sHR were calculated by adding year at diagnosis,
age at diagnosis, race, tumor size, extension, grade, and type of surgery into
the Cox proportional hazards model (A) and competing risks regression
model (B), respectively].

RESULTS

Incidence Trends

A total of 401 MINEN patients reported in SEER 18 registries
between 2004 and 2016 fulfilled the inclusion criteria. The
age-adjusted incidence (AAI) for the MiNENs increased from
0.01/100,000 person-years in 2004 to 0.07/100,000 person-years
in 2016, with an APC of 13.8% (95% CI: 10.0-17.8%, P < 0.001).
The increasing trends for AAI were observed in both sexes. Males
had an APCs of 12.24% (95% CI: 7.2-17.5%, P < 0.001) whereas
females had 13.81% (95% CI: 8.2-19.7%, P < 0.001).

Demographics and Characteristics for
MIiNENs

After excluding patients with incomplete follow-up data, 315
MINEN patients were finally cleared for further analyses. The
demographics for the patients are summarized in Table 1.
Patients diagnosed with appendiceal NETs (n = 1734), NECs
(n = 375), GCC (n = 968), SRCC (n = 463), MAC (n = 2355),
and NMAC (n = 1187) were also included in the study for
comparisons. Notably, MiNENs are currently one of the rarest
histological subtypes among appendiceal neoplasms. The median
age of patients diagnosed with MiNENs was 57 years (10-
89 years), significantly higher than the median age for those
diagnosed with NETs (median age 35 years) and NECs (median
age 39 years). In terms of sex, 49.8% were females whereas 50.2%
were males. The majority of the MiNEN patients were white
(86.7%). Black people accounted for 8.6% of the patients whereas
the rest, 4.8%, were from other races.

Clinical characteristics among different histological subtypes
were compared based on the non-missing data such as tumor
size and grade. The majority of MiNEN tumors were larger than

Frontiers in Oncology | www.frontiersin.org

August 2020 | Volume 10 | Article 1660


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Zheng et al.

Prognosis of MINENs

TABLE 3 | Univariate and multivariate Cox proportional hazards analysis of OS in MiINENs patients (N = 315).

Characteristics Univariate analysis

Multivariate analysis

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

Year at diagnosis

2004-2009 Reference - Reference -

2010-2016 1.06 (0.69-1.62) 0.798 0.90 (0.56-1.46) 0.674
Age at diagnosis

<57 Reference - Reference -

>57 1.71 (1.16-2.53) 0.007 1.60 (1.03-2.47) 0.035
Gender

Female Reference -

Male 0.70 (0.47-1.03) 0.068
Race

White Reference -

Black 1.21 (0.63-2.32) 0.569

Other® 0.37 (0.09-1.52) 0.169
Tumor extension

Localized Reference - Reference -

Regional 2.26 (1.09-4.72) 0.029 2.33 (1.10-4.94) 0.028

Distant 16.42 (8.31-32.42) <0.001 13.79 (6.72-28.28) <0.001
Tumor size

<2cm Reference - Reference -

2-4 cm 4.26 (1.64-11.08) 0.003 1.91 (0.68-5.34) 0.217

>4 cm 4.46 (1.72-11.56) 0.002 1.78 (0.65-4.88) 0.263

Unknown 3.48 (1.38-8.82) 0.008 1.88(0.71-4.95) 0.204
Grade

| Reference - Reference -

Il 0.92 (0.23-3.68) 0.907 0.75 (0.18-3.03) 0.681

llland IV 4.89 (1.77-13.51) 0.002 2.13(0.74-6.11) 0.160

Unknown 2.98 (1.07-8.31) 0.037 1.48 (0.50-4.35) 0.479
Surgery

Hemicolectomy or more Reference -

Less than hemicolectomy 0.89 (0.58-1.35) 0.576

Other? 2.31 (1.11-4.83) 0.026

aAmerican Indian/AK Native, Asian/Pacific Islander, unknown. ®No surgery or unknown.

