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Abstract

Background Guidelines recommend colectomy for appendiceal carcinoid tumors larger than 2 cm, but physicians debate whether
colectomy would be beneficial in treating smaller tumors. We sought to determine when colectomy confers a survival advantage
over appendectomy.

Methods Appendiceal carcinoid patients in the US Surveillance, Epidemiology, and End Results (SEER) database (1988-2011)
were stratified by age group, gender, TNM stage, tumor grade, and race. Kaplan-Meier and logistic regression analyses relating
grade, stage, and receipt of colectomy to overall and cancer-specific survival were performed.

Results Of 817 patients who underwent surgical extirpation of an appendiceal carcinoid, 338 (41%) had appendectomy alone and
479 (59%) had additional colectomy. Surprisingly, patients who underwent colectomy had worse cancer-specific survival (HR
1.98,95% CI 1.32-2.98, p =0.001) than those who underwent appendectomy, and colectomy did not confer a survival advantage
over appendectomy in any subset analysis including low-grade or high-grade tumors, smaller or larger than 2 c¢cm, or node-
positive, non-metastatic tumors. Even when accounting for stage and grade, colectomy was not associated with significantly
better survival rates. Furthermore, as colectomy frequency has increased over the last decade, the 5-year survival rate has trended
down. The main predictors of cancer-specific mortality in carcinoid patients were high-grade (grades 3—4) and high-stage (node
positive or metastatic) tumors.

Conclusions Survival in patients with carcinoid tumor of the appendix is primarily determined by tumor grade and stage. Our
study found no survival advantage to colectomy over appendectomy in a large cohort of patients with the disease. Further
investigation is necessary prior to recommending change of practice for patients with appendiceal carcinoid tumors.
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Introduction

Carcinoid tumors are the most common tumor of the appen-
dix, accounting for more than half of all appendiceal malig-
nancies and discovered in seven of every 1000 appendectomy
specimens.’ The majority of patients with appendiceal
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carcinoid are asymptomatic, and most tumors are located in
the distal third of the appendix where they are unlikely to
cause obstruction.” Appendiceal carcinoid is typically discov-
ered incidentally in an appendectomy specimen. The decision
must then be made whether or not to return to the operating
room for colectomy for adequate tumor and lymph node re-
section. The optimal surgical management for appendiceal
carcinoid, however, is subject to debate.

Carcinoid tumors are classified histologically based on tu-
mor differentiation and tumor grade.> Most neuroendocrine
tumors fall into four broad histologic categories: well-differ-
entiated, low-grade (G1); well-differentiated, intermediate
grade (G2); poorly differentiated, high grade (G3); and ana-
plastic, high grade (G4). Tumor differentiation and grade often
correlate with the mitotic index and Ki-67 proliferation index.
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Studies have confirmed that increased mitotic rate and high
Ki-67 index, and therefore high grade, are associated with a
more aggressive clinical course and worse prognosis.”

Currently, treatment modalities are largely directed by
TNM staging of the tumor. Current National Comprehensive
Cancer Network (NCCN) guidelines recommend simple ap-
pendectomy for tumors <2 cm (Tla and T1b), but that
colectomy should be offered to those patients with primary
appendiceal carcinoid tumors greater than 2 cm (T2—4). This
was initially borne out of literature suggesting a 30% plus risk
of lymph node metastases at this size cutoff. This was also
supported by recent reviews suggesting that 86% of patients
with tumors > 2 ¢cm have lymph node metastases.>

The majority of appendiceal carcinoid tumors, however,
are <2 cm in size, and there has been debate as to whether
patients with these smaller tumors should have formal
colectomy as well. A long-term series from the Mayo Clinic
suggests that appendectomy is adequate to treat patients with
localized tumors <2 cm as none of 122 patients with
appendiceal carcinoid tumors <2 cm had local recurrence or
metastatic disease; however 80% of the patients in this cohort
had tumors < 1 cm in size (Tla).” Other studies show that
lymph node metastases are present in up to 50% of patients
with 1 to 2 cm appendiceal carcinoid tumors (T1b), suggesting
a more aggressive approach is needed. As such, some studies
recommend colectomy even in patients with tumors measur-
ing <2 cm that are higher grade and have more aggressive
histologic features.®’

