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ABSTRACT

Background. Right hemicolectomy (RHC) for nodal

staging is recommended for nonmucinous adenocarcinoma

of the appendix (NMACA), but it is unclear whether a

subgroup of patients at low risk for lymph node (LN)

metastasis exists who may be managed with a less exten-

sive resection.

Patients and Methods. Patients with NMACA without

distant metastases who underwent margin negative resec-

tion via either RHC or appendectomy/partial colectomy (A/

PC) were evaluated from the National Cancer Database

(2004–2016). Patients at low risk for LN metastasis were

identified. Multivariable survival analysis was performed,

and 5-year overall survival (OS) was estimated.

Results. Of the 2487 patients included, 652 [26.2%; 95%

confidence interval (CI) 24.5–28.0%] had LN metastases.

T4 T stage [odds ratio (OR) 4.2, p = 0.032], poorly/un-

differentiated histology (OR 2.2, p = 0.004), and

lymphovascular invasion (LVI) (OR 4.4, p\ 0.001) were

associated with LN positivity. One hundred and thirteen

patients (4.5%) had tumors at low risk for LN metastasis

(T1 T stage, well/moderately differentiated tumors without

LVI), and the rate of LN metastasis for this group was

1.8% (95% CI 0.5–6.2%). Conversely, the LN metastasis

rate among the 2374 non-low-risk patients was 27.4%

(95% CI 25.6–29.2%). Performance of A/PC instead of

RHC was associated with a survival disadvantage among

all patients (hazards ratio 1.5, p = 0.049), but among the

low-risk cohort, 5-year OS did not differ based on resection

type (88.3% A/PC versus 92.7% RHC, p = 0.305).

Conclusions. Although relatively uncommon, early,

pathologically favorable NMACA is associated with a very

low risk of LN metastasis. These select patients may be

managed with a less extensive resection without compro-

mising oncologic outcomes.

BACKGROUND

Primary cancer of the appendix is a rare disease entity,

not infrequently diagnosed as an incidental finding on

abdominal imaging or on final pathology following

appendectomy for acute appendicitis or other indica-

tions.1,2 Multiple histologic subtypes exist, of which

mucinous adenocarcinoma is the most common and

accounts for 37% of all cases.1 Colonic type adenocarci-

noma, also commonly known as nonmucinous

adenocarcinoma of the appendix (NMACA), accounts for

25–27% of cases, and is thought to arise from an adenoma

similar to primary colon cancer.3 Due to the rarity of pri-

mary appendiceal cancer in general, no dedicated

evidence-based management guidelines exist, and thus the

National Comprehensive Cancer Network (NCCN) rec-

ommendations for management of NMACA largely

parallel those for colon cancer.4

Among patients with either mucinous adenocarcinoma

of the appendix or NMACA, lymph node (LN) metastases

at the time of initial diagnosis have been reported in

20–67% of cases, with a higher likelihood of being present

in NMACA.5 Given the frequency of LN positivity, full
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oncologic resection via right hemicolectomy (RHC) to

obtain appropriate LN staging is currently recommended

for all patients diagnosed with NMACA.5,6 For early ade-

nocarcinomas with favorable features in other anatomic

locations, current guidelines support less extensive resec-

tions as a surgical option due to the low associated rate of

LN metastases for these tumors.4,7–9 However, limited data

exist describing the rate of LN metastasis for patients with

early NMACA with similar favorable features, and thus

whether a less extensive resection may be an appropriate

surgical option for these patients is unclear.10

Using the National Cancer Database (NCDB), the cur-

rent study sought to evaluate the rate of LN metastasis

among patients with NMACA, and to identify whether a

subgroup of patients exists with early NMACA who may

be at low risk of developing LN metastases, and thus might

be amenable to a less extensive resection without com-

promising oncologic outcomes.

PATIENTS AND METHODS

Data Source and Patient Selection

The NCDB colon participant user file was used for this

study. The NCDB is a joint project of the American Cancer

Society and the Commission on Cancer (CoC) of the

American College of Surgeons, composed of cases from

more than 1500 CoC accredited facilities. Data collected

include demographic and clinical patient characteristics,

cancer staging and tumor histology, and type of treatment

administered.11,12 NCDB data are de-identified and com-

pliant with the Health Insurance Portability and

Accountability Act (HIPAA). Institutional review board

approval was not required for this study as no patient,

physician, or hospital identifiers were evaluated.

From 2004 to 2016, patients with nonmucinous adeno-

carcinoma histology [Surveillance, Epidemiology, and End

Results (SEER) ICD-0-3 histology codes 8140–8148,

8210–8213, 8220–8221, 8255, 8260–8263, 8440–8441,

8490, and 8570–8576] of the appendix (SEER primary site

code C181) without distant metastases who underwent

margin negative (R0) surgical resection via either a

hemicolectomy [including right colectomy or subtotal

colectomy, with or without contiguous organ resection

(Facility Oncology Registry Data Standards code 40–41),

defined as RHC for this study] or appendectomy [including

partial colectomy, with or without contiguous organ

resection (Facility Oncology Registry Data Standards code

30–32), defined as A/PC for this study] were identi-

fied.6,13–15 Patients with and without LN metastases were

compared to identify factors associated with nodal spread.