4 cm (42.0%), a significantly higher proportion than NETs (2.7%),
NECs (8.5%) and GCC (24.7%) but lower than SRCC (53.6%)
and MAC (57.0%). With regard to tumor extension, 27.6, 38.7,
and 33.7% of MINEN patients were diagnosed with tumors at
localized, regional and distant stage, respectively. In contrast, the
majority of NETs, NECs and GCC patients had localized tumors,
which respectively accounted for 81.9, 69.9, and 56.2% of the total
tumor stages. For SRCC and MAC, the majority of patients were
diagnosed with distant stage tumors, respectively accounting for
66.5 and 59.0% of the total cases. In addition, MiNENSs presented
the highest proportion of tumors at grade III or IV (66.0%),
higher than other histological subtypes except SRCC (89.8%).

Survival Analysis

The 3-, 5-, and 10-year OS rates for MiNENs were 69.5, 57.4,
and 43.7%, respectively, and the 3-, 5-, and 10-year CSM rates
were 23.1, 36.4, and 45.1%, respectively (Table 2). In addition,
the respective K-M curves and cumulative incidence curves for
OS and CSM are shown in Figure 1. Univariate analysis revealed

that the MiNEN patients had a relatively poor OS compared to
NETs, NECs, and GCCs (P < 0.001) but a better OS compared
to SRCC (HR = 2.27, 95% CI: 1.81-2.84, P < 0.001). However,
there was no significant difference in OS between MiNENs and
MAC (HR = 0.87, 95% CI: 0.71-1.07, P = 0.194) or NMAC
(HR = 1.22, 95% CIL 0.99-1.51, P = 0.064) (Supplementary
Table S2). We also compared the CSM among patients with
different histological subtypes using competing risk model. The
results were consistent with the above observations from OS
analysis (Supplementary Table S3).

Eight clinicopathologic factors significantly associated with
survival outcomes in univariate analysis were included in the
multivariate analysis. After adjusting for the year at diagnosis,
patients’ age, race, tumor size, extension, grade, and type of
surgery, histological subtypes were an independent predictive
factor related to OS and CSM for appendiceal neoplasms in
Cox proportional hazards model and competing risk model
(Supplementary Tables S2, S3), respectively. The HRs and sHR
are shown in Figure 2, with MiNENs as reference. Patients with
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TABLE 4 | Univariate and multivariate competing risk analysis of CSM in MiNENs patients (N = 315).

Characteristics

Univariate analysis

Multivariate analysis

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

Year at diagnosis

2004-2009 Reference - Reference -

2010-2016 0.94 (0.60-1.49) 0.793 0.80 (0.47-1.35) 0.395
Age at diagnosis

<57 Reference - Reference -

>57 1.42 (0.93-2.19) 0.106 1.26 (0.78-2.01) 0.345
Gender

Female Reference -

Male 0.71 (0.47-1.07) 0.102
Race

White Reference -

Black 1.31 (0.66-2.62) 0.430

Other® 0.22 (0.03-1.66) 0.239
Tumor extension

Localized Reference - Reference -

Regional 3.46 (1.31-9.11) 0.012 3.17 (1.15-8.77) 0.026

Distant 23.87 (9.60-59.43) <0.001 19.15 (7.42-49.39) <0.001
Tumor size

<2cm Reference - Reference -

2-4 cm 5.60 (1.63-19.27) 0.006 2.28 (0.53-9.91) 0.271

>4.cm 6.42 (1.89-21.82) 0.003 2.51(0.58-10.87) 0.216

Unknown 4.54 (1.35-15.27) 0.014 2.32 (0.57-9.43) 0.238
Grade

| Reference - Reference -

Il 0.68 (0.16-2.94) 0.606 0.52 (0.13-2.11) 0.358

llland IV 3.84 (1.45-10.09) 0.006 1.30 (0.49-3.43) 0.596

Unknown 2.54 (0.95-6.79) 0.064 1.20 (0.45-3.17) 0.714
Surgery

Hemicolectomy or more Reference -

Less than hemicolectomy 0.79 (0.49-1.27) 0.333

Other? 2.11 (0.90-4.94) 0.085

aAmerican Indian/AK Native, Asian/Pacific Islander, unknown. ®No surgery or unknown.

