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BACKGROUND: Surgical management of appendiceal carcinoid tumors is heavily debated, despite National
Comprehensive Cancer Network guidelines recommending aggressive resection of tumors
>2 cm. We investigated national practice patterns and the predictors and impact of guideline
non-adherence.

STUDY DESIGN: The National Cancer Database was queried for cases of appendiceal carcinoids diagnosed
from 2004 to 2015 treated with either appendectomy or hemicolectomy. Multivariable logis-
tic regression, adjusted for demographic and clinical factors, identified associations with the
procedure type among patients stratified by tumor size �2 cm and >2 cm. Cox Proportional
Hazards then identified associations with overall survival among stratified patient groups.

RESULTS: Of 3,198 cases of appendiceal carcinoids, 1,893 appendectomies and 1,305 hemicolectomies
were identified. Contrary to National Comprehensive Cancer Network guidelines, 32.4% of
tumors �2 cm were treated with hemicolectomy and 31.3% of tumors >2 cm were treated
with definitive appendectomy. Hemicolectomy for small tumors was associated with age 65
years and older (odds ratio [OR] 2.4; 95% CI 1.7 to 3.3; reference group age 18 to 39 years),
history of malignancy (OR 2.0; 95% CI 1.6 to 2.6), tumor size 1.1 to 2 cm (OR 2.8; 95% CI
2.3 to 3.4; reference group size �1 cm), and lymphovascular invasion (OR 2.2; 95% CI 1.6
to 3.2); appendectomy for large tumors was associated with age 65 years and older only (OR
2.2; 95% CI 1.1 to 4.2). Procedure type was not associated with survival for small or large
tumors (hazard ratio 1.0; 95% CI 0.7 to 1.4 and hazard ratio 1.1; 95% CI 0.6 to 2.0,
respectively).

CONCLUSIONS: Despite well-known size-based treatment guidelines for appendiceal carcinoids, one-third of
patients in the US undergo hemicolectomy for small tumors and appendectomy for large
tumors. Guideline non-adherence, however, is not associated with overall survival. Reasons
for these practice patterns should be explored, and guidelines revisited. (J Am Coll Surg
2019;228:839e851. � 2019 by the American College of Surgeons. Published by Elsevier
Inc. All rights reserved.)
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Abbreviations and Acronyms

HR ¼ hazard ratio
NCDB ¼ National Cancer Data Base
OR ¼ odds ratio
OS ¼ overall survival
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Carcinoids, a histologic subset of the rare neuroendocrine
tumors, are the most common tumor of the appendix.
Unlike mixed-type goblet cell or adenocarcinoids, pure
appendiceal carcinoids portend a highly favorable prog-
nosis, with 5-year survival approximating 90%.1,2 Such
prolonged survival depends on treatment by adequate sur-
gical resectionda topic of surprising literature debate.
Choice of resection procedure for appendiceal carci-

noids has long been dictated by tumor size, an established
prognostic determinant. In the 1987 landmark study by
Moertel and colleagues,3 after more than 25 years
follow-up, only tumors >2 cm were associated with
distant metastases. Numerous studies thereafter demon-
strated association of size >2 cm with lymph node metas-
tases and reduced survival.4-9 Naturally, these data were
incorporated into clinical practice guidelines developed
by the National Comprehensive Cancer Network10 and
the North American Neuroendocrine Tumor Society,11

which recommended simple appendectomy for small tu-
mors (�2 cm) and more aggressive right hemicolectomy
for large tumors (>2 cm; or positive margins after appen-
dectomy) (Fig. 1). They also recommended judicious
consideration of hemicolectomy for intermediate-sized tu-
mors (1.1 to 2 cm) with aggressive features like lympho-
vascular and mesoappendiceal invasion,2,10-12 which have
also been associated with lymph node metastases.5-7

Despite the existence of size-based surgical treatment
guidelines since the year 2000,13,14 choice of resection pro-
cedure for appendiceal carcinoids remains controversial.
Several studies suggest that lymph node metastasis,
although associated with intermediate and large tumors,
might not impact survival.6,9 Studies that demonstrate
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Figure 1. Depiction of the 2018 National Compr
guidelines for appendiceal carcinoid tumors.
survival difference between patients with small and large
tumors have failed to show an advantage of one procedure
over another.8,15,16 Some institutions challenge the neces-
sity of the more morbid hemicolectomy, even for tumors
>2 cm.
The aim of this study was to describe the reality of sur-

gical treatment practices for appendiceal carcinoid in the
US; that is, the degree to which established treatment
guidelines are being followed. A secondary objective was
to investigate whether resection procedure choice is asso-
ciated with overall survival using currently available na-
tional data. We hypothesized that, given conflicting
opinions and questionable survival benefit, there was a
significant proportion of patients with small and/or large
tumors being treated with a non-recommended surgical
procedure. We also hypothesized that patient and disease
characteristics unrelated to size, such as baseline health
status and tumor aggressiveness, were associated with
procedure choice.
METHODS