The purpose of our study is to compare outcomes of
appendiceal carcinoid tumor patients to see if colectomy con-
fers survival advantage over appendectomy, especially in T1
tumors (smaller than 2 cm). In addition, we determined the
influence of tumor grade, stage, and surgical treatment (ap-
pendectomy versus colectomy) on survival in patients with
carcinoid.

Materials and Methods
Subjects and Databases

The data for this analysis was abstracted from the
Surveillance, Epidemiology, and End Results (SEER) data-
base (1973-2011). This database is a publicly available cancer
registry maintained by the National Cancer Institute that in-
cludes approximately 26% of the US population representing
Connecticut, lowa, rural Georgia, Alaska, New Mexico,
Greater California, Utah, Hawaii, Kentucky, New Jersey,
and Louisiana as well as the metropolitan areas of Detroit,
San Francisco-Oakland, Seattle (Puget Sound), Metropolitan
Atlanta, Los Angeles, and San Jose-Monterey. Records before
1988 were excluded as the SEER registry did not collect de-
tailed lymph node data from 1973 to 1987.
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Inclusion and Exclusion Criteria

We included patients of any age who underwent partial
colectomy or appendectomy for histologically confirmed
appendiceal carcinoid tumor diagnosed between 1988 and
2011. We incorporated patients with a primary tumor site
within the appendix. Patients were included in the analysis if
surgery type was coded as appendectomy alone or partial
colectomy (with or without prior appendectomy). Patients
who received more extensive surgery, namely subtotal/
colectomy, total colectomy, total proctocolectomy, or
colectomy or coloproctectomy with resection of contiguous
organs, were excluded. From henceforth, we will refer to par-
tial colectomy simply as colectomy.

Patients were excluded if the number of nodes examined
was blank. Patients were also excluded if they had a cancer
diagnosis before 1988, as there is inadequate lymph node data
prior to this year. Patients were staged based on American
Joint Committee on Cancer TNM staging guidelines (7th edi-
tion) into Tla, T1b, T2, T3, T4, and advanced node-positive
(N+MO) or metastatic (M+) disease. Node-positive and meta-
static diseases were considered to overrule the T stage, and
these were classified as either N+MO or M+. In a subset anal-
ysis, patients with available T stage were subdivided by T
stage and lymph node status, positive (N+) or negative (NO),
and presence (M+) or absence (M0) of metastases. Patients
who were not able to be staged were excluded from this subset
analysis. Not all patients who had metastatic disease had an
accompanying T stage (27 out of the 94 patients). Similarly,
not all patients who had node-positive disease had an accom-
panying T stage (76 out of the 249 patients).

For further subset analyses, patients were grouped by grade
as low grade (grade 1-2), high grade (grade 3—4), or unknown.
Demographic groupings included age (<50, 50-59, 60-69,
70-79, and 80 years or older), gender, and race (white, black,
other, and unknown).

