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Abstract

Background: Due to its rarity and high heterogeneity, neither established guidelines nor prospective data are
currently available for using chemotherapy in the treatment of appendiceal cancer. This study was to determine the
use of chemotherapy and its potential associations with survival in patients with different histological types of the
cancer.

Methods: Patients with histologically different appendiceal cancers diagnosed during 1998–2016 were selected
from the Surveillance, Epidemiology, and End Results (SEER) database. The role and effect of chemotherapy were
examined in the treatment of the disease. The Kaplan-Meier method was applied to construct survival curves and
significance was examined by Log-rank test. Cox proportional hazard models were used to analyze the impact of
chemotherapy and other variables on survival in these patients.

Results: A total of 8733 appendiceal cancer patients were identified from the database. Chemotherapy was administrated
at highly variable rates in different histological types of appendiceal cancer. As high as 64.0% signet ring cell carcinoma
(SRCC), 46.4% of mucinous adenocarcinomas (MAC), 40.6% of non-mucinous adenocarcinoma (NMAC) and 43.9% of mixed
neuroendocrine non-neuroendocrine neoplasms (MiNENs) were treated with chemotherapy, whereas only 14.7% of goblet
cell carcinoma (GCC), 5% neuroendocrine tumors (NETs) and 1.6% carcinomas (NEC) received chemotherapy. In all patients
combined, chemotherapy significantly improved overall survival during the entire study period and cancer-specific survival
was improved during in cases from 2012–2016. Further multivariate analysis showed that both cancer-specific and overall
survival was significantly improved with chemotherapy in patients with MAC, NMAC and SRCC, but not for patients with
GCC, MiNENs, NETs and NECs. Number (> 12) of lymph node sampled was associated with survival of patients with most
histological types of cancer under study. Other prognostic factors related to individual histological types were identified.

Conclusions: Chemotherapy is administrated at highly variable rates in different histological types of appendiceal cancer.
Efficacy of chemotherapy in the treatment of these cancers has been improved in recent years and is significantly associated
with better survival for patients with NMAC, MAC, and SRCC. Adequate lymph node sampling may result in a survival benefit
for most of these patients.
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Introduction
Appendiceal cancer is a rare and highly heterogeneous
malignancy and its incidence is on the rise [1]. This cancer
includes a wide spectrum of histological types including:
mucinous adenocarcinoma (MAC), non-mucinous adeno-
carcinoma (NMAC), signet-ring cell adenocarcinomas
(SRCC), mixed neuroendocrine non-neuroendocrine neo-
plasms (MiNENs), goblet cell carcinoid (GCC) neuroen-
docrine tumors (NETs), neuroendocrine carcinomas
(NECs), and others [2]. These histological types display
dramatically different biological phenotypes and indicate
different prognoses [2, 3].
Though surgery is the first option in the treatment of

appendiceal cancer, chemotherapy has been applied
using a protocol similar to that used to treat colorectal
cancer [3, 4]. The rarity and high heterogeneity make it
difficult to examine the effect of chemotherapy in treat-
ment of appendiceal cancer in systematic studies [5, 6].
Most previous studies had a limited sample size from a
single institution, and only included certain histological
types [7–10]. The effect of chemotherapy in some histo-
logical types is not well understood. In addition, it is un-
known whether chemotherapy has had an improved
effect in recent years.
Using the Surveillance, Epidemiology, and End Results

(SEER) database, this study sought to determine the status
of chemotherapy as a treatment of the different histo-
logical types of appendiceal cancer. Based on cancer-
specific and overall survival outcomes, we will further de-
termine which histological types were responsive to
chemotherapy. As there are currently no standard guide-
lines for chemotherapy in the treatment of appendiceal
cancer, the findings of this study may aid in improving the
management and survival of appendiceal cancer patients.

Patients and methods
Appendiceal cancer patients diagnosed between1998 and
2016 were selected from the Surveillance Epidemiology
and End Results (SEER) database using the SEERStat
software 8.3.8 [11]. Histology codes were obtained from
the Third Edition of the International Classification of
Diseases for Oncology (ICD-O-3). Patients with the fol-
lowing histological types were included: non-mucinous
adenocarcinoma (NMAC) 8140, 8144, 8211, 8255, 8262,
8310, 8440 and 8460; mucinous adenocarcinoma (MAC)
8470, 8471, 8480 and 8481; goblet cell carcinoid (GCC)
8243 and 8245; signet ring cell carcinoma (SRCC) 8490;
mixed neuroendocrine non-neuroendocrine neoplasms
(MiNENs) 8244; neuroendocrine tumors (NETs) 8240
and 8241; neuroendocrine carcinomas (NECs) 8013 and
8246 [2]. Patients were excluded if their age at diagnosis
was less than 18 years, or if their survival time or T, N,
M stage information was unknown, or if they had had a
tumor at Tis or T0 stage.

The following clinicopathological variables were ex-
tracted from the database: age at diagnosis, year of diag-
nosis, gender, race, region, status of serum CEA, tumor
size, histology, tumor grade, tumor deposit, T, N and M
stages, number of lymph node harvested, surgery,
chemotherapy, survival time, cancer-specific death, and
overall death. Race was grouped into four categories:
white, black, other and unknown. Tumor size was cate-
gorized into three groups: ≤ 5 cm, > 5 cm and unknown.
Number of lymph nodes harvested were divided into
three groups: ≤ 12, > 12 and unknown. The extent of
surgery was categorized into three groups: less than
hemicolectomy, hemicolectomy or more, and unknown.
The Human Subjects Committee of Institutional Re-

view Board in our hospital exempted this study from re-
view since preexisting data with no personal identifiers
was used.

Statistical analysis
Continuous data were presented as mean ± standard de-
viation (SD), or median (range). Differences were ana-
lyzed using T test or One-Way ANOVA after a square
root transformation, if necessary. Categorical data were
analyzed using the Chi-square test. The survival curves
were constructed using the Kaplan-Meier method and
Log-rank test was applied to interrogate significant dif-
ferences. Univariate and multivariate Cox proportional
hazard models were used to compare the impact of
chemotherapy and other variables on both cancer-
specific and overall survival in appendiceal cancer pa-
tients. A backward stepwise selection was used to select
variables to build multivariate models, in which chemo-
therapy was always included. Briefly, all variables were
first included in a model. During the backward selection,
a variable with the highest P value was removed from
each step until P values for each variable in the final
model were less than 0.05. A two-sided p ≤ 0.05 was
considered statistically significant. All statistical analyses
were completed using SAS software V9.3 (SAS Institute,
Cary, NC).

Results
A total of 8733 appendiceal cancer patients at a median
age of 57 (range 18–99) years were identified from the
database. The most common histological type was MAC
(32.4%), followed by NMAC (20.2%), NETs (19.1%) and
GCC (12.5%), whereas SRCC, NECs and MiNENs
accounted for 6.6, 4.8 and 4.5%, respectively. During the
study period, 1709 (19.6%) patients died of the disease
and 2733 (31.3%) died from all causes (Table 1). After
stratification by demographics and by whether patients
had received chemotherapy, the data revealed that
chemotherapy was administered at highly variable rates
among different histological types. As high as 64.0%
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Table 1 Characteristics of appendiceal cancer patients treated with or without chemotherapy in 1998–2016

Variable All ptients Chemotherapy status P value

(n = 8733) No (n = 5957) Yes (n = 2776)

Age

Mean ± SD 56.3 ± 16.4 56.2 ± 18 56.6 ± 12.3 < 0.0001

Median (range) 57 (18–99) 57 (18–99) 57 (19–89)

≤ 56 5075 (58.1) 2885 (48.4) 1351 (48.7) 0.4273

> 56 3658 (41.9) 3072 (51.6) 1425 (51.3)

Gender

Male 3947 (45.2) 3276 (68.5) 1510 (31.6) 0.0603

Female 4786 (54.8) 2681 (67.9) 1266 (32.1)