Data selection

Data for this study were drawn from the National Cancer
Data Base (NCDB), a joint project of the American Col-
lege of Surgeons Commission on Cancer and the Amer-
ican Cancer Society. This pooled data source captures
approximately 70% of incident cancers in the US, and
is highly advantageous for studying practice patterns in
rare cancers like appendiceal carcinoid. The American
College of Surgeons and Commission on Cancer are
not responsible for the analytic methodologies used in
this study or the conclusions drawn by the investigators.
For the years 2004 to 2015, cases of appendiceal carci-

noid tumors were identified using the 2015 “colon”
Participant User File (downloaded November 17,
2017). Histologies reflecting pure carcinoid tumors
without adenomatous or sarcomatous features were
selected, consistent with earlier studies.5,8,9,15
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Figure 2. Process of identifying cases of appendiceal carcinoid tumor treated with appendec-
tomy or hemicolectomy, as recorded in the National Cancer Data Base from 2004 to 2015.
GIST, gastrointestinal stromal tumor.
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of Diseases for Oncology, 3rd Edition17 included: 8240 ¼
carcinoid, 8241 ¼ enterochromaffin cell carcinoid,
8242 ¼ enterochromaffin-like cell carcinoid, 8246 ¼
neuroendocrine carcinoma, and 8249 ¼ neuroendocrine
tumor. Finally, patients treated with appendectomy or
formal right hemicolectomy were selected for study. In
the context of appendiceal tumors, these procedures
have been correlated previously with the Facility
Oncology Registry Data Standards codes 30 to 32 for
segmental resection (denoting appendectomy, cecectomy,
and ileocecectomy) and codes 40 to 41 for hemicolectomy
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(denoting right and extended right hemicolectomy with
oncologic lymphadenectomy).5,8,15 Of note, the NCDB
does not specify which patients underwent segmental
resection as the first procedure followed by completion
right hemicolectomy as the definitive procedure, so this
statistic could not be reported.

Practice pattern analysis

The primary objective was to investigate surgical concor-
dance with size-based treatment guidelines. Patients were
stratified by tumor size �2 cm vs >2 cm, and the
B
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Figure 3. Procedure type by diagnosis year, %.
Annual proportions of treatment type for patients
with appendiceal carcinoid tumors from 2004 to
2015, with absolute number of patients per year
labeled on bars. (A) All patients; (B) patients with
tumors �2 cm; and (C) patients with tumors >2
cm.



Table 1. Univariable Analysis Showing Demographic and Clinical Characteristics of Patients Treated with Appendectomy vs
Hemicolectomy for Small Tumors �2 cm (n ¼ 2,403)

Characteristic

Appendectomy Hemicolectomy

p Valuen % n %

Total 1,625 67.6 778 32.4 d

Sex 0.99

Male 629 67.6 301 32.4

Female 996 67.6 477 32.4

Age group <0.01

18e39 y 726 77.4 212 22.6

40e64 y 668 65.9 346 34.1

�65 y 231 51.2 220 48.8

Race 0.11

White 1,413 67.2 689 32.8

Black 129 66.8 64 33.2

Other 36 76.6 11 23.4

Urbanicity 0.08

Metropolitan 1,437 68.5 660 31.5

Urban/rural 166 62.9 98 37.1

Missing 22 61.1 14 38.9

Median income quartile 0.58

<$38,000 228 65.7 119 34.3

$38,000e$47,999 298 65.9 154 34.1

$48,000e$62,999 453 68.3 210 31.7

�$63,000 645 68.8 292 31.2

Missing 1 25.0 3 75.0

No high school degree 0.18

�21% 232 66.5 117 33.5

13.0e20.9% 345 66.9 171 33.1

7.0e12.9% 554 66.0 285 34.0

<7.0% 494 70.9 203 29.1

Missing 2 100.0

Insurance <0.01

None 95 76.0 30 24.0

Private 1,089 71.4 436 28.6

Medicare/Medicaid/government 414 58.3 296 41.7

Unknown 27 62.8 16 37.2

Charlson/Deyo score <0.01

0 1,427 69.3 632 30.7

�1 198 57.6 146 42.4

Prior malignancy <0.01

No 1,382 72.1 535 27.9

Yes 243 50.0 243 50.0

Year of diagnosis <0.01

2004e2009 167 51.1 160 48.9

2010e2015 1,458 70.2 618 29.8

Histology 0.11

Carcinoid/enterochromaffin cell 1,248 68.8 573 31.6

Neuroendocrine carcinoma 342 64.8 186 35.2

(Continued)
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Table 1. Continued