NETs, NECs, GCC, and MAC had a better OS but a lower CSM
than those with MiNENs. Moreover, patients with SRCC had a
higher risk of all-cause death (HR = 1.28, 95% CI: 1.02-1.61,
P =0.034) and cancer-specific death (sHR = 1.29, 95% CI: 1.02-
1.63, P = 0.037) compared to MiNENs. Contrary to the above
findings in univariate analyses, multivariate OS and CSM analyses
revealed that individuals with NMAC had an increased risk of
death compared with patients with MiNENs (HR = 1.30, 95%
CIL: 1.05-1.61, P = 0.017 and sHR = 1.39, 95% CI: 1.11-1.74,
P =0.004, respectively).

Prognostic Factors of Appendiceal
MiINENs

Univariate and multivariate analyses were also performed to
identify factors associated with survival outcomes in MiNEN
patients (Tables 3, 4). Patients who were older than 57 years had
an increased risk of all-cause death compared to younger patients
(HR = 1.60, 95% CI: 1.03-2.47, P = 0.035). However, there was no

statistical difference in CSM between two groups in patients aged
<57 and aged >57 (HR = 1.26, 95% CI: 0.78-2.01, P = 0.345).
Tumor extension was the only independent prognostic factor
associated with OS and CSM, whereas tumor size, grade and
surgery types were not. To verify the prognostic effect of tumor
extension, the multivariate analyses were also performed through
three-steps adjustment by building model 1, model 2, and model
3, respectively (Supplementary Tables S4, S5). The results were
confirmed that tumor extension was a very reliable predictive
factor for the prognosis of MiNENs. Furthermore, patients with
localized stage MIiNEN had significantly better survival than
those with regional and distant stage tumors (Figures 3A,B). The
5-year OS rates were 89.8, 70.2, and 12.3% for localized, regional
and distant stage MiNEN, respectively. On the other hand, the 5-
year CSM rates were 6.8, 23.7, and 78.6% for localized, regional
and distant stage of the disease, respectively. Notably, patients
with MiNENs were more likely to undergo surgery. When
compared with local excision or appendectomy, hemicolectomy
or more extensive surgery did not prolong the OS (HR = 0.89,
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FIGURE 3 | Kaplan—Meier curve for overall survival and cumulative incidence curves for cancer-specific mortality for patients with appendiceal MiNENSs stratified by
tumor extension (A,B) and surgery types (C,D).

95% CI: 0.58-1.35, P = 0.576) or lower the CSM (sHR = 0.79, 95%
CI: 0.49-1.27, P = 0.333) for MiNEN patients (Figures 3C,D),
even under subgroups stratified by tumor extension (Figure 4).

DISCUSSION

The aim of our study was to investigate the clinical characteristics
of appendiceal MiNENs using the SEER database. Appendiceal
MINEN is a rare form of NENs, accounting for only 5%
(401/7483) of the appendiceal neoplasms in our study. The
AAI for MINEN increased by sevenfold from approximately
0.01/100,000 person-years in 2004 to 0.07/100,000 person-
years in 2016. The increase may be attributed to improved

clinical recognition and better diagnostic technologies
over the vyears. This study demonstrated that MiNENs
were moderately aggressive compared with NENs and
adenocarcinoma. Moreover, tumor extension was shown to
be the only prognostic factor associated with OS and CSM
in MiNEN patients.

The prognosis of well differentiated NETs (G1 and G2) located
in the appendix is satisfactory. Previous studies have reported 5-
year OS rates for NETSs to be between 88 and 96% (11). However,
the comparative survival outcome between MiNENs and NECs is
still debatable. Based on our study, survival analysis revealed that
the prognosis of patients with MiNENs was significantly worse
than that of patients with NETs or NECs. Notably, most patients
with MiNENSs are older, and in most cases, diagnosed with poorly
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FIGURE 4 | Kaplan-Meier curve for overall survival and cumulative incidence curves for cancer-specific mortality for patients with appendiceal MiNENSs stratified by
surgery types in tumor extension subgroups [(A,B) patients with localized stage; (C,D) patients with regional stage; (E,F) patients with distant stage].

differentiated disease (Table 1), which may explain the poor
prognosis for individuals diagnosed. Contrary to our results, La
Rosa et al. (12, 13) found that patients with gastric MiNENs
presented a better prognosis than patients with NECs, but the
prognosis of patients with colorectal MiNENs and pure NECs was
indifferent. The difference in survival between individuals with
MiNENs and NECs may be site-related (14).