Marital status

Marrieda 5067 (58) 3215 (63.5) 1852 (36.6) < 0.0001

Unmarried 3262 (37.4) 2423 (74.3) 839 (25.7)

Unknown 404 (4.6) 319 (79) 85 (21)

Race

African American 854 (9.8) 576 (67.5) 278 (32.6) 0.0001

White 7299 (83.6) 4994 (68.4) 2305 (31.6)

Other 515 (5.9) 328 (63.7) 187 (36.3)

Unknown 65 (0.7) 59 (90.8) 6 (9.2)

Region

West 4185 (47.9) 2899 (69.3) 1286 (30.7) 0.0803

South 2078 (23.8) 1410 (67.9) 668 (32.2)

Midwest 824 (9.4) 535 (64.9) 289 (35.1)

Northwest 1646 (18.9) 1113 (67.6) 533 (32.4)

CEA

Negative 1126 (12.9) 513 (45.6) 613 (54.4) < 0.0001

Positive 1097 (12.6) 430 (39.2) 667 (60.8)

Unknown 6510 (74.5) 5014 (77) 1496 (23)

Tumor deposit

Negative 2222 (25.4) 1391 (62.6) 831 (37.4) < 0.0001

Positive 438 (5) 128 (29.2) 310 (70.8)

Unknown 6073 (69.5) 4438 (73.1) 1635 (26.9)

Tumor size

< 2 cm 2742 (31.4) 2467 (90) 275 (10) < 0.0001

≥ 2 cm 3668 (42) 2086 (56.9) 1582 (43.1)

Unknown 2323 (26.6) 1404 (60.4) 919 (39.6)

Harvested lymph nodes

≤ 12 5098 (58.4) 3804 (74.6) 1294 (25.4) < 0.0001

> 12 3527 (40.4) 2093 (59.3) 1434 (40.7)

Unknown 108 (1.2) 60 (55.6) 48 (44.4)

Histology

GCC 1087 (12.5) 927 (85.3) 160 (14.7) < 0.0001

MAC 2831 (32.4) 1518 (53.6) 1313 (46.4)

NMAC 1762 (20.2) 1046 (59.4) 716 (40.6)

SRCC 575 (6.6) 207 (36) 368 (64)
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SRCC, 46.4% MAC, 43.9% MiNENs, and 40.6% NMAC
patients received chemotherapy, while only 14.7% GCC,
5% NECs and 1.6% NETs patients were treated with
chemotherapy. Furthermore, a significantly higher pro-
portions of patients that received chemotherapy died of
the disease (P < 0.0001) or from all causes (P < 0.0001)
(Table 1).
We then compared the demographic and clinicopatho-

logical characteristics among patients with different
histological types (Table 2). Patients diagnosed with
NETs or NECs were significantly younger at the time of
diagnosis than patients with other histological types.

None of NETs and only 0.5% of NECs patients had
serum CEA levels measured or tumor deposit examined.
It was notable that over 90% of NECs were diagnosed at
the T1 or T2 stages. In contrast, much lower percent-
ages of patients with other histological types were at
these earlier stages. Significantly higher proportions of
SRCC (61.4%) and MAC (57.8%) were diagnosed at T4
stage. The data also found that both NETs and NECs
had significantly smaller tumor sizes, with 65.8 and
84.0%, respectively, of tumors less than 2 cm. It is noted
that 72.1% NETs patients had well differentiated cancer.
Both NETs and NECs had the smallest percentage of

Table 1 Characteristics of appendiceal cancer patients treated with or without chemotherapy in 1998–2016 (Continued)

Variable All ptients Chemotherapy status P value

(n = 8733) No (n = 5957) Yes (n = 2776)

NECs 421 (4.8) 400 (95) 21 (5)

NETs 1667 (19.1) 1640 (98.4) 27 (1.6)

MiNENs 390 (4.5) 219 (56.2) 171 (43.9)

T stage

T1 2224 (25.5) 2122 (35.6) 102 (3.7) < 0.0001

T2 748 (8.6) 682 (11.5) 66 (2.4)

T3 2680 (30.7) 1904 (32) 776 (28)

T4 3081 (35.3) 1249 (21) 1832 (66)

N stage

N0 6984 (80) 5293 (88.9) 1691 (60.9) < 0.0001

N1 1096 (12.6) 454 (7.6) 642 (23.1)

N2 653 (7.5) 210 (3.5) 443 (16)

M stage

M0 6604 (75.6) 5267 (79.8) 1337 (20.3) < 0.0001

M1 2129 (24.4) 690 (32.4) 1439 (67.6)

Grade

Well differentiated 3015 (34.5) 2475 (82.1) 540 (17.9) < 0.0001

Moderately differentiated 2320 (26.6) 1411 (60.8) 909 (39.2)

Poorly or un-differentiated 1403 (16.1) 576 (41.1) 827 (59)

Unknown 1995 (22.8) 1495 (74.9) 500 (25.1)

Surgery

Less than hemicolectomy 3847 (44.1) 3075 (79.9) 772 (20.1) < 0.0001

Hemicolectomy or more 4406 (50.5) 2600 (59) 1806 (41)

Other 480 (5.5) 282 (58.8) 198 (41.3)

Cancer specific death

No 7024 (80.4) 5232 (74.5) 1792 (25.5) < 0.0001

Yes 1709 (19.6) 725 (42.4) 984 (57.6)

Overall death

No 6000 (68.7) 4456 (74.3) 1544 (25.7) < 0.0001

Yes 2733 (31.3) 1501 (54.9) 1232 (45.1)
aUnmarried status, including divorced, separated, widowed and unmarried. SRCC signet ring cell carcinoma; MAC, mucinous adenocarcinomas; NMAC, non-
mucinous adenocarcinoma; MiNENs mixed neuroendocrine non-neuroendocrine neoplasms; GCC goblet cell carcinoma; NETs neuroendocrine tumors; NECs
neuroendocrine carcinomas
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Table 2 Characteristics of patients with different histological types of appendiceal cancer

Variable Histological Types P value

GCC
(n = 1087)

MAC
(n = 2831)

SRCC
(n = 575)

NECs
(n = 421)

NETs
(n = 1667)

NMAC
(n = 1762)

MiNENs
(n = 390)

Age

Mean ± SD 56.5 ± 13.6 59.6 ± 14.2 59.8 ± 12.7 45.7 ± 17.3 44.9 ± 17.8 62.8 ± 14.8 58.4 ± 12. < 0.0001

Median (range) 56 (18–99) 60 (19–98) 59 (27–94) 46 (18–94) 44 (18–95) 63 (19–97) 58 (20–89)

≤ 56 552 (50.8) 1181 (41.7) 243 (42.3) 300 (71.3) 1199 (71.9) 591 (33.5) 170 (43.6) < 0.0001

> 56 535 (49.2) 1650 (58.3) 332 (57.7) 121 (28.7) 468 (28.1) 1171 (66.5) 220 (56.4)

Gender

Male 529 (48.7) 1272 (44.9) 238 (41.4) 156 (37.1) 642 (38.5) 912 (51.8) 198 (50.8) < 0.0001

Female 558 (51.3) 1559 (55.1) 337 (58.6) 265 (63) 1025 (61.5) 850 (48.2) 192 (49.2)

Marital status

Married 650 (59.8) 1787 (63.1) 357 (62.1) 197 (46.8) 792 (47.5) 1041 (59.1) 243 (62.3) < 0.0001

Unmarrieda 386 (35.5) 946 (33.4) 194 (33.7) 182 (43.2) 769 (46.1) 655 (37.2) 130 (33.3)

Unknown 51 (4.7) 98 (3.5) 24 (4.2) 42 (10) 106 (6.4) 66 (3.8) 17 (4.4)

Race

African American 103 (9.5) 256 (9) 55 (9.6) 34 (8.1) 135 (8.1) 236 (13.4) 35 (9) < 0.0001

White 938 (86.3) 2341 (82.7) 478 (83.1) 359 (85.3) 1447 (86.8) 1395 (79.2) 341 (87.4)