Characteristic

Appendectomy Hemicolectomy

p Valuen % n %

Tumor size <0.01

2.1e3 cm 1,218 74.7 412 25.3

�3.1 cm 407 52.7 366 47.3

Tumor grade 0.43

Low 1,119 70.0 480 30.0

Intermediate/high 114 67.1 56 32.9

Unknown 392 61.8 242 38.2

Lymphovascular invasion <0.01

No 1,124 73.0 416 27.0

Yes 79 48.5 84 51.5

Unknown or missing 421 60.4 276 39.6
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frequency of appendectomy vs hemicolectomy was calcu-
lated for each group. Tumor size was missing in 5.6% of
the cohort; these patients were excluded from additional
analysis.
In univariable analyses, demographic and clinical char-

acteristics were compared between patients treated with
appendectomy vs hemicolectomy for each tumor size
group. Variables analyzed included sex, age, race, insur-
ance, urbanicity, median income quartile, education level,
Charlson/Deyo score, history of malignancy, year of diag-
nosis, histology, tumor size, tumor grade, and lymphovas-
cular invasion. History of malignancy, extracted from the
cancer “sequence number” field in the NCDB, was
analyzed as a separate covariate from comorbidity score
to capture the potential confounding effect of previous
cancer on treatment or survival (eg patients with right co-
lon cancer treated with hemicolectomy who were inciden-
tally diagnosed with appendiceal carcinoid on pathologic
review).18

Facility location, cancer-center type, and tumor loca-
tion within the appendix were excluded from analysis
due to >40% missing data. Two variablesdtumor grade
and lymphovascular invasiondwere noted to have up to
26% and 35% unknown and/or missing data across the
patient strata, respectively. Because grade and lymphovas-
cular invasion are important markers of tumor aggressive-
ness that can drive surgical treatment choice, we used
multiple imputations (PROC MI and PROC MIANA-
LYZE, SAS, version 9.4, SAS Institute) to generate
unknown and/or missing data, as has been previously pro-
posed.19 We further verified these results by performing
sensitivity analyses, treating missing data as unique cova-
riates within the grade and lymphovascular invasion cate-
gories. Results were consistent with those from the
imputations.
Categorical characteristics of patients treated with
appendectomy vs hemicolectomy were summarized and
then compared using chi-square statistical tests. A
2-sided p-value <0.05 was considered statistically
significant.
Variables were then entered into a backward stepwise

logistic regression to assess their associations with treat-
ment procedure for small and large tumors, respectively.
Those with p < 0.20 remained in the final multivariable
models, which ultimately included all variables from uni-
variable analyses. Two logistic regression models were
used: one that identified factors associated with hemico-
lectomy among patients with small tumors (�2 cm),
and another that identified factors associated with appen-
dectomy among patients with large tumors (>2 cm).
Odds ratios (OR) with a 95% CI that did not include
1.0 were considered statistically significant.

Survival analysis

After calculating the frequency of non-recommended pro-
cedures in the management of appendiceal carcinoids, we
explored the impact of guideline non-adherence on sur-
vival. Using the Kaplan-Meier method, we first calculated
unadjusted overall survival (OS) for the entire cohort,
comparing patients with small vs large tumor size. This
was replicated for small tumors (�2 cm), intermediate tu-
mors (1.1 to 2 cm), and large tumors (>2 cm), stratifying
by appendectomy vs hemicolectomy to assess survival dif-
ferences between the treatment arms and controlling for
tumor size. The log-rank test with p value set at <0.05
was used to demonstrate a significant survival difference.
Cox proportional hazards models were then used to

evaluate associations of demographic and disease factors
with OS after adjusting for age, race, insurance, urbanic-
ity, median income quartile, education level, Charlson/



Table 2. Univariable Analysis Showing Demographic/Clinical Characteristics of Patients Treated with Appendectomy vs
Hemicolectomy for Large Tumors >2 cm (n ¼ 617)

