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ABSTRACT

Background. Mixed adeno-neuroendocrine carcinoma
(MANEC) is a rare pathologic diagnosis recently defined
by the World Health Organization in 2010. Due to poor
understanding of MANEC as a clinical entity, there is
significant variation in the management of these patients.
The purpose of our study was to characterize MANEC to
develop evidence-based treatment strategies.

Methods. The Ohio State University patient database was
queried for the diagnosis of MANEC and 46 patients were
identified. For comparison, the database also was queried
for goblet cell carcinoid (GCC) of the appendix, signet ring
cell carcinoma, and carcinoid/neuroendocrine tumor of the
appendix. Charts were then retrospectively reviewed for
clinicopathologic characteristics, patient treatment, and
survival data.

Results. The mean age of diagnosis of MANEC was
54 years. Eighty-seven percent of MANEC arose from the
appendix, with 28 % of patients undergoing appendectomy
and 35 % undergoing right hemicolectomy as their index
operation. Immunohistochemical staining was positive for
chromogranin (82 %), synaptophysin (97 %), and CD56
(67 %). Sixty-seven percent of patients presented with
stage IV disease and 41 % had nodal metastases. Overall
survival was 4.1 years, which was statistically significantly
different (p < 0.05) compared with carcinoid tumors
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(13.4 years), GCC (15.4 years), and signet ring carcinoma
(2.2 years).

Conclusions. MANEC is a more aggressive clinical entity
than both GCC of the appendix and carcinoid/neuroen-
docrine tumors of the appendix. Based on these findings,
we recommend patients with MANEC tumors undergo
aggressive multidisciplinary cancer management and close
surveillance.

Mixed adeno-neuroendocrine carcinoma (MANEC) is a
rare pathologic diagnosis, which was recently defined by
the World Health Organization (WHO) in 2010 as tumors
with both epithelial and neuroendocrine cells, and each
component represents at least 30 % of the tumor.' Previ-
ously, the WHO defined tumors with both adenocarcinoma
and neuroendocrine components as mixed exocrine—en-
docrine tumors.' In addition, to diagnose MANEC, two of
the three commonly used neuroendocrine markers, synap-
tophysin, chromogranin, and CD56, must be present.'~

Prior to definition by the WHO, mixed tumors were
given many different pathologic designations, including
goblet cell carcinoid (GCC), adenocarcinoma ex-GCC,
composite tumors, adenocarcinoid, collision tumors, and
mixed endocrine—exocrine tumors.”>~® Multiple pathologic
definitions led to inconsistent reporting in the literature,
making it difficult to characterize the disease. Evidence is
conflicting regarding the prognosis for patients with
MANEC; some studies suggest that the prognosis between
colorectal MANEC and neuroendocrine tumors are com-
parable, whereas others indicate that MANEC may
represent a more aggressive clinical entity.”” Thus, it is
unclear whether MANEC is more biologically similar to
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their neuroendocrine or adenocarcinoma counterparts.
With the WHO classification of MANEC and its recogni-
tion as a distinct clinical entity, understanding the natural
history and prognosis of MANEC is of utmost importance
to ensure improved patient outcomes.

Previous attempts have been made to -categorize
MANEC to aid in clinical decision-making. La Rosa et al.
divided MANEC into high, intermediate, and low-grade
tumors. Low-grade tumors were classified as mixed ade-
nocarcinoma-neuroendocrine tumors.'® High-grade tumors
usually have a high Ki-67 proliferation index, which can be
associated with more aggressive tumors and worse sur-
vival.'"'* By immunohistochemistry, high-grade tumors
stain diffusely for synaptophysin and to a lesser extent,
chromogranin. In low-grade MANEC, the exocrine com-
ponent of the tumor often is more aggressive than the
neuroendocrine component.

To date, data and literature aside from case series and
case reports regarding MANEC are limited; therefore, it
remains not well understood. The purpose of this study was
to report our findings with MANEC to better characterize
the biology of the disease and thus develop evidence-based
treatment strategies.