Other 40 (3.7) 223 (7.9) 41 (7.1) 17 (4) 60 (3.6) 122 (6.9) 12 (3.1)

Unknown 6 (0.6) 11 (0.4) 1 (0.2) 11 (2.6) 25 (1.5) 9 (0.5) 2 (0.5)

Region

West 467 (43) 1506 (53.2) 275 (47.8) 171 (40.6) 782 (46.9) 820 (46.5) 164 (42.1) < 0.0001

South 271 (24.9) 585 (20.7) 132 (23) 110 (26.1) 417 (25) 467 (26.5) 96 (24.6)

Midwest 120 (11) 252 (8.9) 45 (7.8) 52 (12.4) 140 (8.4) 153 (8.7) 62 (15.9)

Northwest 229 (21.1) 488 (17.2) 123 (21.4) 88 (20.9) 328 (19.7) 322 (18.3) 68 (17.4)

CEA

Negative 121 (11.1) 430 (15.2) 145 (25.2) 2 (0.5) 0 (0) 348 (19.8) 80 (20.5) < 0.0001

Positive 40 (3.7) 671 (23.7) 100 (17.4) 2 (0.5) 0 (0) 254 (14.4) 30 (7.7)

Unknown 926 (85.2) 1730 (61.1) 330 (57.4) 417 (99.1) 1667 (100) 1160 (65.8) 280 (71.8)

Deposit

Negative 470 (43.2) 866 (30.6) 158 (27.5) 2 (0.5) 0 (0) 564 (32) 162 (41.5) < 0.0001

Positive 21 (1.9) 176 (6.2) 82 (14.3) 2 (0.5) 0 (0) 123 (7) 34 (8.7)

Unknown 596 (54.8) 1789 (63.2) 335 (58.3) 417 (99.1) 1667 (100) 1075 (61) 194 (49.7)

Tumor size

< 2 cm 383 (35.2) 260 (9.2) 44 (7.7) 277 (65.8) 1400 (84) 312 (17.7) 66 (16.9) < 0.0001

≥ 2 cm 392 (36.1) 1456 (51.4) 334 (58.1) 119 (28.3) 240 (14.4) 927 (52.6) 200 (51.3)

Unknown 312 (28.7) 1115 (39.4) 197 (34.3) 25 (5.9) 27 (1.6) 523 (29.7) 124 (31.8)

Harvested lymph nodes

≤ 12 624 (57.4) 1589 (56.1) 282 (49) 284 (67.5) 1288 (77.3) 880 (49.9) 151 (38.7) < 0.0001

> 12 457 (42) 1199 (42.4) 286 (49.7) 130 (30.9) 364 (21.8) 855 (48.5) 236 (60.5)

Unknown 6 (0.6) 43 (1.5) 7 (1.2) 7 (1.7) 15 (0.9) 27 (1.5) 3 (0.8)

T stage

T1 108 (9.9) 233 (8.2) 20 (3.5) 293 (69.6) 1416 (84.9) 143 (8.1) 11 (2.8) < 0.0001

T2 137 (12.6) 180 (6.4) 14 (2.4) 48 (11.4) 152 (9.1) 204 (11.6) 13 (3.3)

T3 649 (59.7) 783 (27.7) 188 (32.7) 48 (11.4) 80 (4.8) 723 (41) 209 (53.6)
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patients died of the disease or from all causes during the
study period (Table 2).
Univariate survival analysis showed that chemotherapy

was significantly associated with worse cancer-specific
survival (Hazard ration (HR) =3.54, 95% confidence inter-
val (CI) =3.14–3.99, P < 0.0001) (Table 3 and Fig. 1A). In
addition, histology of SRCC, MAC and NMAC (vs GCC),
older age, unmarried status, African American race, South
or Midwest region, positive serum CEA, tumor deposit,
tumor size ≥2 cm, advanced T, N, M stages, ≤12 lymph
node harvested, higher grade and extent of surgical inter-
vention less than hemicolectomy were associated with re-
duced cancer-specific survival (Fig. 1B-H). Multivariate
analysis revealed that chemotherapy was not associated
with cancer-specific survival (HR = 0.93, 95% CI =0.81–
1.07, P = 0.2983). Compared with patients with GCC,

patients with NMAC (HR = 2.26, 95% CI = 1.71–42.99,
P < 0.0001), SRCC (HR = 1.89, 95% CI = 1.42–2.55, P <
0.0001) and MiNENs (HR = 1.72, 95% CI = 1.23–2.41, P <
0.0001) had significantly lower cancer-specific survival,
NETs (HR = 0.32, 95% CI =0.16–0.65, P < 0.0001) had sig-
nificantly improved cancer-specific survival, and MAC
(HR = 1.31, 95% CI =0.99–1.74, P = 0.0609) and NECs
(HR = 0.76, 95% CI =0.42–1.4, P = 0.3766) showed no sig-
nificant difference. Increased age, unmarried status,
African American race, positive serum CEA, tumor de-
posit, ≤ 12 lymph node harvested, advanced T stage,
lymph node metastasis, distant metastasis, and higher
grade, were significantly associated with lower cancer-
specific survival (Table 3).
Our data showed that chemotherapy was significantly

associated with worse overall survival (HR = 2.11, 95%

Table 2 Characteristics of patients with different histological types of appendiceal cancer (Continued)

Variable Histological Types P value

GCC
(n = 1087)

MAC
(n = 2831)

SRCC
(n = 575)

NECs
(n = 421)

NETs
(n = 1667)

NMAC
(n = 1762)

MiNENs
(n = 390)

T4 193 (17.8) 1635 (57.8) 353 (61.4) 32 (7.6) 19 (1.1) 692 (39.3) 157 (40.3)

N stage

N0 950 (87.4) 2387 (84.3) 289 (50.3) 337 (80.1) 1534 (92) 1236 (70.2) 251 (64.4) < 0.0001

N1 91 (8.4) 291 (10.3) 136 (23.7) 72 (17.1) 128 (7.7) 312 (17.7) 66 (16.9)

N2 46 (4.2) 153 (5.4) 150 (26.1) 12 (2.9) 5 (0.3) 214 (12.2) 73 (18.7)

M stage

M0 1003 (92.3) 1608 (56.8) 285 (49.6) 397 (94.3) 1646 (98.7) 1377 (78.2) 288 (73.9) < 0.0001

M1 84 (7.7) 1223 (43.2) 290 (50.4) 24 (5.7) 21 (1.3) 385 (21.9) 102 (26.2)

Grade

Well differentiated 165 (15.2) 1054 (37.2) 11 (1.9) 304 (72.2) 1201 (72.1) 244 (13.9) 36 (9.2) < 0.0001

Moderately differentiated 142 (13.1) 973 (34.4) 35 (6.1) 50 (11.9) 136 (8.2) 928 (52.7) 56 (14.4)

Poorly or un-differentiated 88 (8.1) 296 (10.5) 381 (66.3) 31 (7.4) 9 (0.5) 441 (25) 157 (40.3)

Unknown 692 (63.7) 508 (17.9) 148 (25.7) 36 (8.6) 321 (19.3) 149 (8.5) 141 (36.2)

Surgery

Less than hemicolectomy 489 (45) 983 (34.7) 167 (29) 246 (58.4) 1216 (73) 619 (35.1) 127 (32.6) < 0.0001

Hemicolectomy or more 561 (51.6) 1631 (57.6) 366 (63.7) 151 (35.9) 380 (22.8) 1064 (60.4) 253 (64.9)

Other 37 (3.4) 217 (7.7) 42 (7.3) 24 (5.7) 71 (4.3) 79 (4.5) 10 (2.6)

Chemotherapy

No 927 (85.3) 1518 (53.6) 207 (36) 400 (95) 1640 (98.4) 1046 (59.4) 219 (56.2) < 0.0001

Yes 160 (14.7) 1313 (46.4) 368 (64) 21 (5) 27 (1.6) 716 (40.6) 171 (43.9)