Characteristic

Appendectomy Hemicolectomy

p Valuen % n %

Total 193 31.3 424 68.7 d

Sex 0.90

Male 72 31.6 156 68.4

Female 121 31.1 268 68.9

Age group 0.49

18e39 y 65 30.0 152 70.0

40e64 y 88 30.4 201 69.6

�65 y 40 36.0 71 64.0

Race 0.73

White 162 31.0 360 69.0

Black 27 34.2 52 65.8

Other 3 42.9 4 57.1

Urbanicity 0.02

Metropolitan 176 33.0 357 67.0

Urban/rural 17 20.2 67 79.8

Missing 5 35.7 9 64.3

Median income quartile 0.97

<$38,000 26 32.9 53 67.1

$38,000e$47,999 38 30.9 85 69.1

$48,000e$62,999 56 31.8 120 68.2

�$63,000 71 30.3 163 69.7

Missing 2 40.0 3 60.0

No high school degree 0.64

�21% 27 36.0 48 64.0

13.0e20.9% 43 29.3 104 70.7

7.0e12.9% 68 32.9 139 67.1

<7.0% 54 29.2 131 70.8

Missing 1 33.3 2 66.7

Insurance 0.87

None 12 35.3 22 64.7

Private 121 31.1 268 68.9

Medicare/Medicaid/government 56 30.8 126 69.2

Unknown 4 33.3 18 66.7

Charlson/Deyo score 0.13

0 169 32.5 351 67.5

�1 24 24.7 73 75.3

Prior malignancy 0.87

No 161 31.1 356 68.9

Yes 32 32.0 68 68.0

Year of diagnosis 0.99

2004e2009 41 29.5 98 70.5

2010e2015 152 31.8 326 68.2

Histology 0.26

Carcinoid/enterochromaffin cell 121 32.8 254 67.2

Neuroendocrine carcinoma 62 28.4 156 71.6

(Continued)
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Table 2. Continued

Characteristic

Appendectomy Hemicolectomy

p Valuen % n %

Tumor size 0.03

2.1e3 cm 119 34.9 222 65.1

�3.1 cm 74 26.8 202 73.2

Tumor grade 0.10

Low 114 32.5 237 67.5

Intermediate/high 26 24.1 82 75.9

Unknown 53 33.5 105 66.5

Lymphovascular invasion 0.05

No 87 35.5 158 64.5

Yes 41 26.3 115 73.7

Unknown or missing 65 30.1 151 69.9
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Deyo score, history of malignancy, year of diagnosis, his-
tology, tumor size, tumor grade, lymphovascular invasion,
and procedure type. Hazard ratios (HRs) with 95% CI
that excluded 1.0 were considered to be significantly asso-
ciated with OS.
RESULTS

Cohort characteristics

Of 25,713 appendiceal tumors in the NCDB diagnosed
between 2004 and 2015, 4,996 (19.4%) were pure carci-
noids. A majority of surgically managed cases (37.8%)
were treated with appendectomy, and a minority
(26.1%) were treated more aggressively with hemicolec-
tomy. The remainder of patients were treated with alter-
native therapies that were either unknown or coded as
endoscopic removal or total colectomy, and they were
excluded. The preliminary cohort of 3,198 patients was
composed of 1,893 (59.2%) treated with appendectomy
and 1,305 (40.8%) treated with hemicolectomy (Fig. 2).
Of this cohort, 1,968 (61.5%) were female, 2,779

(86.9%) were white, mean age was 47 years (SD 17.7),
and 2,728 (85.3%) had no medical comorbidities. The
majority of tumors with known histopathologic features
were low grade (86.9%) and lacked lymphovascular inva-
sion (84.7%). Three-thousand and twenty patients
(94.4%) had known tumor size, roughly 80% of which
measured �2 cm in largest diameter and 20% measured
>2 cm; these patients made up the final analytic cohort.
During the first half of the study period from 2004 to

2009, the proportion of appendectomies represented
roughly 45.0% of operations/year, ultimately growing to
represent 69.0% of operations by 2015. The surge in ap-
pendectomy rate was largely seen among patients with
small tumors (�2 cm); among patients with large tumors
(>2 cm), the proportions of appendectomy and hemico-
lectomy remained constant on average over time (Fig. 3).

Demographic and clinical associations with
procedure type

After stratifying patients by tumor size, demographic and
clinical characteristics were compared between the 2 treat-
ment arms. Analysis of small tumors (�2 cm) revealed
that nearly one-third of patients had been treated with
non-recommended hemicolectomy. Hemicolectomy was
more prevalent during the first half of the study period
and among older patients with medical comorbidities,
history of cancer, government-provided health insurance,
and tumors with intermediate size (1.1 to 2 cm) and lym-
phovascular invasion (Table 1).
Analysis of large tumors (>2 cm) revealed that a simi-

larly high proportion of patients, nearly one-third, had
been treated with non-recommended appendectomy.
Several inverse associations were seen. Appendectomy
rates were higher in healthy patients without comorbid-
ities whose tumors were low grade and lacking lympho-
vascular invasion, although these variables did not reach
statistical significance. Appendectomy was significantly
associated with smaller tumors (2.1 to 3 cm) and metro-
politan vs urban/rural setting (Table 2).
In multivariable analyses, many of the characteristics

mentioned remained associated with non-recommended
hemicolectomy in patients with small tumors and with
non-recommended appendectomy in patients with large
tumors. Among patients with small tumors (�2 cm),
the variable with the strongest association with hemicolec-
tomy was intermediate tumor size (1.1 to 2 cm) (OR 2.8;
95% CI 2.3 to 3.4; reference group size �1 cm), followed
by age older than 65 years (OR 2.3; 95% CI 1.7 to 3.2;
reference group age 18 to 39 years), earlier year of