Statistical Analysis

Logistic regression analysis was used to determine the
likelihood of having a colectomy (versus appendectomy)
based upon age group, gender, TNM stage, tumor grade,
and race. Chi-squared analysis was used to ascertain dif-
ferences in the T stage as related to nodal positivity and
metastases. Overall and cancer-specific survivals were the
primary outcome measures. Univariable Kaplan-Meier
analyses and Cox proportional hazard modeling were used
to evaluate overall and cancer-specific survival in the en-
tire cohort with respect to tumor grade, stage, and surgical
type. Variables that were statistically significant in the
univariate proportional hazards models were included in
a multivariate proportional hazards model. The final pro-
portional hazards model included tumor grade, stage, and
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Table 1 Patient characteristics
and likelihood of undergoing Totals Appendectomy Colectomy OR (95% CI) p value
colectomy by demographic (%) (%) (%)
Age group
<50 348 (43) 158 (45) 190 (55) Reference 1.0
50-59 189 (23) 63 (33) 126 (67) 1.66 (1.15-2.40) 0.007
60-69 154 (19) 66 (43) 88 (57) 1.11 (0.76-1.63) 0.597
70-79 95 (12) 34 (36) 61 (64) 1.49 (0.93-2.39) 0.095
80+ 31 (4) 17 (55) 14 (45) 0.68 (0.33-1.43) 0.315
Gender
Male 392 (48) 148 (38) 244 (62) Reference 1.0
Female 425 (52) 190 (45) 235 (55) 0.75 (0.57-0.99) 0.044
TNM
stage
T1aNOMO 75 (9) 57 (76) 18 (24) Reference 1.0
TIbNOMO 53 (6) 25 (47) 28 (53) 3.55 (1.67-7.55) 0.001
T2NOMO 52 (6) 23 (44) 29 (56) 3.99 (1.86-8.55) < 0.001
T3NOMO 136 (17) 57 (42) 79 (58) 439 (2.34-824)  <0.001
T4ANOMO 158 (19) 76 (48) 82 (52) 342 (1.85-6.32) < 0.001
N+MO0 249 (30) 57 (23) 192 (77) 10.70 <0.001
(5.81-19.60)
M+ 94 (12) 43 (46) 51 (54) 3.76 (1.93-7.32) < 0.001
Grade
1-2 151 (18) 56 (37) 95 (63) Reference 1.0
34 84 (10) 26 (31) 58 (69) 1.31 (0.74-2.32) 0.345
Unknown 582 (71) 256 (44) 326 (56) 0.75 (0.52-1.09) 0.127
Race
White 722 (88) 301 (42) 421 (58) Reference 1.0
Black 70 (9) 25 (36) 45 (64) 1.28 (0.77-2.14) 0.333
Other 18 (2) 7(39) 11 (61) 1.12 (0.43-2.93) 0.812
Unknown 7 (1) 5(71) 2(29) 0.29 (0.06-1.48) 0.136
Totals 817 338 (41) 479 (59)

OR, odds ratio; CI, confidence interval; TNM, tumor, node, and metastasis; N0, node negative; N+, node positive;
MO0, no metastasis; M, metastasis

Italicized p values meet cutoff for significance of 0.05

surgical type. Stratified univariate Kaplan-Meier curves
were also plotted to evaluate the association between

surgery type (appendectomy versus colectomy) and
cancer-specific and overall survival. This association

Table 2 Correlation between T
stage and nodal/metastatic status
(669 patients with T stage

Nodal status

Metastatic status

documented) n NO (%) N+ (%) p value MO (%) M+ (%) p value
T stage
Tla 79 (12) 76 (96) 34) <0.001 77 (97) 23) 0.061
Tlb 66 (10) 55(83) 11 (17) 61 (92) 5(8)
T2 74 (11) 56 (76) 18 (24) 65 (88) 9(12)
T3 184 (28) 143 (78) 41 (22) 168 (91) 16 (9)
T4 266 (40) 166 (62) 100 (38) 231 (87) 35(13)
Totals 669 496 (74) 173 (26) 602 (90) 67 (10)

N0, node negative; N+, node positive; M0, no metastasis; M+, metastasis; »n, sample size

Italicized p values meet cutoff for significance of 0.05
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was evaluated across grade strata (low grade and high
grade), stage strata (T1, T2-T4), lymph node—positive dis-
ease, and metastatic disease. All statistical analysis was
performed using STATA® statistical software version
10.0 (College Station, Texas) and all testing was 2 sided.