Cancer specific death

No 968 (89.1) 2135 (75.4) 313 (54.4) 403 (95.7) 1656 (99.3) 1259 (71.5) 290 (74.4) < 0.0001

Yes 119 (11) 696 (24.6) 262 (45.6) 18 (4.3) 11 (0.7) 503 (28.6) 100 (25.6)

Overall death

No 837 (77) 1779 (62.8) 221 (38.4) 372 (88.4) 1605 (96.3) 930 (52.8) 256 (65.6) < 0.0001

Yes 250 (23) 1052 (37.2) 354 (61.6) 49 (11.6) 62 (3.7) 832 (47.2) 134 (34.4)
aUnmarried status including, divorced, separated, widowed and unmarried. CI confidence interval; HR hazard ratio; SRCC signet ring cell carcinoma; MAC mucinous
adenocarcinomas; NMAC non-mucinous adenocarcinoma; MiNENs mixed neuroendocrine non-neuroendocrine neoplasms; GCC goblet cell carcinoma; NETs
neuroendocrine tumors; NECs, neuroendocrine carcinomas
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Table 3 Risk factors correlated with cancer-specific survival in all appendiceal cancer patients

Variable Cancer-specific Survival Overall survival

Univariate P value Multivariate P value Univariate P value Multivariate P value

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Age

≤ 56 1 1 1 1

> 56 1.46 (1.3–1.64) <.0001 1.19 (1.05–1.34) 0.0054 1.99 (1.8–2.19) <.0001 1.61 (1.45–1.78) <.0001

Gender

Male 1 1 1

Female 1.06 (0.94–1.19) 0.3459 0.92 (0.84–1.01) 0.0715 0.82 (0.74–0.9) <.0001

Marital status

Married 1 1 1 1

Unmarrieda 1.04 (0.92–1.18) 0.507 1.24 (1.09–1.4) 0.0008 1.17 (1.07–1.29) 0.0011 1.35 (1.22–1.49) <.0001

Unknown 0.78 (0.58–1.06) 0.1106 1.3 (0.96–1.77) 0.092 0.84 (0.66–1.07) 0.1632 1.28 (1–1.63) 0.0501

Race

African American 1 1 1 1

White 0.72 (0.6–0.85) 0.0002 0.75 (0.62–0.9) 0.0017 0.75 (0.65–0.86) <.0001 0.82 (0.71–0.95) 0.0068

Other 0.9 (0.69–1.18) 0.447 0.77 (0.58–1.02) 0.0728 0.82 (0.65–1.02) 0.0744 0.8 (0.63–1.02) 0.0657

Unknown 0.16 (0.04–0.64) 0.0098 0.39 (0.1–1.6) 0.1928 0.16 (0.05–0.49) 0.0014 0.33 (0.11–1.04) 0.0592

Region

West 1 1 1 1

South 1.16 (1.01–1.34) 0.0397 1.22 (1.05–1.42) 0.01 1.16 (1.03–1.3) 0.0124 1.2 (1.06–1.35) 0.0034

Midwest 1.38 (1.14–1.67) 0.0008 1.22 (1–1.49) 0.0478 1.29 (1.1–1.51) 0.0014 1.18 (1–1.39) 0.0475

Northwest 0.93 (0.79–1.1) 0.3925 1.03 (0.87–1.21) 0.7785 0.98 (0.86–1.12) 0.7558 1.06 (0.93–1.21) 0.3898

CEA

Negative 1 1 1 1

Positive 1.82 (1.54–2.15) <.0001 1.4 (1.17–1.67) 0.0006 1.67 (1.45–1.93) <.0001 1.33 (1.14–1.54) 0.0002

Unknown 0.53 (0.45–0.61) <.0001 0.97 (0.83–1.14) 0.7777 0.63 (0.55–0.71) <.0001 0.99 (0.87–1.13) 0.909

Deposit

Negative 1 1 1 1

Positive 4.21 (3.49–5.07) <.0001 1.31 (1.07–1.6) 0.008 3.36 (2.88–3.92) <.0001 1.36 (1.15–1.61) 0.0003

Unknown 1.15 (1–1.32) 0.0431 1.37 (1.19–1.58) <.0001 1.04 (0.93–1.16) 0.4885 1.22 (1.09–1.37) 0.0007

Tumor size

< 2 cm 1 1 1 1

2–2.9 cm 3.45 (2.64–4.5) <.0001 1.23 (0.93–1.62) 0.1461 2.18 (1.8–2.65) <.0001 1.12 (0.91–1.38) 0.2898

≤ 3 cm 5.2 (4.2–6.42) <.0001 1.33 (1.06–1.67) 0.0143 3.19 (2.76–3.69) <.0001 1.25 (1.06–1.47) 0.0085

Unknown 4.53 (3.64–5.65) <.0001 1.33 (1.06–1.69) 0.0163 2.87 (2.46–3.34) <.0001 1.24 (1.05–1.47) 0.0132

Harvested lymph nodes

≤ 12 1 1 1 1

> 12 0.88 (0.78–0.99) 0.0318 0.58 (0.51–0.66) <.0001 0.82 (0.75–0.91) <.0001 0.61 (0.55–0.68) <.0001

Unknown 1.76 (1.14–2.72) 0.0108 0.85 (0.55–1.32) 0.5551 1.46 (1–2.12) 0.0501 0.82 (0.56–1.2) 0.2969

Histology

GCC 1 1 1 1

MAC 2.39 (1.85–3.09) <.0001 1.31 (0.99–1.74) 0.0609 1.81 (1.5–2.19) <.0001 1.16 (0.94–1.43) 0.1765

NMAC 3.59 (2.77–4.67) <.0001 2.26 (1.71–2.99) <.0001 2.91 (2.4–3.53) <.0001 2.05 (1.66–2.53) <.0001

SRCC 6.81 (5.16–8.99) <.0001 1.89 (1.4–2.55) <.0001 4.63 (3.75–5.71) <.0001 1.78 (1.41–2.24) <.0001
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CI =1.93–2.32, P < 0.0001) in a univariate analysis (Table
3 and Fig. 2A). Similarly, histology of SRCC, MAC and
NMAC, increased age, male, unmarried status, African
American race, South or Midwest region, positive serum
CEA, tumor deposit, ≤12 lymph node harvested, T3 or
T4 stage, lymph node metastasis, distant metastasis,
higher grade and less than hemicolectomy were signifi-
cantly associated with worse overall survival (Fig. 2B-H).
Multivariate analysis showed chemotherapy was signifi-
cantly associated with improved overall survival (HR =
0.73, 95% CI =0.65–0.82, P < 0.0001). Patients with
MiNENs, NMAC and SRCC had significantly worse
overall survival than patients with GCC, whereas

patients with MAC, NECs and NETs had no significant
difference in overall survival compared to patients with
GCC. Patients with increased age, unmarried status,
African American race, positive serum CEA, ≤12 har-
vested lymph nodes, T4 stage, lymph node metastasis,
distant metastasis and higher grade were all significantly
associated with worse overall survival in both univariate
and multivariate analysis (Table 3).
Univariate analysis indicated that chemotherapy was

significantly associated with worse cancer specific and
overall survival during 1998–2011 (Supplemental data
Fig. S1A-B) and 2012–2016 (Supplemental data Fig.
S1C-D). Multivariate analysis showed that chemotherapy

Table 3 Risk factors correlated with cancer-specific survival in all appendiceal cancer patients (Continued)

Variable Cancer-specific Survival Overall survival

Univariate P value Multivariate P value Univariate P value Multivariate P value

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Age

NECs 0.42 (0.23–0.74) 0.0027 0.76 (0.42–1.4) 0.3776 0.63 (0.44–0.89) 0.0093 0.95 (0.65–1.39) 0.7755

NETs 0.12 (0.06–0.23) <.0001 0.32 (0.16–0.65) 0.0017 0.35 (0.26–0.48) <.0001 0.64 (0.45–0.92) 0.0171

MiNENs 3.03 (2.18–4.2) <.0001 1.72 (1.23–2.41) 0.0016 2.08 (1.61–2.7) <.0001 1.4 (1.07–1.83) 0.0137