Table 3. Multivariable Analysis Showing Strength of Association between the Non-Recommended Treatment Procedure and
Demographic/Clinical Characteristics of Patients with Small Tumors �2 cm and Large Tumors >2 cm, Respectively

Characteristic

Hemicolectomy: tumor �2 cm Appendectomy: tumor >2 cm

OR 95% CI OR 95% CI

Sex

Male ref ref ref ref

Female 1.0 0.8e1.2 1.0 0.7e1.4

Age group

18e39 y ref ref ref ref

40e64 y 1.6 1.3e2.0 1.2 0.8e1.9

�65 y 2.3 1.7e3.2 2.3 1.2e4.4

Race

White ref ref ref ref

Black 0.9 0.7e1.3 1.2 0.7e2.0

Other 0.7 0.4e1.1 0.7 0.2e2.3

Urbanicity

Metropolitan ref ref ref ref

Urban/rural 1.2 0.9e1.6 0.5 0.3e0.9

Median income quartile

<$38,000 ref ref ref ref

$38,000e$47,999 1.0 0.7e1.4 1.0 0.5e2.0

$48,000e$62,999 1.0 0.7e1.4 0.9 0.5e1.8

�$63,000 1.1 0.7e1.6 0.8 0.4e1.7

No high school degree

�21% ref ref ref ref

13.0e20.9% 0.9 0.7e1.3 0.7 0.4e1.3

7.0e12.9% 0.9 0.7e1.3 0.8 0.4e1.6

<7.0% 0.7 0.5e1.1 0.7 0.3e1.5

Insurance

None ref ref ref ref

Private 1.0 0.7e1.5 0.9 0.4e1.7

Medicare/Medicaid/government 1.3 0.8e2.0 0.7 0.3e1.5

Charlson/Deyo score

0 ref ref ref ref

�1 1.3 1.0e1.6 0.6 0.4e1.0

Prior malignancy

No ref ref ref ref

Yes 2.0 1.6e2.6 1.0 0.6e1.6

Year of diagnosis

2004e2009 ref ref ref ref

2010e2015 0.5 0.4e0.7 1.1 0.6e2.1

Histology

Carcinoid/enterochromaffin cell ref ref ref ref

Neuroendocrine carcinoma 1.1 0.9e1.4 0.9 0.6e1.3

Tumor size

�1 cm ref ref d d

1.1e2 cm 2.8 2.3e3.4 d d

2.1e3 cm d d ref ref

�3.1 cm d d 0.7 0.5e1.0

(Continued)
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Table 3. Continued

Characteristic

Hemicolectomy: tumor �2 cm Appendectomy: tumor >2 cm

OR 95% CI OR 95% CI

Tumor grade

Low ref ref ref ref

Intermediate/high 1.0 0.7e1.3 0.8 0.5e1.3

Lymphovascular invasion

No ref ref 1.4 1.0e2.0

Yes 1.6 1.1e2.3 ref ref

OR, odds ratio.
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diagnosis from 2004 to 2009 (OR 0.5 for years 2010 to
2015; 95% CI 0.4 to 0.7), history of malignancy (OR
2.0; 95% CI 1.6 to 2.6), and presence of lymphovascular
invasion (OR 1.6; 95% CI 1.1 to 2.3). For patients with
large tumors (>2 cm), predictors of non-recommended
appendectomy were age older than 65 years (OR 2.3;
95% CI 1.2 to 4.4), metropolitan setting (OR 0.5 for ur-
ban/rural setting; 95% CI 0.3 to 0.9), absence of
Table 4. Cox Proportional Hazards Models Showing Adjusted
Survival of Patients with Appendiceal Carcinoid Tumors

Characteristic All tumors �
Age

18e39 y ref

40e64 y 6.4 (3.2e12.9) 5.8

�65 y 12.0 (5.6e25.7) 10.4

Charlson/Deyo Score

0 ref

�1 1.9 (1.4e2.6) 1.9

Earlier malignancy

No ref

Yes 1.9 (1.4e2.6) 2.5

Surgical treatment

Appendectomy ref

Hemicolectomy 1.0 (0.8e1.4) 1.0

Histology

Carcinoid ref

Carcinoma 1.7 (1.2e2.4) 1.6

Tumor size

�2 cm ref

>2 cm 1.2 (0.9e1.7)

Tumor grade

Low ref

Intermediate/high 2.0 (1.4e2.9) 1.3

Lymphovascular invasion

No 1.1 (0.6e1.6) 1.3

Yes ref

Values are hazard ratio (95% CI). Only variables that reached statistical signific
HR, hazards ratio; NA, not applicable.
lymphovascular invasion (OR 1.4; 95% CI 1.0 to 2.0),
and tumor size 2.1 to 3 cm (OR 0.7 for size �3.1 cm;
95% CI 0.5 to 1.0) (Table 3).