Both MiNENs and GCC are believed to develop from
crypt base stem cells by abnormal differentiation of both
neuroendocrine and glandular cells. Historically, MiNENs and
GCC were categorized into the same pathologic type and
many studies failed to distinguish between them (15, 16). The
WHO classification differentiated MiNENs from GCC as a
distinct clinical entity, streamlining the previous classification
done in 2008 by Tang et al. (17). Our findings supported this
subclassification because patients with appendiceal MiNENs had
a higher risk of all-cause death and cancer-specific death than
those with GCC. Likewise, Brathwaite et al. (18) found significant
difference in median OS between appendiceal MiNENs and GCC
(6.5 years vs 13.8 years, P < 0.0001). Moreover, patients with
MiNENs were more likely to be diagnosed with III or IV stage of
the disease than those with GCC, which was also consistent with
our findings. Thus, adding further evidence that the appendiceal
MiNENs might be more aggressive than GCC.

A previous study performed by Watanabe et al. (19) revealed
that colorectal MiNENs has a worse 5-year OS rate of 69.0%
against 82.0% for adenocarcinomas (P = 0.048). However, the
survival differences for appendiceal lesions remain unclear. In
this study, appendiceal adenocarcinomas were further subdivided
into three histological types: mucinous, non-mucinous, and
signet ring cell type. It was found that the survival rate for patients
with MiNENs was significantly worse than those with MAC
but better than those with NMAC and SRCC. With regard to
genetic level, MiNENs and conventional adenocarcinomas share
a broadly similar copy number aberration profile (20). Moreover,
genetic profiling for both neuroendocrine and adenocarcinomas
components in colorectal MiNENs demonstrated that both
components share a repertoire of carcinogenetic genes (21). To
a large extent, this supports the hypothesis that the two MiNENs
components share a monoclonal origin during tumorigenesis
(6). Additionally, the high proportion of MiNENs diagnosed
with an advanced stage or poor differentiation may suggest
that the biological behavior of the disease is similar to that of
adenocarcinoma rather than pure NECs or GCC.

To our knowledge, factors affecting the prognosis of
appendiceal MiNENs have not yet been reported. Multivariate
analyses demonstrated that tumor extension was the only
independent factor associated with the OS and CSM of patients
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with appendiceal MiNENs. Patients with distant MiNENs had the
worst prognosis, with 5-year OS and CSM rates of 12.3 and 78.6%,
respectively. One study found that metastatic gastrointestinal
MiNENs had a higher incidence than localized disease (22).
In our study, the proportion of patients with an advanced
stage MINENs was approximately 33% and this proportion
was even higher in other studies (23, 24). Therefore, early
identification and treatment are integral factors that can improve
the survival of patients.