T stage

T1 1 1 1 1

T2 1.54 (0.96–2.46) 0.0741 0.77 (0.47–1.24) 0.2788 1.34 (1.03–1.76) 0.0327 0.79 (0.59–1.05) 0.1077

T3 4.51 (3.32–6.13) <.0001 1.51 (1.08–2.12) 0.0165 2.38 (1.99–2.85) <.0001 1.15 (0.93–1.43) 0.1923

T4 12.72 (9.5–17.02) <.0001 2.38 (1.71–3.32) <.0001 5.2 (4.4–6.15) <.0001 1.69 (1.37–2.09) <.0001

N stage

N0 1 1 1 1

N1 3.14 (2.72–3.62) <.0001 2.26 (1.93–2.65) <.0001 2.32 (2.06–2.61) <.0001 2 (1.75–2.28) <.0001

N2 8.15 (7.05–9.42) <.0001 3.03 (2.53–3.62) <.0001 5.8 (5.14–6.56) <.0001 2.89 (2.48–3.37) <.0001

M stage

M0 1 1 1 1

M1 5.46 (4.85–6.16) <.0001 2.45 (2.1–2.86) <.0001 3.47 (3.16–3.81) <.0001 2.04 (1.8–2.31) <.0001

Grade

Well differentiated 1 1 1 1

Moderately differentiated 2.83 (2.33–3.44) <.0001 1.62 (1.32–1.99) <.0001 2.32 (2.01–2.67) <.0001 1.49 (1.28–1.73) <.0001

Poorly or un-differentiated 8.52 (7.08–10.26) <.0001 2.73 (2.2–3.39) <.0001 5.44 (4.73–6.25) <.0001 2.21 (1.87–2.62) <.0001

Unknown 2.53 (2.05–3.11) <.0001 2.16 (1.73–2.69) <.0001 2.08 (1.78–2.42) <.0001 1.71 (1.45–2.02) <.0001

Surgery

Less than hemicolectomy 1 1 1

Hemicolectomy or more 1.43 (1.26–1.63) <.0001 1.22 (1.11–1.35) <.0001 0.89 (0.8–0.98) 0.024

Other 2.88 (2.36–3.52) <.0001 2.16 (1.82–2.56) <.0001 1.51 (1.26–1.81) <.0001

Chemotherapy

No 1 1 1 1

Yes 3.54 (3.14–3.99) <.0001 0.93 (0.8–1.07) 0.2983 2.11 (1.93–2.32) <.0001 0.73 (0.65–0.82) <.0001
aUnmarried status including divorced, separated, widowed and unmarried. CI confidence interval; HR hazard ratio; SRCC signet ring cell carcinoma; MAC mucinous
adenocarcinomas; NMAC non-mucinous adenocarcinoma; MiNENs mixed neuroendocrine non-neuroendocrine neoplasms; GCC goblet cell carcinoma; NETs
neuroendocrine tumors; NECs neuroendocrine carcinomas
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Fig. 1 Cancer specific curves for patients with appendiceal cancer. A Chemotherapy. B Histological types. C Serum CEA. D Tumor size. E Number
of lymph node harvested. LN, lymph node. F Grade. G T stage. H Surgery
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Fig. 2 Overall survival for patients with appendiceal cancer. A Chemotherapy. B Histological types. C Serum CEA. D Tumor size. E Number of
lymph node harvested. LN, lymph node. F Grade. G T stage. H Surgery
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was not significantly associated with cancer-specific sur-
vival (HR = 1.1, 95% CI =0.92–1.33, P = 0.2937), but was
significantly associated with improved overall survival
(HR = 0.86, 95% CI =0.74–0.99, P = 0.0385) in all pa-
tients diagnosed during 1998–2011 (Supplemental data
Table S1). In contrast, chemotherapy significantly im-
proved both cancer-specific survival (HR = 0.72, 95% CI
=0.58–0.91, P < 0.0001) and overall survival (HR = 0.59,
95% CI =0.49–0.71, P < 0.0001) in all patients diagnosed
during 2012–2016 (Table 4).
We then determined the effect of chemotherapy in the

treatment of individual histological types. Survival rates
at 5 and 10 years were compared for patients that did
and did not undergo chemotherapy (Table 5). Our re-
sults revealed that chemotherapy was significantly asso-
ciated with lower cancer-specific survival in all
histological types (Fig. 3A-G), and overall survival in all
histologically types except MAC (Fig. 4A-G). Very few
patients with NETs or NECs received chemotherapy and
died from the disease.
Multivariate analysis showed that chemotherapy was

significantly associated with cancer specific in patients
with NMAC only during 2012–2016 (HR = 0.66, 95% CI =
0.44–0.99, P = 0.0449), MAC (HR = 0.49, 95% CI =0.31–
0.77, P = 0.0021) only during 2009–2016 and SRCC (HR =
0.23, 95% CI =0.11–0.50, P = 0.0002) only during 2013–
2016. In contrast, there was no significant association be-
tween chemotherapy and cancer specific survival in pa-
tients with GCC or MiNENs (Table 6) and in patient with
NETs or NECs (Supplemental data Table S2). Number (>
12) of sampled lymph nodes was significantly associated
with improved cancer specific survival in patients with
NMAC, MAC, and SRCC. Other prognostic factors were
also identified to be associated with cancer specific sur-
vival in patients with individual histological type.
Multivariate survival analysis revealed that chemotherapy

was significantly associated with overall survival in patients
with MAC (HR= 0.72, 95% CI =0.61–0.86, P < 0.0001),
NMAC (HR= 0.72, 95% CI =0.61–0.86, P= 0.0003) and
SRCC (HR= 0.62, 95% CI =0.46–0.84, P = 0.0002) during the
whole study period. In contrast, there was no significant as-
sociation between chemotherapy and overall survival in pa-
tients with GCC, MiNENs (Table 7), NETs and NECs
(Supplemental data Table S2). Number (> 12) of harvested
lymph nodes was one of the prognostic factors associated
with better overall survival in patients with GCC, NMAC,
MAC, SRCC and MiNENs. Other prognostic factors associ-
ated with overall survival were identified in patients with dif-
ferent histological type.

Discussion
This study examined the use of chemotherapy and its
potential association with survival in patients with differ-
ent histological types of appendiceal cancer using the

SEER database. The results revealed that chemotherapy
was administrated at highly varied rates among different
histological types. Chemotherapy significantly improved
cancer-specific survival in all patients diagnosed during
2012–2016, and in patients with NMAC during 2012–
2016, MAC during 2009–2016 and SRCC during 2013–
2016, though chemotherapy was significantly associated
with overall survival in the entire study period. This
finding suggests that chemotherapy provides survival
benefits in the treatment of appendiceal cancer on the
whole, and particularly for certain histological types. The
efficacy of chemotherapy in the treatment of these can-
cers appears to have improved in recent years.
This study found that MAC and NMAC were the

most common histological types in all cases examined in
this study. Our results revealed that chemotherapy was
significantly associated with both improved cancer-
specific survival in recent years or overall survival in pa-
tients with MAC and NMAC appendiceal cancer. The
beneficial effect of chemotherapy in treatment of appen-
diceal adenocarcinoma has been reported in previous
studies. Using the National Cancer Data Base (NCDB), a
retrospective study that included a total of 11,871
appendiceal cancer patients diagnosed during 1985 and
2006 was carried out. Only the overall survival informa-
tion was available in the database. Multivariate analysis
showed that chemotherapy improved overall survival for
both MAC and NMAC in stage I to III disease. For
patients with stage IV disease, chemotherapy signifi-
cantly improved overall survival for those with NMAC,
but not MAC [5]. Another study reported on 109 meta-
static NMAC appendiceal cancer patients treated with
chemotherapy. Patients who received combination
chemotherapy (either oxaliplatin or irinotecan-based)
had significantly improved overall survival compared to
those receiving fluoropyrimidine monotherapy, and pa-
tients with moderately and poorly differentiated tumors
had similar outcomes [9]. Kolla et al. recently reported
that in a study of 103 patients with appendiceal adeno-
carcinoma, adjuvant chemotherapy following complete
cytoreduction significantly improved overall survival
compared to cytoreduction alone [12]. In contrast, other
studies reported no beneficial effect of chemotherapy in
the treatment of appendiceal adenocarcinoma [6, 13,
14].
Although SRCC cases only accounted for 6.6% of all

examined appendiceal cancers in this study, these pa-
tients were among the highest proportion diagnosed at
T4 stage (61.4%) and treated with chemotherapy (60%).
Patients with SRCC had significantly lower survival than
other histological types. Multivariate analysis showed
that chemotherapy was significantly associated improved
cancer-specific survival in SRCC patients diagnosed dur-
ing 2013–2016 and overall survival in patients in the
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Table 4 Risk factors correlated with cancer-specific and overall survival in all appendiceal cancer patients diagnosed during 2012–
2016