Impact of procedure type on survival

Comparison of Kaplan-Meier curves revealed a significant
difference in overall survival between patients with small
and large tumors (log-rank ¼ 0.02). At 10 years of
Effects of Demographic and Clinical Characteristics on the

Tumor size

2 cm 1.1e2 cm >2 cm

ref ref ref

(2.4e13.7) 5.9 (1.3e26.8) 5.4 (1.6e18.3)

(4.0e26.8) 17.8 (3.2e97.8) 8.3 (2.2e31.9)

ref ref ref

(1.3e2.9) 2.9 (1.4e6.0) 2.4 (1.2e4.5)

ref ref ref

(1.7e3.7) 3.4 (1.7e6.8) 1.3 (0.7e2.4)

ref ref ref

(0.7e1.4) 1.1 (0.6e2.2) 1.3 (0.7e2.3)

ref ref ref

(1.1e2.4) 2.0 (1.0e3.9) 1.9 (1.0e3.8)

NA NA NA

NA NA NA

ref ref ref

(0.7e2.3) 1.3 (0.5e3.2) 3.3 (1.7e6.1)

(0.6e2.0) 1.1 (0.4e3.3) 0.6 (0.2e1.7)

ref ref ref

ance in unadjusted analyses are shown.
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follow-up, 84% of patients with small tumors were alive
vs 77% of patients with large tumors (p ¼ 0.01). In the
Cox regression models, neither large tumor size (HR
1.2; 95% CI 0.9 to 1.7) nor treatment type (HR 1.0;
95% CI 0.8 to 1.4) had a significant impact on survival
for the cohort. Instead, patient factors, including age older
than 65 years (HR 12.0; 95% CI 5.6 to 25.7), history of
malignancy (HR 1.9; 95% CI 1.4 to 2.6), and medical
comorbidities (HR 1.9; 95% CI 1.4 to 2.6) were the pre-
dominant predictors. Disease characteristics, including in-
termediate/high tumor grade (HR 2.0; 95% CI 1.4 to
2.9) and carcinomatous histology (HR 1.7; 95% CI 1.2
to 2.4) were also significantly associated (Table 4, Fig. 4).
Among patients with small tumors (�2 cm), 10-year

OS was 88% for those treated with appendectomy and
84% for those treated with hemicolectomy (p < 0.01;
log-rank < 0.01). Procedure type did not impact survival
(HR 1.0; 95% CI 0.7 to 1.4). Variables that were predic-
tive resembled those identified on the total cohort anal-
ysis, including age 65 years or older (HR 10.4; 95% CI
4.0 to 26.8), history of malignancy (HR 2.5; 95% CI
1.7 to 3.7), concomitant comorbidities (HR 1.9; 95%
CI 1.3 to 2.9), and carcinomatous histology (HR 1.6;
95% CI 1.1 to 2.4) (Table 4, Fig. 4). When restricting
the small tumor group to tumors measuring 1.1 to 2
cm, 10-year OS remained similar between patients treated
with appendectomy and hemicolectomy (87% vs 89%;
p ¼ 0.32; log-rank ¼ 0.63), and procedure type did
not impact survival (HR 1.1; 95% CI 0.6 to 2.2)
(Table 4, Fig. 4).
Among patients with large tumors (>2 cm), 10-year

OS was 70% for those treated with appendectomy and
81% for those treated with hemicolectomy (p ¼ 0.75).
Despite this disparity, the log-rank test was not statisti-
cally significant (p ¼ 0.90). Multivariable analysis again
failed to show an impact of procedure type on survival
(HR 1.3; 95% CI 0.7 to 2.3). Older age (HR 8.3; 95%
CI 2.2 to 31.9), concomitant comorbidities (HR 2.4;
95% CI 1.2 to 4.5), intermediate/high tumor grade
(HR 3.3; 95% CI 1.7 to 6.1), and carcinomatous histol-
ogy (HR 1.9; 95% CI 1.0 to 3.8) all predicted poorer sur-
vival (Table 4, Fig. 4).
DISCUSSION
Using a large contemporary national data set, we found
that >30% of patients with appendiceal carcinoids are
treated by surgeons with a non-recommended procedure,
as defined by recognized guidelines from the National
Comprehensive Cancer Network and North American
Neuroendocrine Tumor Society. This surprisingly large
percentage applied to both patients treated with
hemicolectomy for small tumors (�2 cm) and appendec-
tomy for large tumors (>2 cm). The former is certainly
improving over time: hemicolectomy for small carcinoids
has been on the downtrend since 2010. The same has not
been true of appendectomy for large carcinoids, however,
the proportion of which has remained relatively stable
since 2004.
What is driving these practice patterns? Apart from