There are no clear surgical guidelines and uniform treatment
standards for MiNENs due to their rarity and heterogeneity.
For localized or regional disease, a curative-intent resection,
with or without lymphadenectomy, should be performed
whenever feasible (25). As the high risk of recurrence after
RO resection, some studies suggested that adjuvant treatment
like chemotherapy prolonged the progression-free survival and
OS of patients, though most of them were case studies (26).
In our study, more than 90% of patients, even with advanced
diseases, had their MiNENSs surgical excised. Notably, extensive
surgery such as hemicolectomy did not increase the survival
rate of patients (Figure 4). When compared with local excision
or appendectomy, hemicolectomy or total colectomy increase
the risk of postoperative complications, which may negatively
impact on both the quality of life and survival (27, 28).
For metastatic MiNENSs, the histologic aspect of metastatic
component should be fully considered when choosing an
appropriate treatment strategy (29). Generally, it depends on one
of the most predominant or aggressive component in metastases.
However, the metastatic lesions are usually occupied by a single
component (most frequently the poorly differentiated NECs).
Thus, biopsy of metastases before planning treatment strategy is
necessary and the treatment should target the unique component
responsible for the metastatic spreading rather than based on
the characteristics of the primary site (5, 30). Cisplatin and
etoposide are recommended as the first-line regimen when the
metastatic lesion predominantly comprises NEC component (31,
32). In addition, schemes with carboplatin and etoposide or
cisplatin and irinotecan have also been recommended as an
adjuvant chemotherapy (9). If the prominent component is
adenocarcinoma in metastases, established regimens for “pure”
adenocarcinoma are treatment options. Overall, therapeutic
decisions should be based on multidisciplinary assessments,
taking into consideration the probable implications of the
proposed approach.

This study had several limitations. First, given that it
was a retrospective study, it was impossible to avoid any
selection bias. Second, there is a wide spectrum of possible
combinations between neuroendocrine and non-neuroendocrine
component (3). Chen et al. (33) found that high proportions
of neuroendocrine component (>50%) in MiNENs adversely
affected the survival of respective patients, suggesting that
the predominant tumor component influences the prognosis
of the disease. Elsewhere, the Ki67 proliferative index in
NEC component (above or below 55%) was also reported
to significantly influence the prognosis of MiNENs (34).
However, in our study, the contribution of these variables
was not evaluated. Additionally, information on chemotherapy,

radiotherapy or targeted therapy was not available in the SEER
database. Therefore, these potential prognosis associated factors
were not included in the Cox regression and competing risk
model for adjusting the bias. This omission might have influenced
our findings, which may limit the determination of optimal
management. Therefore, further studies need to expound on the
role of these factors on the prognosis to provide guidelines for the
treatment of MiNENS.

CONCLUSION

Despite these limitations, our study demonstrated that
appendiceal MINENs is a distinct disease with a dual
histological nature. MINENs are more aggressive than
NENs but similar to adenocarcinoma, implying that a more
aggressive treatment strategy should be preferred, but based on
extensive multidisciplinary evaluation and consultation. Tumor
extension is a very reliable predictive factor for the prognosis of
MiNENS, thus it should be considered when selecting the best
treatment strategies.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: The Surveillance, Epidemiology, and End
Results database (https://seer.cancer.gov/).

AUTHOR CONTRIBUTIONS

LZho and WM participated in the conception and design of the
study. MZ collected the data. MZ and TL performed the analysis
and interpretation of the data. MZ, TL, and TZ participated in
the designing and writing of the manuscript. WM, LZho, YL, and
LZha revised the manuscript. All authors reviewed and approved
the final manuscript.

FUNDING

The work was supported by grants from the National Natural
Science Foundation of China (Nos. 81001103 and 81472325).

ACKNOWLEDGMENTS

We appreciate the Surveillance, Epidemiology, and End Results
database in providing high-quality clinical data for our research.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fonc.
2020.01660/full#supplementary-material

Frontiers in Oncology | www.frontiersin.org

August 2020 | Volume 10 | Article 1660


https://seer.cancer.gov/
https://www.frontiersin.org/articles/10.3389/fonc.2020.01660/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.01660/full#supplementary-material
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Zheng et al.

Prognosis of MiINENs

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cordier RJAIME. Les cellules argentaffines dans les tumeurs intestinales. Arch
Int Med Exp. (1924) 1:59-63.

. Bosman FT, Carneiro F Hruban RH. Theise ND. WHO Classification of

Tumours of the Digestive System. 4th ed. Lyon: International Agency for
Research on Cancer (2010). p. 417.

. La Rosa S, Sessa F Uccella S. Mixed neuroendocrine-nonneuroendocrine

neoplasms (MiNENs): unifying the concept of a heterogeneous group of ne-
oplasms. Endocr Pathol. (2016) 27:284-311. doi: 10.1007/s12022-016-9432-9

. Lloyd RV, Osamura RY, Kloppel G, Rosai J]. WHO Classification of Tumours of

Endocrine Organs. 4th ed. Lyon: International Agency for Research on Cancer
(2017). p. 355.