Results

We identified 817 patients who underwent surgery for
appendiceal carcinoid tumor from 1988 to 2011. Of these,
338 (41%) had an appendectomy alone and 479 (59%)
underwent additional partial colectomy. Median survival
in the appendectomy group was 64 months (0-287) while
median survival in the partial colectomy group was

48 months (0-285). Table 1 summarizes the demo-
graphics of the cohort. Patients with higher stage disease
were all significantly more likely to undergo colectomy
than patients with T1aNOMO disease. Patients with
T1bNOMO through T4ANOMO and metastatic disease were
3.42 to 4.39 times more likely to get colectomy than pa-
tients with T1aNOMO disease (p<0.001). Patients with
node-positive disease (N+MO) had the highest likelihood
of colectomy and were 10.70 times more likely to have a
colectomy than those with T1aNOMO tumors (95% CI
5.81-19.60, p <0.001). There was no statistically signifi-
cant difference in patients who underwent colectomy by
tumor grade or race. Females were significantly less likely
to get colectomy than males (0.75, 95% CI 0.57-0.99, p =
0.044) and patients aged 50-59 were significantly more

Table 3 Univariable determining

effects of tumor grade, stage, and n Overall survival HR ~ p value  Cancer-specific p value
surgical type on overall and (95% CT) survival HR
cancer-specific survival (95% CI)
Surgical type
Appendectomy 338  Reference 1.0 Reference 1.0
Colectomy 479 1.07 (0.83-1.38) 0.588  1.98(1.32-2.98) 0.001
Grade
1-2 151  Reference 1.0 Reference 1.0
34 84 475 (2.82-8.01) <0.001  12.0 (5.01-28.6) <0.001
Unknown 582 1.20 (0.76-1.90) 0424  1.89 (0.82-4.35) 0.134
Stage
TINOMO 128  Reference 1.0 Reference 1.0
T2NOMO 52 2.07 (1.05-4.11) 0.035  2.96 (0.83-10.5) 0.093
T3NOMO 136  1.49 (0.81-2.75) 0.204  2.47(0.82-7.39) 0.107
T4NOMO 158 1.59 (0.99-2.56) 0.053  1.54(0.56-4.24) 0.403
N+/M+ 343 4.83 (3.18-7.32) <0.001 12.5(5.44-28.74) <0.001

CI, confidence interval; N0, node negative; N+, node positive; M0, no metastasis; M, metastasis

Italicized p values meet cutoff for significance of 0.05
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likely to get colectomy than patients less than 50 years
old (1.66, 95% CI 1.15-2.40, p=10.007).

There were 669 patients in whom data on T size, nodal, and
metastatic status were all known (Table 2). As expected, in-
creasing T stage was significantly correlated with nodal posi-
tivity (p <0.001) and marginally correlated with metastasis
(0.061). Out of patients with Tla tumors, 4% had positive
lymph nodes and 3% had distant metastases, which increased
to 38% positive lymph nodes and 13% metastatic disease in
patients with T4 tumors.

Although there was no significant difference in overall sur-
vival of patients by surgical type (Fig. la), patients who
underwent colectomy were 1.98 times more likely to die of
carcinoid than those who had an appendectomy alone (95%
CI 1.32-2.98, p=0.001) (Fig. 1b). While surprising, this re-
sult could be due to a selection bias of patients with more
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severe disease being more likely to receive colectomy.
Therefore, we went on to analyze survival by surgical type
in subsets grouped by grade or stage.

In univariable analysis, tumor grade was highly predictive
of survival in appendiceal carcinoid (Table 3, Fig. 2a, b).
Patients with high grade (grades 3—4) disease were 4.75 times
(95% CI 2.82-8.01, p < 0.001) more likely to die overall and
12.00 times (95% CI 5.01-28.60, p < 0.001) more likely to die
of carcinoid than patients with low-grade (grade 1-2) disease.
However, there was no significant cancer-specific survival
advantage to colectomy in subset analyses of patients with
low-grade tumors or high-grade tumors (Fig. 2c, d).