MATERIALS AND METHODS

After protocol approval by the Ohio State University
(OSU) Wexner Medical Center Institutional Review Board,
the pathology database was queried for all patients with the
pathologic diagnosis of “mixed adeno-neuroendocrine
carcinoma” in the gastrointestinal (GI) tract from January
1990 to December 2014. In order to be considered
MANEC, the tumor specimens had to have at least 30 %
non-neuroendocrine tissue, consistent with the WHO
classification. Cases included both specimens obtained
from surgical procedures performed at the OSU, in addition
to pathology specimens referred to the OSU Department of
Pathology in consultation. OSU pathologists reviewed all
specimens and confirmed the diagnosis. Based on these
criteria, 46 patients were identified. Mean follow-up time
was 1.6 years (range 28 days—8.1 years).

For comparison, the OSU Pathology database also was
queried for patients with the diagnosis of GCC of the
appendix (n = 15), signet ring cell carcinoma of the
appendix (n = 18), and carcinoid/neuroendocrine tumor of
the appendix (n = 97). Of note, signet ring cell carcinoma
was defined as those tumors that had >50 % signet ring
cells, consistent with the WHO classification.'?

Charts were retrospectively reviewed for demographic
data, including age at diagnosis, race, and gender. Tumor
and patient characteristics were reviewed, including

location of primary tumor, immunohistochemical markers,
stage at diagnosis, treatment regimens, and survival.

Statistical Analysis

Demographics, tumor characteristics, and immunohis-
tochemical markers were summarized using descriptive
statistics (median/range for continuous outcomes, and fre-
quency for categorical outcomes) for each group,
respectively. Fisher’s exact test was used to the categorical
outcomes among the groups, and Kruskal-Wallis test was
used for the continuous outcomes. Overall survival (OS)
was calculated from the date of diagnosis to death from any
cause. Patients who were still alive were censored at the
date of last visit. Survival curves were estimated using the
method of Kaplan—Meier. Survival curves were compared
between groups using log-rank test. Bonferroni method
was used to adjust for multiple comparisons. Estimated
median with 95 % confidence intervals (CIs) were pro-
vided. p < 0.05 were considered statistically significant.
All statistical analyses were conducted using SAS version
9.3 (SAS Institute, Cary, NC).

RESULTS

The demographic data for patients with MANEC, GCC,
signet ring carcinoma, and carcinoid/neuroendocrine car-
cinoma are summarized in Table 1. For MANEC, the mean
age of diagnosis was 54 (range 19-79) years. There was a
greater proportion of female-male patients: 30 (65 %) and
16 (35 %), respectively. There were no statistically sig-
nificant differences in gender (p = 0.25) or race (p = 0.76)
between MANEC, carcinoid/neuroendocrine, GCC, and
signet ring carcinoma. There was a statistically significant
difference between mean ages of diagnosis (p = 0.0002).
Patients with MANEC tended to be older (mean 54 years)
than those with carcinoid tumors (mean 42 years) and GCC
(mean 47 years), and similar in age to signet ring cell
carcinoma (mean 53 years).

Many patients and their pathology slides were sent as
referrals to OSU with pathologic diagnosis of MANEC
based on existing outside immunohistochemical staining,
and additional immunohistochemical stains were only
performed if clinically necessary to confirm the diagnosis.
Hence, all three neuroendocrine markers were not per-
formed on most patients. Of the patients who underwent
immunohistochemical staining, chromogranin, synapto-
physin, and CD56 were present in 82, 97, and 67%,
respectively. Other tumor markers that were present more
than 50 % of the time included cytokeratin AE1/AE3,
cytokeratin 7 (CK7), CK20, and CDX2. A complete sum-
mary of the MANEC immunohistochemical profile is listed
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TABLE 1 Patient demographics
MANEC GCC Carcinoid Signet ring p
(n = 46) (n=15) (n=97) (n=18)