. de Mestier L, Cros J, Neuzillet C, Hentic O, Egal A, Muller N, et al.

Digestive system mixed neuroendocrine-non-neuroendocrine neoplasms.
Neuroendocrinology. (2017) 105:412-25. doi: 10.1159/000475527

. Frizziero M, Chakrabarty B, Nagy B, Lamarca A, Hubner RA, Valle JW, et al.

Mixed neuroendocrine non-neuroendocrine neoplasms: a systematic review
of a controversial and underestimated diagnosis. J Clin Med. (2020) 9:273.
doi: 10.3390/jcm9010273

. Turaga KK, Pappas SG, Gamblin T. Importance of histologic subtype in the

staging of appendiceal tumors. Ann Surg Oncol. (2012) 19:1379-85. doi: 10.
1245/s10434-012-2238-1

. Hervieu V, Scoazec JY. Mixed endocrine tumors. Ann Pathol. (2005) 25:511-

28. doi: 10.1016/50242-6498(05)86164-4

. Kulke MH, Shah MH, Benson AB III, Bergsland E, Berlin JD, Blaszkowsky LS,

et al. Neuroendocrine tumors, version 1.2015. ] Natl Compr Canc Netw. (2015)
13:78-108. doi: 10.6004/jncen.2015.0011

Jason P, Fine RJ. Association GJJotAS. a proportional hazards model for the
subdistribution of a competing risk. ] Am Stat Assoc. (1999) 94:496—509.
doi: 10.1080/01621459.1999.10474144

Raoof M, Dumitra S, O’Leary MP, Singh G, Fong Y, Lee B. Mesenteric
lymphadenectomy in well-differentiated appendiceal neuroendocrine tumors.
Dis Colon Rectum. (2017) 60:674-81. doi: 10.1097/DCR.0000000000000852
La Rosa S, Inzani F Vanoli A, Klersy C, Dainese L, Rindi G, et al.
Histologic characterization and improved prognostic evaluation of 209 gastric
neuroendocrine neoplasms. Hum Pathol. (2011) 42:1373-84. doi: 10.1016/j.
humpath.2011.01.018

La Rosa S, Marando A, Furlan D, Sahnane N, Capella C. Colorectal poorly
differentiated neuroendocrine carcinomas and mixed adenoneuroendocrine
carcinomas: insights into the diagnostic immunophenotype, assessment of
methylation profile, and search for prognostic markers. Am | Surg Pathol.
(2012) 36:601-11. doi: 10.1097/PAS.0b013e318242¢e21c

La Rosa S, Marando A, Sessa F, Capella C. Mixed adenoneuroendocrine
carcinomas (MANECs) of the gastrointestinal tract: an update. Cancers
(Basel). (2012) 4:11-30. doi: 10.3390/cancers4010011

Isaacson P. Crypt cell carcinoma of the appendix (so-called adenocarcinoid
tumor). Am ] Surg Pathol. (1981) 5:213-24. doi: 10.1097/00000478-
198104000-00001

Shaib W, Krishna K, Kim S, Goodman M, Rock J, Chen Z, et al. Appendiceal
neuroendocrine, goblet and signet-ring cell tumors: a spectrum of diseases
with different patterns of presentation and outcome. Cancer Res Treat. (2016)
48:596-604. doi: 10.4143/crt.2015.029

Tang LH, Shia J, Soslow RA, Dhall D, Wong WD, O’Reilly E, et al. Pathologic
classification and clinical behavior of the spectrum of goblet cell carcinoid
tumors of the appendix. Am J Surg Pathol. (2008) 32:1429-43. doi: 10.1097/
PAS.0b013e31817f1816

Brathwaite S, Yearsley MM, Bekaii-Saab T, Wei L, Schmidt CR, Dillhoff ME,
et al. Appendiceal mixed adeno-neuroendocrine carcinoma: a population-
based study of the surveillance, epidemiology, and end results registry. Front
Oncol. (2016) 6:148. doi: 10.3389/fonc.2016.00148