the questionable survival benefit of hemicolectomy
raised by previous studies,8,15,16 other contributing
factors may relate to demographic and disease char-
acteristics. Among patients with small tumors, we iden-
tified older age, comorbidities, and cancer history as
significantly associated with non-adherence to treatment
guidelines. These associations might be partially
explained by confounding effects: older, sicker patients
might have concomitant right colonic diseases requiring
hemicolectomy, with subsequent diagnosis of carcinoid.
The uncertain nature of statistical associations is a draw-
back of all retrospective studies that use administrative-
level data, and a clear limitation of our study. Still, the
connection between older age and hemicolectomy is
important to note, as it stands at odds with the original
longitudinal investigations by Moertel and colleagues3

in 1987 and Roggo and colleagues4 in 1993, who rec-
ommended consideration of hemicolectomy for young
patients to prevent long-term recurrence. Their admoni-
tion does not appear to play a large role in modern
decision-making, the implications of which on recur-
rence are not yet known.
Other identified predictors of hemicolectomy for small

tumors, intermediate tumor size and lymphovascular in-
vasion, related to tumor aggressiveness. These associations
are more readily interpretable as an attempt to completely
eliminate occult disease and prevent recurrence.6,12 They
might also highlight ambiguity within the practice guide-
lines, which state in a footnote that “some institutions will
consider more aggressive treatments for 1 to 2 cm with
poor prognostic features,”10 yet do not then offer an
explicit treatment recommendation for such tumors.
This ambiguity could be engendering confusion or appre-
hension around the treatment of small tumors with
aggressive features, manifesting in more aggressive
management.
Among patients with large tumors, predictors of under-

treatment were fewer. Elderly patients were more prone to
appendectomy, revealing that surgical risk seemed to
outweigh cancer risk. Tumor size 2.1 to 3 cm and absence
of lymphovascular invasion were also associated with less
aggressive treatment. The clustering of appendectomy-
treated large tumors in metropolitan locales, along with
the stable proportion of appendectomies throughout the



Figure 4. Unadjusted Kaplan-Meier survival curves represent: (A) all patients; (B) patients with tumors �2 cm; (C) patients with
tumors 1.1 to 2 cm; (D) patients with tumors >2 cm.
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study period, suggest that some institutions might cate-
gorically treat appendiceal carcinoids non-aggressively.
Bamboat and Berger,16 using single institutional data,
and Ciarrocchi and colleagues,8 using data from the Sur-
veillance, Epidemiology, and End Results database, have
supported such an approach.
More important than understanding what underlies

guideline non-adherence is measuring the clinical impact.
In the survival analysis of the total cohort, there was a 7%
difference between patients with small and large tumors
at 10 years of follow-up. At first glance, this suggested
that aggressive oncologic resection was necessary to effec-
tively treat large tumors. However, in the adjusted analysis,
resection procedure did not appear to impact survival, nor
did tumor size. The most frequently identified factors were
not related to the disease but to the patients, such as their
age, comorbidities, and history of malignancy. Life expec-
tancy and overall health status dictated survival more than
tumor characteristics, raising the possibility that, on
average, large carcinoids might be a symptom rather than
source of poorer health status and earlier death.
This theme persisted for each tumor size groupdsmall,

intermediate, and large. When stratifying each group by
procedure type, the only meaningful survival difference
emerged for large tumors, where patients treated with ap-
pendectomy saw a 11% reduction in 10-year survival. In
the adjusted analyses of all size groups, however, baseline
patient characteristics were the predominant predictors of
survival. Resection procedure had no impact.
It must be noted that tumor factors were not entirely

dissociated from survival in the Cox model. Although
size, lymphovascular invasion, and treatment type were
not significantly associated with survival, higher grade
and carcinomatous histology were associated, specifically
in the setting of large tumors. Although this finding aligns
with the way oncologists generally view aggressive histo-
pathologic markers, it still seems counterintuitive with
the well-published finding that resection type does not
impact survival. Unlike medical oncologists, who increas-
ingly look to genomics to guide systemic treatment deci-
sions, many surgeons still rely on clinical indicators of
disease aggressivenessdsize, histopathology, and lymph
node statusdto guide treatment decisions and improve
survival. Such an approach does not appear to completely
befit appendiceal carcinoids, yet the association of grade
and histology with poorer outcomes cannot be ignored.
Caution should be used in the setting of these less common
variants, present in 12.5% and 24.7% of patients in our na-
tional data set, respectively. When present, we recommend
consultation with a multidisciplinary tumor board to
inform treatment approach, as a specific treatment proced-
ure is not supported by our data or past literature.
Rare cancers make difficult study subjects. Accruing