Age, mean £ SD (range) 54 £+ 13 (19-79) 47 £+ 11 (24-60) 42 + 18 (16-93) 53 + 13 (26-82) 0.0002*
Gender, n (%) 0.25

Female 30 (65) 6 (40) 61 (63) 13 (72)

Male 16 (35) 9 (60) 36 (37) 5(28)
Race, n (%)* 0.76

White 39 91) 12 (100) 60 (91) 13 (93)

Black 3(M 0 6 (9) 1(7)

Hispanic 1) 0 0 0

Missing data 3 3 31 4
* Statistical significant p < 0.05
? Percentages were calculated based on the non-missing data
TABLE 2 MANEC immunohistochemical profile
Immunohistochemical marker Staining Nonstaining Not performed
[n (%)
Chromogranin 23 (82) 5(18) 18
Synaptophysin 28 (97) 1(3) 17
CD56 4 (67) 2 (33) 40
Cytokeratin AE1/AE3 10 (91) 109 35
CK7 15 (56) 12 (44) 19
CK20 31 (100) 0 15
* Percentages calculated based on those samples that staining was performed
TABLE 3 MANEC tumor/patient characteristics

MANEC GCC Carcinoid Signet ring )4

Tumor origin, n (%)

Appendix 40 (87) 15 (100) 97 (100) 18 (100) -

Small bowel 1.2

Colon 4 (8.7)

Unknown GI primary 1(2.2)
Nodal metastases, n (%) 19 (49) 3 (50) 12 (26) 11 (79) 0.002*
Perineural invasion, n (%) 16 (80) 3(75) 9 (47) 10 (83) 0.097
Vascular invasion, n (%) 9 (48) 0 10 (44) 10 (83) 0.048%*
Stage 1V at diagnosis, n (%) 31 (67) 0 10 (10) 17 (94) <0.0001°*
Overall survival (years) 4.1 15.2 13.2 2.2 -

Data are incomplete regarding patient tumor characteristics
* Statistical significant p < 0.05

in Table 2. Nineteen patients (49 %) had nodal metastases,
16 (80 %) had perineural invasion, and 9 (47 %) had
vascular invasion (Table 3). A complete description of
tumor characteristics can be found in Table 3. Similar to
the immunohistochemical data, data about tumor charac-
teristics is incomplete. The majority of MANECs arose
from the appendix, 40 (87 %), and were incidentally found

at the time of appendectomy usually for acute appendicitis.
The remaining MANEC tumors arose in the duodenum,
small bowel, colon, and one patient had an unknown GI
primary (Table 3).

There was significant variability in the way the patients
with appendiceal tumors were managed; 13 (33 %) patients
initially underwent simple appendectomy and 13 (33 %)
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TABLE 4 MANEC patient therapy

Chemotherapy, n (%)

Adjuvant 8 (26)

Metastatic 23 (74)
Index operation, n (%)*

Appendectomy alone 13 (32.5)

Right hemicolectomy (RHC) 13 (32.5)

Other” 12 (30)

No surgery 2 (5)

* Data only provided for appendiceal MANEC (n = 40)

° Other surgeries included exploratory laparotomy with peritoneal
biopsies, pelvic surgery, including total abdominal hysterectomy with
salpingo-oophorectomy, and debulking procedures

patients had right hemicolectomy (RHC) as their index
operation (Table 4). Of the patients who had an appen-
dectomy as their initial operation, 7 (54 %) had a
subsequent RHC after index pathology review. Of the
patients who had RHC following initial appendectomy, two
had nodal metastases. The size of the tumor did not seem to
determine whether patients underwent subsequent RHC
after appendectomy, because tumors greater than or less
than 2 cm had RHC. Two patients only had surgical
biopsies without tumor resection due to peritoneal disease
at the time of presentation.