Stage was similarly an important driver of survival in
univariable analysis in appendiceal carcinoid (Table 3,
Fig. 3a, b). Patients with T2-T4NOMO stage disease tended
to have worse survival than TINOMO, but did not always
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Fig. 2 a Overall and b cancer-specific survival in patients with appendiceal carcinoid tumor by grade. Cancer-specific survival in appendectomy versus
colectomy in patients grouped by grade. ¢ Low grade (1-2). d High grade (3-4)
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Table 4 Multivariable

determining effects of tumor (n=2817) Overall survival (95% CI)  p value Cancer-specific survival HR (95% CI)  p value

grade, stage, and surgical type on

overall and cancer_speciﬁc Surglcal type 0.82 (0.63-1.06) 0.133 1.36 (0.90-2.06) 0.142

survival Grade 0.92 (0.77-1.10) 0371  0.93(0.72-1.20) 0.599
Stage 1.52 (1.36-1.69) <0.001  2.07(1.67-2.57) <0.001

CI, confidence interval, N0, node negative, N+, node positive, M0, no metastasis, M+, metastasis

Italicized p values meet cutoff for significance of 0.05

reach significance. Patients with advanced disease that was
node positive or metastatic had significantly worse survival
than patients with TINOMO disease, and were 4.83 times
(95% CI 3.18-7.32, p < 0.001) more likely to die overall and
12.5 times (95% CI1 5.44-28.74, p < 0.001) more likely to die
of carcinoid than patients with TINOMO disease. Again, sub-
set analysis, this time by stage (TINOMO, T2-T4NOMO, N+
MO, and M+), did not show a significant cancer-specific sur-
vival advantage to colectomy (Fig. 3c—f). In fact, even though
it did not reach statistical significance, patients with node-
positive, non-metastatic disease who underwent colectomy
were 2.28 times more likely to die of carcinoid than those
who underwent appendectomy alone (95% CI 0.90-5.77,
p=0.081) (Fig. 3e). Thus, in the group of patients with
appendiceal carcinoid most thought to benefit from
colectomy, those with node-positive, non-metastatic disease,
no survival benefit was seen in patients who underwent
colectomy.

On multivariable analysis, only tumor stage was signifi-
cantly associated with survival, with a 1.52 times higher like-
lihood of death overall (95% CI 1.36-1.69, p<0.001) and
2.07 times higher cancer-specific death rate (95% CI 1.67—
2.57, p<0.001) for each increase in stage (Table 4). Surgical
type was not associated with significantly better or worse sur-
vival rates when accounting for tumor stage and grade.

The percentage of patients with appendiceal carcinoid re-
ceiving colectomy has been trending up, particularly in the last
10-15 years (Fig. 4a). Over the same time period, survival
among patients with appendiceal carcinoid appears to be get-
ting worse, with 5-year survival trending down (Fig. 4b).

Discussion

We sought to determine under what circumstances colectomy
conferred a survival advantage to patients with appendiceal
carcinoid. Since colectomy is currently recommended in pa-
tients with T2 or higher stage appendiceal carcinoid tumors,
our initial goal was to determine whether colectomy also con-
ferred a survival advantage to patients with T1 appendiceal
carcinoid tumors less than 2 cm in diameter. However, as our
analysis progressed, we began to question the assumption that
colectomy improves survival in patients with T2 or higher

stage tumors, and analyzed survival by surgical type in subsets
of patients throughout all grades and stages.

We found that the majority of patients with appendiceal
carcinoid (59%) did have a colectomy, and colectomy was
performed more commonly in patients with tumors of higher
TNM stage. We also confirmed that patients with higher T
stage tumors were more likely to harbor nodal or distant me-
tastases. Even in patients with the lowest T stage tumors (T1a),
there was a possibility of simultaneous nodal (4%) and/or
distant metastases (3%). In those patients with higher T stage
tumors (T2-T4), there was an up to 38% chance of
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Fig. 4 a Percentage of patients with appendiceal carcinoid undergoing
partial colectomy by year of diagnosis. b Percentage of patients surviving
5 years by year of diagnosis
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simultaneous nodal metastases and 13% chance of distant me-
tastases. These results confirm the findings of previous studies
which suggest that higher stage tumors carry a higher inci-
dence of positive lymph nodes and distant metastases; al-
though in our study the numbers are lower than previously
reported.”’