Variable Cancer-specific survival Overall survival

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

Age

≤ 56 1

> 56 1.63 (1.39–1.92) <.0001

Sex

Male 1

Female 0.83 (0.71–0.96) 0.015

Marital status

Married 1 1

Unmarrieda 1.24 (1.02–1.5) 0.03 1.24 (1.06–1.45) 0.0065

Unknown 1.09 (0.66–1.8) 0.7293 1.18 (0.82–1.71) 0.3771

Region

West 1

South 1.37 (1.14–1.64) 0.0006

Midwest 1.25 (0.97–1.61) 0.0847

Northwest 1.19 (0.96–1.47) 0.1055

CEA

Negative 1 1

Positive 1.49 (1.13–1.96) 0.0052 1.3 (1.02–1.64) 0.0316

Unknown 0.91 (0.71–1.19) 0.4996 0.95 (0.77–1.18) 0.6546

Deposit

Negative 1 1

Positive 1.45 (1.11–1.9) 0.0064 1.53 (1.22–1.91) 0.0002

Unknown 1.44 (1.15–1.8) 0.0013 1.23 (1.02–1.48) 0.027

Harvested lymph nodes 1

≤ 12 0.56 (0.46–0.69) <.0001

> 12 1.12 (0.49–2.57) 0.7879

Unknown

Histology

GCC 1 1

MAC 1.8 (1.17–2.78) 0.0075 1.6 (1.16–2.22) 0.0046

NMAC 2.76 (1.81–4.21) <.0001 2.56 (1.86–3.5) <.0001

SRCC 2.21 (1.39–3.52) 0.0009 2.18 (1.53–3.12) <.0001

MiNENs 2.19 (1.32–3.66) 0.0026 1.67 (1.11–2.52) 0.0136

NECs 0.54 (0.19–1.5) 0.235 0.99 (0.54–1.81) 0.9704

NETs 0.3 (0.12–0.73) 0.0086 0.89 (0.54–1.46) 0.6515

T stage

T1 1 1

T2 0.73 (0.34–1.57) 0.4247 0.95 (0.6–1.49) 0.8078

T3 1.14 (0.65–1.99) 0.642 1.21 (0.83–1.77) 0.322

T4 1.71 (1–2.94) 0.0516 1.73 (1.19–2.51) 0.0042

N stage

N0 1 1
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Table 4 Risk factors correlated with cancer-specific and overall survival in all appendiceal cancer patients diagnosed during 2012–
2016 (Continued)

Variable Cancer-specific survival Overall survival

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

N1 2.46 (1.91–3.17) <.0001 0.56 (0.48–0.66) <.0001

N2 3.73 (2.84–4.9) <.0001 1.18 (0.62–2.24) 0.6124

M stage

M0 1 1

M1 2.54 (1.98–3.26) <.0001 2.15 (1.76–2.62) <.0001

Grade

Well differentiated 1 1

Moderately differentiated 2.38 (1.66–3.42) <.0001 1.84 (1.44–2.36) <.0001

Poorly or un-differentiated 3.4 (2.32–4.97) <.0001 2.46 (1.88–3.23) <.0001

Unknown 3.2 (2.18–4.71) <.0001 2.42 (1.85–3.15) <.0001

Chemotherapy

No 1 1

Yes 0.72 (0.58–0.91) 0.0051 0.59 (0.49–0.71) <.0001
aUnmarried status, including divorced, separated, widowed and unmarried. CI confidence interval; HR hazard ratio; SRCC signet ring cell carcinoma; MAC, mucinous
adenocarcinomas; NMAC non-mucinous adenocarcinoma; MiNENs mixed neuroendocrine non-neuroendocrine neoplasms; GCC goblet cell carcinoma; NETs
neuroendocrine tumors; NECs neuroendocrine carcinomas

Table 5 Comparison of survival rates between patients treated with or without chemotherapy in appendiceal cancer of different
histological types

Cancer-specific death Overall death

Case (%) Deaths 5 years 10 years P value Case (%) Deaths 5 years 10 years P value

GCC

No chemotherapy 927 (85.3) 68 0.9364 0.8669 <.0001 927 (85.3) 183 0.8255 0.6896 <.0001

Chemotherapy 160 (14.7) 51 0.5455 0.4994 160 (14.7) 67 0.4678 0.3588

MAC

No chemotherapy 1518 (53.6) 313 0.7876 0.6911 <.0001 1518 (53.6) 582 0.6584 0.4944 0.281

Chemotherapy 1313 (46.4) 383 0.6599 0.5438 1313 (46.4) 470 0.6078 0.4714

NMAC

No chemotherapy 1046 (59.4) 217 0.7531 0.6998 <.0001 1046 (59.4) 461 0.5621 0.4454 <.0001

Chemotherapy 716 (40.6) 286 0.5231 0.4072 716 (40.6) 371 0.4375 0.318

SRCC

No chemotherapy 207 (36) 68 0.6508 0.4773 <.0001 207 (36) 119 0.4819 0.2768 <.0001

Chemotherapy 368 (64) 194 0.3274 0.2215 368 (64) 235 0.2574 0.166

NECs

No chemotherapy 400 (95) 12 0.9662 0.9304 <.0001 400 (95) 40 0.8896 0.7974 <.0001

Chemotherapy 21 (5) 6 0.5071 0.5071 21 (5) 9 0.4031 0.4031

NETs

No chemotherapy 1640 (98.4) 8 0.8013 <.0001 1640 (98.4) 57 0.9401 0.9177 <.0001

Chemotherapy 27 (1.6) 3 0.8013 27 (1.6) 5 0.7017

MiNENs

No chemotherapy 219 (56.2) 39 0.8021 0.6821 <.0001 219 (56.2) 69 0.7125 0.5378 <.0001

Chemotherapy 171 (43.9) 61 0.4726 0.2989 171 (43.9) 75 0.4092 0.202
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Fig. 3 Cancer specific curves for patients with different histological type of appendiceal cancer. A GCC. B MAC. C NMAC. D SRCC. E NECs. F NETs.
G MiNENS
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Fig. 4 Overall survival for patients with different histological type of appendiceal cancer. A GCC. B MAC. C NMAC. D SRCC. E NECs. F NETs.
G MiNENS
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Table 6 Risk factors correlated with cancer specific in patients with individual histological type of appendiceal cancer
Variable