Surgical intervention for metastatic recurrent disease
was performed for two patients. Records showed that two
patients initially had simple appendectomy but then had
disease recurrence. One patient had cytoreductive surgery
with hyperthermic intraperitoneal chemotherapy (HIPEC)
for peritoneal disease, and another patient had pelvic
debulking with total abdominal hysterectomy, bilateral
oophorectomy, and appendectomy followed by systemic
chemotherapy. However, she later developed metastatic
disease to the spine. Following surgery, 31 (67 %) patients
received chemotherapy. Of the 31 patients, 23 (74 %)
received chemotherapy in the setting of stage IV metastatic
disease (Table 4).

At the time of diagnosis, 31 (67 %) MANEC patients
were diagnosed with stage IV disease, and 27 patients had
appendiceal only tumors. In comparison, no patients with
GCC, 10 % of carcinoid tumors, and 94 % of signet ring
tumors had stage IV disease at the time of diagnosis. The
OS for MANEC patients was 4.1 years (95 % CI 1.9-not
reached). This was statistically significantly different
compared with the OS in patients with well-differentiated
neuroendocrine tumor/carcinoid (13.2 years, 95 % CI 7.4-
not reached, p = 0.007) but not statistically different from
GCC (15.2 years, 95 % CI 7.4-15.2, p = 0.52) and signet
ring cell carcinoma (2.2 years, 95 % CI 0.8-2.8, p = 0.07;
Fig. 1). The OS for stage IV appendiceal only MANEC
(NR, 95 % CI 1.5 months-not reached) was statistically
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FIG. 1 Kaplan—Meier survival curve for patients with carcinoid
tumors, GCC, MANEC, and signet ring cell carcinoma
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FIG. 2 Kaplan—Meier survival curve for patients with stage IV
appendiceal tumors by histology (carcinoid tumors, MANEC, and
signet ring cell carcinoma)

significantly different compared with stage IV appendiceal
carcinoid (13.2 months, 95 % CI 2.3-not reached) and
signet ring (2.0 months, 95 % CI 0.2-2.3). Notably, for the
appendiceal only stage IV MANEC patients, 20 of the 27
patients were still alive at the time of this study and the
median months survival was not reached. There were no
stage IV GCC; therefore, GCC was excluded from this
portion of the analysis (Fig. 2).

DISCUSSION

There is significant variability in the way that MANEC
tumors of the appendix have been managed secondary to
variability in diagnostic criteria leading to poor character-
ization of the disease. Prior to their distinction from GCCs
and carcinoid/neuroendocrine tumors of the appendix,
appendiceal MANECs often were treated similarly to their
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less aggressive counterpart, carcinoid tumors. Based on our
study, MANEC, particularly appendiceal MANECSs, may
represent a more aggressive histology that requires a dif-
ferent treatment strategy than that of neuroendocrine
tumors. In our study, the OS for patients with MANEC is
4.1 years, which is shorter than that of GCC and carcinoid
tumors of the appendix. Additionally, 67 % of patients had
stage IV disease and 49 % had nodal metastases at time of
diagnosis. In contrast, La Rosa et al. found that there was
no statistically significant difference in survival between
neuroendocrine carcinoma and colorectal MANEC
patients. Additionally, they found only 17 % of patients
had stage IV disease at the time of diagnosis. This differ-
ence in survival and rates of metastatic disease between our
study and theirs may be related to the different sample size
in our two studies. In our study, the majority of cases was
appendiceal MANEC. La Rosa et al. included 12 MANEC,
8 from right colon and 4 left colon, whereas we had 46
patients, 40 of which were appendiceal. They did find that
vascular invasion, peritumoral lymphoid infiltrate, and
presence of CD117 in the MANEC tumors had a statisti-
cally significant association with worse survival. Similar to
our study, La Rosa et al. also found that the majority
(>50 %) of MANEC tumors stain for both chromogranin
and synaptophysin, but there were differing rates of lym-
phatic invasion (92 vs. 48.7 %), vascular invasion (92 vs.
47.4 %), and perineural invasion (92 vs. 80 %) between La
Rosa and our study, respectively.’