We found that tumor grade was a significant predictor
of survival, in those with high-grade tumors (3—4) being
4.8 times more likely to die overall and 12 times more
likely to die of carcinoid than those with low-grade (1-2)
tumors irrespective of surgical approach (appendectomy
versus colectomy). This agrees with previous findings,
but our numbers for cancer-specific survival rates in all
patients with high-grade carcinoid (grades 3—4) were low-
er than previously reported survival rates.' Similarly,
those with nodal or metastatic disease were 4.8 times
more likely to die overall and 12.5 times more likely to
die of carcinoid than those with low stage (T1) node-neg-
ative, non-metastatic tumors. These results confirm what
previous publications have shown, that patients with nod-
al and/or distant metastases have a worse outcome.™’

Most importantly, those who underwent colectomy had
significantly worse cancer-specific survival than those
that underwent appendectomy alone. This may be due to
the fact that patients receiving colectomy tend to have
higher stage tumors. However, in further analysis of sur-
vival by surgical type within patients grouped by stage or
grade, we found that in all comparisons, including low-
grade versus high-grade and low-stage versus high-stage
patients, there was no survival advantage to patients who
underwent colectomy versus appendectomy alone. In fact,
for patients with node-positive disease, there was a trend
toward worse cancer-specific survival in those who had a
colectomy. Furthermore, as the frequency of colectomy
has trended up in the last decade, the 5-year survival for
patients with appendiceal carcinoid is trending down. In a
subset analysis of patients with small primary tumors
(T1), colectomy showed no survival advantage even in
patients with positive nodes. Our findings agree with
Nussbaum et al. that showed colectomy does not confer
survival advantage in small (<2 cm) Tl1 tumors,' and
along with other studies brings into question whether
there is a survival advantage for colectomy even in pa-
tients with high-stage tumors >2 cm.'*!!

Regardless of surgical approach, patients with low-
grade tumors had a higher survival while those with
high-grade tumors had lower survival. Similarly, analysis
by stage shows that patients with higher stage disease
have worse survival than patients with lower stage dis-
ease, and survival by stage was not significantly influ-
enced by surgical type. According to our data, the grade
of the tumor and the extent of disease should be consid-
ered in the management of appendiceal carcinoid to
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decide the type of surgery that would benefit the patient.
Our findings agree with other studies that suggest patients
with T1 tumors would not benefit from colectomy, even
with positive nodes, and also brings into question the
benefit of colectomy for higher stage tumors.'” "

This study had several important limitations. While this
is a large sample size for appendiceal carcinoma (a rare
tumor), there were less than 1000 patients in the
analysis—making statistical comparisons difficult, partic-
ularly among subset analysis. The SEER database does
not contain information on receipt or duration of chemo-
therapy, which may play a role in survival in patients with
advanced carcinoid tumors. Also, TNM staging was in-
complete for 18% (148/817) of patients included in the
study. The data were also retrospectively collected and
analyzed, and there may have been significant selection
bias as to who underwent colectomy and the reasons for
this. Finally, as with any large dataset, there is the possi-
bility of miscoding or errant entry; however, these entries
should not be biased and should balance out over the
entire cohort studied.

Appendiceal carcinoid is a rare tumor, thus performing
prospective studies to conclusively determine the optimal sur-
gical approach is difficult. Large database studies that lack
specific information on each case must be taken in the context
of smaller studies that include more demographics and data
elements. Current literature has conflicting conclusions about
the benefit of colectomy. Further prospective studies are re-
quired to examine whether colectomy confers benefit in pa-
tients with appendiceal carcinoid tumors.

Conclusion

Survival in patients with carcinoid tumor of the appendix is
primarily determined by tumor grade and stage. Our study
found no survival advantage to colectomy over appendectomy
in a large cohort of patients with the disease. Further investi-
gation is necessary prior to recommending change of practice
for patients with this disease.
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