Study period 2012–1016 2009–2016 2013–2016 2009–2016 1998–2016

Histological type NMAC MAC SRCC GCC MiNENs

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

P value

Marital status

Marrieda 1

Unmarried 1.49 (1.18–1.87) 0.0006

Unknown 1.06 (0.57–1.97) 0.8627

Race

African American 1

White 0.22 (0.12–0.41) <.0001

Other 0.09 (0.02–0.49) 0.0053

Unknown 0 0.9866

Region

West 1

South 1.22 (0.92–1.62) 0.1647

Midwest 1.47 (1.01–2.14) 0.0428

Northwest 1.01 (0.72–1.4) 0.9737

CEA

Negative 1 1

Positive 1.86 (1.15–3) 0.0113 2.51 (1.4–4.49) 0.002

Unknown 1.22 (0.77–1.93) 0.3881 1.5 (0.91–2.45) 0.1092

Deposit

Negative 1 1 1

Positive 1.75 (1.09–2.82) 0.0209 1.99 (1.41–2.82) <.0001 2.57 (1.07–6.17) 0.0346

Unknown 1.55 (1.04–2.3) 0.0296 1.4 (1.09–1.81) 0.0095 2.04 (1.16–3.57) 0.0133

Tumor size

< 2 cm 1

2–2.9 cm 2.28 (0.75–6.97) 0.1468

≤ 3 cm 3.14 (1.16–8.51) 0.0242

Unknown 2.82 (1–7.96) 0.0502

Harvested lymph nodes

≤ 12 1 1 1

> 12 0.62 (0.42–0.91) 0.0143 0.66 (0.52–0.84) 0.0006 0.59 (0.39–0.89) 0.0116

Unknown 1.1 (0.33–3.71) 0.8738 0.54 (0.22–1.33) 0.1788 0 0.9885

T stage

T1 1 0.64 (0.08–4.85) 0.6656

T2 0.94 (0.33–2.72) 0.9087 0.8 (0.11–6.07) 0.8308

T3 1.67 (0.86–3.25) 0.1277 1

T4 2.57 (1.39–4.76) 0.0027 2.59 (1.43–4.66) 0.0016

N stage

N0 1 1 1 1

N1 2.01 (1.31–3.08) 0.0015 2.4 (1.76–3.28) <.0001 2.48 (1.46–4.22) 0.0008 2.67 (1.28–5.57) 0.0088

N2 2.69 (1.66–4.38) <.0001 3.81 (2.61–5.55) <.0001 3.23 (1.94–5.39) <.0001 5.65 (2.38–13.41) <.0001

M stage

M0 1 1 1 1 1 1

M1 3.02 (1.97–4.63) <.0001 0.55 (0.42–0.72) <.0001 2.68 (1.65–4.35) <.0001 6.89 (3.2–14.82) <.0001 3.59 (2.05–6.3) <.0001

Grade
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entire study period. Our studies indicate that lymph
node or distant metastasis, advanced stage and positive
serum CEA were associated with significantly reduced
cancer-specific survival, whereas patients that had > 12
harvested lymph nodes harvested showed improved can-
cer specific survival. Based upon this finding, chemo-
therapy and harvesting of more than 12 lymph nodes are
strongly recommended in the treatment of these pa-
tients. A retrospective study reported systemic chemo-
therapy had a survival benefit in patients who were
suboptimal candidates for cytoreductive surgery [7]. An-
other retrospective study reported that poorly differenti-
ated or SRCC appendiceal cancer patients who
responded to chemotherapy had improved progression-
free survival [8]. However, Barrak et al. reported no sur-
vival effect of chemotherapy in the treatment of patients
with stage IV appendiceal cancers including SRCC [10].
In this study, 1667 (19.2%) NETs and 421 (4.3%) NECs

were identified from the SEER database. Most of these
cancers were diagnosed at younger ages and at early
stages with smaller tumor sizes. Consistent with previ-
ous studies, patients with neuroendocrine appendiceal
cancers were diagnosed at a much younger age than pa-
tients with other primary appendiceal cancers [15, 16].
Serum CEA is a commonly examined serum marker in
the diagnosis of gastrointestinal cancer patients. How-
ever, this marker was examined in very few patients with
NETs and NECs. This study found that a high propor-
tion of patients had tumors that were less than 2 cm in
size. As a result, these patients had the lowest percent-
ages of distant metastasis or lymph node metastasis. A
much lower proportion of these patients were treated
with chemotherapy. Taken together, these results imply

that most of these cancers were detected incidentally,
during histopathological examination of the appendix
[17]. Multivariate analysis indicated that these cancers
were associated with higher rates of survival, compared
to appendiceal cancers of other histological types.
Chemotherapy was not significantly associated with
cancer-specific or overall survival. Because few patients
were treated with chemotherapy and few deaths oc-
curred in these patients, studies with larger sample sizes
are needed to study the effect of chemotherapy on the
treatment of these histological types of appendiceal
cancer.
Appendiceal goblet cell carcinoid (GCC) is a histo-

logical type with characteristic goblet cells mixed with
neuroendocrine tumors [18, 19]. In this study, a total
number of 1087 (12.5%) of GCC patients were identified.
Among this group, 119 (11%) patients died of this cancer
and 250 (23%) died from all causes. Univariate analysis
showed that chemotherapy was associated with lower
cancer-specific and overall survival. Multivariate analysis
revealed that GCC patients had worse prognoses than
classic NECs and NETs patients [20], but a better sur-
vival rate than some other histological types. Multivari-
ate analysis of survival rates showed chemotherapy was
not significantly associated with cancer-specific survival
in patients with GCC during 2009–2016, or overall sur-
vival in patients with GCC during 1998–2016. Sporadic
studies previously reported that chemotherapy didn’t sig-
nificantly improve survival in patients with GCC appen-
diceal cancer [18, 21–23]. Both North American
Neuroendocrine Tumor Society (NANETS) and the
European Neuroendocrine Tumor Society (ENETS) rec-
ommend hemicolectomy as the primary therapy for

Table 6 Risk factors correlated with cancer specific in patients with individual histological type of appendiceal cancer (Continued)
Variable

Study period 2012–1016 2009–2016 2013–2016 2009–2016 1998–2016

Histological type NMAC MAC SRCC GCC MiNENs

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

P value

Well differentiated 1 1

Moderately differentiated 3.41 (1.43–8.09) 0.0055 1.81 (1.35–2.43) <.0001

Poorly or un-differentiated 4.81 (1.97–11.74) 0.0006 3.05 (2.12–4.39) <.0001

Unknown 2.87 (1.1–7.5) 0.0315 2.41 (1.69–3.43) <.0001

Surgery

Less than hemicolectomy 1

Hemicolectomy or more 0.75 (0.51–1.11) 0.1493

Other 2.72 (1.39–5.35) 0.0036

Chemotherapy

No 1 1 1 1 1

Yes 0.67 (0.45–1) 0.0493 0.78 (0.6–0.997) 0.0477 0.54 (0.33–0.89) 0.0151 2.0 (0.94–4.28) 0.0734 0.78 (0.43–1.4) 0.4029
aUnmarried status, including divorced, separated, widowed and unmarried. CI confidence interval; HR hazard ratio; SRCC signet ring cell carcinoma; MAC mucinous
adenocarcinomas; NMAC non-mucinous adenocarcinoma; MiNENs mixed neuroendocrine non-neuroendocrine neoplasms; GCC goblet cell carcinoma; NETs
neuroendocrine tumors; NECs neuroendocrine carcinomas
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Table 7 Risk factors correlated with overall survival in patients with specific histological types of appendiceal cancer
Variable MAC NMAC SRCC GCC MiNENs

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

Age

≤ 56 1 1 1 1 1

> 56 1.44 (1.22–1.69) <.0001 1.45 (1.2–1.76) 0.0001 1.32 (1.02–1.71) 0.0381 1.6 (1.1–2.31) 0.0128 1.78 (1.14–2.79) 0.0116

Gender

Male 1

Female 0.71 (0.6–0.83) <.0001

Marital status

Married 1 1 1

Unmarrieda 1.41 (1.19–1.66) <.0001 1.51 (1.26–1.8) <.0001 2.12 (1.33–3.37) 0.0015