Based on our analysis, there was no statistically signif-
icant difference in OS between MANEC tumors and signet
ring carcinoma (p = 0.068) as well as with GCC
(p = 0.51), but statistically significant longer OS for car-
cinoid (p = 0.007). This finding may suggest that while
MANEC tumors are a separate pathological entity from
signet ring carcinoma, they are similarly aggressive tumors
and require more aggressive management than carcinoid
tumors of the appendix.

Appendiceal carcinoid/neuroendocrine tumors have
generally been regarded to be less aggressive tumors as
they uncommonly present with metastatic disease.'®
Overall 1- and 5-year survivals are reported as high as 98.1
and 88.7 %, respectively, and some studies have shown 10-
year survival rates to be as high as 91 % in patients with
tumors >2 cm with positive lymph nodes.'>™'” Tumors less
than 2 cm warrants appendectomy alone.'® This is con-
sidered a curative procedure with a limited role for
postoperative surveillance assuming no other adverse fea-
tures.'” Interestingly, due to lack of understanding of
atypical histologies and adequate prognostic indicators, the
NCCN does recommend that appendiceal tumors with
mixed histology be treated similar to colon cancer.?’

On the other hand, GCCs of the appendix have been
regarded to be more aggressive than their carcinoid

counterparts when considering age of diagnosis, the extent
of disease spread at diagnosis and the number of cases with
lymph node involvement.”' Additionally, signet ring cell
carcinoma of the appendix is a rare clinical entity and is
felt to be more aggressive than both GCC and carcinoid/
neuroendocrine tumors. According to McCusker et al.,
76 % of patients with signet ring cell carcinoma present
with metastatic disease and 64 % have node-positive dis-
ease. In comparison, 31 and 14 % of patients with well-
differentiated carcinoid and GCC, respectively, present
with stage IV disease.”’

There are several limitations associated with this study
design to acknowledge. This study was undertaken in a
retrospective fashion from a single-institution database.
Given the study institution is a comprehensive cancer
center and tertiary care center, there is potential for referral
bias as well as selection bias playing a role in the patient
data and treatments undertaken. Subgroup analyses are
generally limited by increased error rates and lower power
such that conclusions drawn require careful interpretation.
Due to this being an uncommon entity with the resulting
small sample size, this may explain the finding of the
subgroup analysis that showed 20 of the 27 patients with
stage I'V appendiceal MANEC were alive at the time of this
study and median survival not yet reached in light of a
short median follow-up period of only 1.6 years. Addi-
tionally, there may be lead-time bias when analyzing
MANEC patients, because they were diagnosed later. For
MANEQC, two patients were diagnosed in 1996 and 2000,
and the remaining patients were diagnosed in 2008-2014.
For GCC, signet ring, and carcinoid/neuroendocrine
tumors, dates of diagnosis spanned 1990-2014 fairly
evenly. Other limitations include incomplete pathologic
analysis due to the fact that many of the tumor specimens
were outside referrals. Despite these limitations, this study
is the largest, retrospective review of MANEC.

Based on our findings, appendiceal MANEC is an
aggressive entity with a significant proportion of patients
presenting with stage IV disease. Unlike carcinoid tumors,
tumor size does not appear to have any prognostic signif-
icance, because both small (<1 cm) and large (>10 cm)
tumors presented with stage IV disease without evidence of
metastasis after several years follow-up. Therefore, it is
paramount to distinguish appendiceal MANEC from the
other appendiceal histologies due to the association of an
aggressive disease biology demonstrated with MANEC in
this study.

We recommend that patients with MANEC undergo
aggressive multidisciplinary oncologic management, which
may include systemic therapy and well-selected surgical
management with RHC as well as possible cytoreductive
surgery with HIPEC in patients with peritoneal metastases.
Additional studies are required to define more conclusively
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the optimal management for MANEC to achieve improved
patient outcomes.
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