enough data to power a study with generalizability can
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take decades, during which treatment modalities and
guidelines evolve. National registry data have become
essential for tracking practice and outcomes trends in
rare diseases. The NCDB platform, capturing most US
cancer cases and recording a variety of patient and tumor
characteristics, suits this purpose well for appendiceal
neuroendocrine tumors. Use of this registry is a key
strength of our study compared with other studies that
use single-institutional data. Naturally, it is also a limita-
tion. Administrative-level data that have gone through
several rounds of recoding lack granularity and are prone
to processing errors and inconsistencies. This latter point
is particularly important in the setting of rare tumors, for
which the numbers are not always large enough to offset
random coding error. For this reason, extreme specificity
in selecting a study cohort and integrity of statistical
methods is of the utmost importance. We strongly prior-
itized these elements in our study design.
Our data demonstrate that non-adherence to size-based

treatment guidelines is widespread, though it might not
alter the prognosis of patients with appendiceal carcinoid
tumors. Appendectomy for all tumor sizes can actually suf-
fice in a large number of cases. Expert disagreement around
this issue can stem from dissimilar data being used across
studies; for example, many include adeno- and goblet cell
carcinoids, for which the prognosis is poorer than for
pure carcinoids.2-6,12 Tendencies of oncologists and sur-
geons to attach size-associated lymph node spread to a
need for more aggressive treatment might also promote
hemicolectomy without evidence of survival benefit. Addi-
tional investigation into outcomes of appendectomy vs
hemicolectomy in treating appendiceal carcinoids must
meticulously separate out biologically distinct histologies
and use optimal statistical methods to avoid misinterpret-
ing the clinical implications of tumor size associations.
CONCLUSIONS
Up to one-third of patients with appendiceal carcinoid tu-
mors in the US are treated with a non-recommended sur-
gical procedure by the standards of nationally recognized,
size-based treatment guidelines. Variant study methodol-
ogies, paucity of data, and ambiguity or mistrust of the
guidelines might be contributing to variability in practice.
Despite such practice patterns, patient survival does not
appear to be impacted negatively. This casts some doubt
on the need for aggressive surgical resection of appendi-
ceal carcinoids and calls for reassessment of the treatment
guidelines.
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Invited Commentary

Laura A Lambert, MD

Salt Lake City, UT

To bring surgical management of appendiceal carcinoids into the

21st century, Heller and colleagues, from the Yale School of Med-
icine, took a clever approach using the National Cancer Database
(NCDB) to evaluate surgeon adherence to the current guidelines

and the impact of any deviation on overall survival. The authors
identified 3,189 patients in the NCDB with appendiceal carcinoid
who underwent either appendectomy (n ¼ 1,893) or right hemico-

lectomy (n ¼ 1,305) as their definitive treatment. Contrary to Na-
tional Comprehensive Cancer Network (NCCN) and North
American Neuroendocrine Tumor Society (NANETS) guidelines,
32.4% of tumors � 2 cm were treated with right hemicolectomy

and 31.3% of tumors > 2 cm were treated with appendectomy
alone. On multivariate analysis, neither tumor size nor definitive
surgical procedure were associated with overall survival for either

small or large tumors. However, in both groups, age � 65 years,
medical comorbidity (including a history of a previous malignancy
in the � 2 cm group), tumor grade, and carcinomatous histology

predicted poorer survival.
Current NCCN and NANETS guidelines for operative manage-
ment of appendiceal carcinoids are still largely based on findings

published by Moertel and colleagues1 in 1987. One might argue
that administrative-level data from a national registry lack the
necessary granularity found in a single-institution study spanning

more than 50 years to better understand the true natural history
of such a rare and indolent tumor. It would certainly be helpful
to know the progression-free and disease-specific survival of the

3,000 patients in this study, as this might, in fact, prove to be
related to the type of surgical intervention for appendiceal carci-
noids. It could also be argued, given both the latency of recurrence
and relatively indolent nature of these tumors, that even with the

large numbers of a national registry, there is still not enough power
to demonstrate a true survival advantage due to surgical interven-
tion. However, given the consistency of the authors’ findings

with Moertel and colleagues1 and others who have not demon-
strated a survival benefit associated with right hemicolectomy for
appendiceal carcinoids > 2 cm,2-4 the authors appropriately suggest

that tumor size may not be the most important determinant of
oncologic outcome for appendiceal carcinoids. As shown in this
study, the only tumor-based characteristics that were statistically
significant were related to the biology of the tumor: higher grade

and carcinomatous histology. This should come as no surprise
because this is proving to be the case with most, if not all, other can-
cers as well. Through this manuscript, Heller and colleagues add

another voice to the plea for more modern and precise guidelines
for operative management of appendiceal carcinoids. Although
their findings appear to support Moertel and coauthors’ original

1987 statement that even among patients with �2 cm tumors,
“simple appendectomy appears to be curative,”1 until this is proven
through 21st century technology, surgeons will have to continue to

weigh the evidence for themselves and vote with their scalpels.
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