Unknown 1.18 (0.75–1.85) 0.4711 1.42 (0.93–2.17) 0.1067 1.15 (0.44–3.02) 0.7828

Race

African American 1

White 0.44 (0.27–0.71) 0.0008

Other 0.15 (0.03–0.65) 0.0114

Unknown 0! 0.9752

Region

West 1 1

South 1.25 (1.03–1.52) 0.0224 1.39 (1.13–1.71) 0.0021

Midwest 1.49 (1.15–1.93) 0.0027 1.14 (0.83–1.57) 0.4065

Northwest 1.02 (0.81–1.28) 0.886 1.08 (0.84–1.38) 0.5372

CEA

Negative 1 1 1

Positive 1.36 (1.06–1.75) 0.0168 1.49 (1.14–1.95) 0.0035 1.62 (1.13–2.32) 0.009

Unknown 0.89 (0.7–1.12) 0.3117 1.27 (1–1.6) 0.046 1.12 (0.83–1.52) 0.4668

Deposit

Negative 1 1 1

Positive 1.75 (1.31–2.33) 0.0001 1.38 (1.02–1.86) 0.0365 2.59 (1.29–5.19) 0.0074

Unknown 1.15 (0.95–1.38) 0.1512 1.32 (1.08–1.61) 0.0059 1.25 (0.86–1.82) 0.2347

Harvested lymph nodes

≤ 12 1 1 1 1 1

> 12 0.64 (0.54–0.75) <.0001 0.6 (0.49–0.73) <.0001 0.65 (0.49–0.85) 0.0016 0.51 (0.34–0.77) 0.0015 0.31 (0.19–0.49) <.0001

Unknown 0.59 (0.32–1.08) 0.0866 1.27 (0.66–2.42) 0.4734 1.25 (0.3–5.22) 0.761 4.46 (0.56–35.46) 0.1572 1.97 (0.44–8.92) 0.3789

T stage

T1 1 1 1 1.74 (0.76–3.96) 0.189 0.65 (0.32–1.33) 0.2409 0.74 (0.17–3.15) 0.6795

T2 1.21 (0.72–2.03) 0.4692 0.97 (0.67–1.41) 0.8767 1.42 (0.5–4.04) 0.5097 0.32 (0.12–0.88) 0.0267 0.77 (0.1–6.08) 0.7997

T3 1.47 (1.03–2.1) 0.0363 0.58 (0.4–0.83) 0.0027 1 1 1

T4 1.78 (1.27–2.49) 0.0009 1.45 (1.18–1.79) 0.0005 2.53 (1.74–3.69) <.0001 1.08 (0.67–1.74) 0.7398 2.1 (1.26–3.51) 0.0046

N stage

N0 1 1 1 1 1

N1 2.09 (1.66–2.61) <.0001 1.97 (1.57–2.47) <.0001 1.74 (1.23–2.46) 0.0016 2.28 (1.28–4.05) 0.0052 2.38 (1.26–4.49) 0.0075

N2 3.3 (2.47–4.4) <.0001 2.66 (2.03–3.47) <.0001 2.3 (1.65–3.2) <.0001 4.39 (2.26–8.53) <.0001 5.66 (2.98–10.73) <.0001

M stage

M0 1 1 1 1 1

M1 0.63 (0.52–0.76) <.0001 2.56 (2.02–3.26) <.0001 0.46 (0.33–0.63) <.0001 0.31 (0.17–0.58) 0.0002 0.32 (0.19–0.52) <.0001

Grade

Well differentiated 1 1 0.65 (0.13–3.23) 0.593 1

Moderately differentiated 1.58 (1.3–1.92) <.0001 1.48 (1.06–2.07) 0.0205 1 2.21 (0.61–7.93) 0.2253
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resectable appendiceal GCC [24]. This study found that
hemicolectomy or more extensive surgery was signifi-
cantly associated with improved survival in patients with
GCC. Recent studies reported that adjuvant chemother-
apy significantly improved overall survival in a specific
group of patients, such as including those with lymph
node-positive GCC [25] or stage III GCC after hemico-
lectomy [26].
MiNEN, previously also referred to as mixed adeno-

neuroendocrine carcinoma (MANEC), is another rare
histological subtype of appendiceal cancer. It is a hybrid
tumor comprised of both neuroendocrine and non-
neuroendocrine adenocarcinoma components. In this
study, only 390 (4.5%) patients were given a diagnosis of
MiNENs, but 100 (25.6%) died of this cancer and 134
(34.4%) died from all causes. Consistent with findings in
previous studies [2, 27], this study found that patients
with MiNENs had a significantly lower survival rate than
GCC patients. Multivariate analyses demonstrated that
T4 stage and distant metastasis were significantly associ-
ated with cancer-specific survival, while increased age,
unmarried status, T4 stage, lymph node, distant metasta-
sis and higher grade were significantly associated with
worse overall survival in patients with MiNENs appendi-
ceal cancer. However, chemotherapy was not signifi-
cantly associated with cancer-specific or overall survival.
This study showed that lymph node metastasis was an

independent prognostic biomarker associated with lower
cancer-specific survival in all histological types except
MiNENS and NETs. and overall survival in all histo-
logical types except NETs. Lymph node metastasis has
not been associated with lower survival in patients with
MAC [28]. Interestingly, this study found that cleaning
> 12 lymph nodes was associated with improved cancer-
specific survival and overall survival in all patients com-
bined, or in NMAC, MAC, SRCC and GCC, but only

with improved overall survival in patients with MiNENs.
In colorectal cancer, cleaning at least 12 lymph nodes
for adequate staging is recommended by National Com-
prehensive Cancer Network (NCCN) guidelines [29],
and has been associated with better prognosis [30, 31].
Our results suggest that adequate lymph node cleaning
may improve survival in some appendiceal cancer
patients.
There are several limitations in this study. It was a

retrospective study, and there may have been a bias in
patient selection that was not controlled for. Due to the
complex histological types of the disease, misclassifica-
tion of certain histological types was likely, particularly
for NETs and NECs. Detailed information was missing
from the database, such as drugs, dose and duration
used in chemotherapy. The intents (palliative or cura-
tive) of chemotherapy were not described in the data-
base. It was unknown whether chemotherapy was
provided before or after the surgery, or both. The data-
base lacked important data related to prognosis, such as
patients’ performance, nutritional status, side effects of
chemotherapy and post-operative complications. Cancer
markers and other clinical outcomes, such as the radio-
graphic response and recurrence, which were useful in
the evaluation of the efficacy of chemotherapy, were also
not available in the database.

Conclusions
The rates at which chemotherapy is used to treat the dif-
ferent types of appendiceal cancer are highly variable.
Chemotherapy treatments appear to show improved effi-
cacy in recent years. Chemotherapy is associated with
improved survival for patients with NMAC, MAC and
SRCC types of appendiceal cancer. Adequate lymph
node sampling results in a survival benefit for appendi-
ceal cancer patients.

Table 7 Risk factors correlated with overall survival in patients with specific histological types of appendiceal cancer (Continued)
Variable MAC NMAC SRCC GCC MiNENs

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

Poorly or un-differentiated 2.28 (1.75–2.96) <.0001 1.96 (1.38–2.79) 0.0002 2.67 (1.17–6.09) 0.0192 4.26 (1.41–12.88) 0.0102

Unknown 1.65 (1.3–2.09) <.0001 1.93 (1.27–2.92) 0.0021 3.25 (1.39–7.59) 0.0065 2.99 (0.97–9.21) 0.0569

Surgery

Less than hemicolectomy 1 1

Hemicolectomy or more 0.71 (0.59–0.86) 0.0004 0.65 (0.44–0.96) 0.0292

Other 1.7 (1.19–2.41) 0.0034 1.95 (0.97–3.96) 0.0628

Chemotherapy

No 1 1 1 1 1

Yes 0.72 (0.61–0.86) 0.0003 0.61 (0.49–0.76) <.0001 0.62 (0.46–0.84) 0.002 1.29 (0.76–2.19) 0.352 1.07 (0.63–1.8) 0.8081
aUnmarried status, including divorced, separated, widowed and unmarried. CI confidence interval; HR hazard ratio; SRCC signet ring cell carcinoma; MAC mucinous
adenocarcinomas; NMAC non-mucinous adenocarcinoma; MiNENs mixed neuroendocrine non-neuroendocrine neoplasms; GCC goblet cell carcinoma; NETs
neuroendocrine tumors; NECs neuroendocrine carcinomas
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