Watanabe J, Suwa Y, Ota M, Ishibe A, Masui H, Nagahori K,
et al. Clinicopathological and prognostic
adenoneuroendocrine carcinoma of the colon and rectum: a case-
matched study. Dis Colon Rectum. (2016) 59:1160-7. doi: 10.1097/DCR.
0000000000000702

Sinha N, Gaston D, Manders D, Goudie M, Matsuoka M, Xie T, et al.
Characterization of genome-wide copy number aberrations in colonic mixed

evaluations of mixed

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

adenoneuroendocrine carcinoma and neuroendocrine carcinoma reveals
recurrent amplification of PTGER4 and MYC genes. Hum Pathol. (2018)
73:16-25. doi: 10.1016/j.humpath.2017.08.036

Jesinghaus M, Konukiewitz B, Keller G, Kloor M, Steiger K, Reiche M,
et al. Colorectal mixed adenoneuroendocrine carcinomas and neuroendocrine
carcinomas are genetically closely related to colorectal adenocarcinomas. Mod
Pathol. (2017) 30:610-9. doi: 10.1038/modpathol.2016.220

Wang ], He A, Feng Q, Hou P, Wu ], Huang Z, et al. Gastrointestinal
mixed adenoneuroendocrine carcinoma: a population level analysis of
epidemiological trends. ] Transl Med. (2020) 18:128. doi: 10.1186/s12967-020-
02293-0

Brathwaite S, Rock J, Yearsley MM, Bekaii-Saab T, Wei L, Frankel WL, et al.
Mixed adeno-neuroendocrine carcinoma: an aggressive clinical entity. Ann
Surg Oncol. (2016) 23:2281-6. doi: 10.1245/s10434-016-5179-2

Dulskas A, Pilvelis A. Oncologic outcome of mixed adenoneuroendocrine
carcinoma (MANEC): a single center case series. Eur ]| Surg Oncol. (2020)
46:105-7. doi: 10.1016/j.€js0.2019.08.002

Tanaka T, Kaneko M, Nozawa H, Emoto S, Murono K, Otani K,
et al. Diagnosis, assessment, and therapeutic strategy for colorectal mixed
adenoneuroendocrine carcinoma. Neuroendocrinology. (2017) 105:426-34.
doi: 10.1159/000478743

Frizziero M, Wang X, Chakrabarty B, Childs A, Luong TV, Walter T,
et al. Retrospective study on mixed neuroendocrine non-neuroendocrine
neoplasms from five European centres. World ] Gastroenterol. (2019) 25:5991—
6005. doi: 10.3748/wjg.v25.139.5991

Pawa N, Clift AK, Osmani H, Drymousis P, Cichocki A, Flora R, et al. Surgical
management of patients with neuroendocrine neoplasms of the appendix:
appendectomy or more. Neuroendocrinology. (2018) 106:242-51. doi: 10.1159/
000478742

Crown A, Simianu VV, Kennecke H, Lopez-Aguiar AG, Dillhoff M, Beal
EW, et al. Appendiceal neuroendocrine tumors: does colon resection improve
outcomes? ] Gastrointest Surg. (2019) 19:1-6. doi: 10.1007/s11605-019-
04431-6

Gurzu S, Fetyko A, Bara T, Banias L, Butiurca VO, Bara T Jr., et al
Gastrointestinal mixed adenoneuroendocrine carcinoma (MANEC): An
immunohistochemistry study of 13 microsatellite stable cases. Pathol Res Pract.
(2019) 215:152697. doi: 10.1016/j.prp.2019.152697

Minaya-Bravo AM, Garcia Mahillo JC, Mendoza Moreno E Noguelares
Fraguas F, Granell J. Large cell neuroendocrine - Adenocarcinona mixed
tumour of colon: Collision tumour with peculiar behaviour. What do we
know about these tumours? Ann Med Surg (Lond). (2015) 4:399-403. doi:
10.1016/j.amsu.2015.10.004

Mitry E, Baudin E, Ducreux M, Sabourin JC, Rufie P, Aparicio T, et al.
Treatment of poorly differentiated neuroendocrine tumours with etoposide
and cisplatin. Br ] Cancer. (1999) 81:1351-5. doi: 10.1038/sj.bjc.6690325
Eriksson B, Annibale B, Bajetta E, Mitry E, Pavel M, Platania M, et al. ENETS
consensus guidelines for the standards of care in neuroendocrine tumors:
chemotherapy in patients with neuroendocrine tumors. Neuroendocrinology.
(2009) 90:214-9. doi: 10.1159/000225950

Chen MH, Kuo Y], Yeh YC, Lin YC, Tzeng CH, Liu CY, et al. High
neuroendocrine component is a factor for poor prognosis in gastrointestinal
high-grade malignant mixed adenoneuroendocrine neoplasms. J Chin Med
Assoc. (2015) 78:454-9. doi: 10.1016/j.jcma.2015.04.002

Milione M, Maisonneuve P, Pellegrinelli A, Grillo F, Albarello L, Spaggiari
P, et al. Ki67 proliferative index of the neuroendocrine component drives
MANEC prognosis. Endocr Relat Cancer. (2018) 25:583-93. doi: 10.1530/
ERC-17-0557

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.

Copyright © 2020 Zheng, Li, Li, Zhang, Zhang, Ma and Zhou. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

August 2020 | Volume 10 | Article 1660


https://doi.org/10.1007/s12022-016-9432-9
https://doi.org/10.1159/000475527
https://doi.org/10.3390/jcm9010273
https://doi.org/10.1245/s10434-012-2238-1
https://doi.org/10.1245/s10434-012-2238-1
https://doi.org/10.1016/s0242-6498(05)86164-4
https://doi.org/10.6004/jnccn.2015.0011
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1097/DCR.0000000000000852
https://doi.org/10.1016/j.humpath.2011.01.018
https://doi.org/10.1016/j.humpath.2011.01.018
https://doi.org/10.1097/PAS.0b013e318242e21c
https://doi.org/10.3390/cancers4010011
https://doi.org/10.1097/00000478-198104000-00001
https://doi.org/10.1097/00000478-198104000-00001
https://doi.org/10.4143/crt.2015.029
https://doi.org/10.1097/PAS.0b013e31817f1816
https://doi.org/10.1097/PAS.0b013e31817f1816
https://doi.org/10.3389/fonc.2016.00148
https://doi.org/10.1097/DCR.0000000000000702
https://doi.org/10.1097/DCR.0000000000000702
https://doi.org/10.1016/j.humpath.2017.08.036
https://doi.org/10.1038/modpathol.2016.220
https://doi.org/10.1186/s12967-020-02293-0
https://doi.org/10.1186/s12967-020-02293-0
https://doi.org/10.1245/s10434-016-5179-2
https://doi.org/10.1016/j.ejso.2019.08.002
https://doi.org/10.1159/000478743
https://doi.org/10.3748/wjg.v25.i39.5991
https://doi.org/10.1159/000478742
https://doi.org/10.1159/000478742
https://doi.org/10.1007/s11605-019-04431-6
https://doi.org/10.1007/s11605-019-04431-6
https://doi.org/10.1016/j.prp.2019.152697
https://doi.org/10.1016/j.amsu.2015.10.004
https://doi.org/10.1016/j.amsu.2015.10.004
https://doi.org/10.1038/sj.bjc.6690325
https://doi.org/10.1159/000225950
https://doi.org/10.1016/j.jcma.2015.04.002
https://doi.org/10.1530/ERC-17-0557
https://doi.org/10.1530/ERC-17-0557
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Survival Profile and Prognostic Factors for Appendiceal Mixed Neuroendocrine Non-neuroendocrine Neoplasms: A SEER Population-Based Study
	Introduction
	Materials and Methods
	Data Source and Population Selection

	Statistical Analysis
	Results
	Incidence Trends
	Demographics and Characteristics for MiNENs
	Survival Analysis
	Prognostic Factors of Appendiceal MiNENs

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