Patients were then stratified into two groups based on the

presence or absence of factors associated with LN metas-

tasis (low-risk group, which included patients with factors

associated with a low likelihood of LN metastasis based on

this analysis and on data for other adenocarcinomas7–9 and

non-low-risk group, which included patients who did not

have all low-risk factors for LN metastasis), and the rates

of LN positivity for these two groups were calculated.

Finally, survival outcomes were compared between

patients who underwent A/PC and RHC.

Patients with histology codes other than those previ-

ously stated, including goblet cell histology, with

nonappendiceal located tumors, who did not undergo either

RHC or A/PC, who had distant metastatic disease, who had

unknown/inconsistent staging information, or who did not

have an R0 resection were excluded. Patients with prior

cancer diagnoses were also excluded to avoid biasing

survival results due to prior diagnoses or treatments. The

resulting final cohort consisted of 2487 patients (Fig. 1).

Variables and Outcomes

Clinical variables evaluated included age, sex, race,

Charlson–Deyo comorbidity score, insurance status, treat-

ment facility type (academic or nonacademic), type of

surgical procedure performed (A/PC or RHC), and treat-

ment with adjuvant systemic therapy.16 Evaluated tumor

variables included size, preoperative carcinoembryonic

antigen (CEA) level, histologic subtype (signet ring or non-

signet ring), T stage, LN status (positive or negative),

pathologic stage, histologic tumor grade, and presence or

absence lymphovascular invasion (LVI). Age (C 60 or \
60 years) and tumor size (C 2 or \ 2 cm) were further

dichotomized using the Liu method.17 Variables with

missing data were recorded as unknown. The primary study

outcome was the rate of LN positivity. Secondary study

outcomes included identification of factors associated with

LN positivity, and comparison of overall survival (OS)

between patients undergoing A/PC and RHC.

Statistical Methods

Univariable analysis was performed using Pearson’s chi-

squared or Fisher’s exact test, as appropriate, for categor-

ical variables, and the Wilcoxon rank-sum test for

continuous variables. Multivariable logistic regression

analysis was performed to evaluate factors associated with

LN positivity. Factors with a p-value B 0.10 on univariable

analysis were included in this multivariable analysis. Pro-

portions of patients with positive LNs were calculated, and

95% confidence intervals (CI) for proportions were esti-

mated using the Wilson method.18 Survival analyses were

estimated using the Kaplan–Meier method and compared

using the log-rank test. Associations between variables and
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survival outcomes were determined using the Cox pro-

portional hazards model, and the proportionality of the

model was ensured using the Schoenfeld residuals test. The

start time for follow-up and survival analyses was the day

of diagnosis.19 All tests were two sided. p-Values \ 0.05

were considered statistically significant. All statistical

analyses were performed using Stata Version 17.20

RESULTS

Patient Cohort and Factors Associated with LN

Metastasis

Of the 2487 patients included, 652 [26.2%; 95% confi-

dence interval (CI) 24.5–28.0%] had LN metastases. The

median age of the study cohort was 61 [interquartile range

(IQR) 52–71] years, and 1365 patients (54.9%) were male.

Baseline descriptive statistics for the study cohort and

univariable analysis comparisons between patients with

and without LN metastases are presented in Table 1.

Among the 2236 patients with C 1 LN evaluated

(Supplementary Table 1), on multivariable analysis, T4 T

stage [odds ratio (OR) 4.2, 95% CI 1.1–15.3, p = 0.032],

poorly/undifferentiated histologic grade (OR 2.2, 95% CI

1.3–3.7, p = 0.004), and presence of LVI (OR 4.4, 95% CI

2.8–7.1, p \ 0.001) were associated with LN metastasis

(Table 2).

Comparison of Cohorts at Low Risk and Non-low Risk

for LN Metastasis

Based on the results of the multivariable analysis eval-

uating factors associated with LN metastasis for patients

with C 1 LN evaluated, 113 patients (4.5% of the entire

study cohort) were identified as having tumors at low risk

for LN metastasis (T1 T stage tumors with well- or mod-

erately differentiated histology and without LVI). In this

low-risk group, two patients were found to have LN

metastases, yielding a LN metastasis rate of 1.8% (95% CI

0.5–6.2%) for this group. Conversely, among the 2374 non-

low-risk patients (those with C T1 T stage, poorly/undif-

ferentiated histologic grade, or presence of LVI), 650

patients were found to have LN metastases, yielding a LN

metastasis rate of 27.4% (95% CI 25.6–29.2%) for this

group.

No significant differences in sociodemographic features

were seen between low-risk and non-low-risk patients.

Compared with non-low-risk patients, low-risk patients

were significantly more likely to have tumors\2 cm [n =

53 (46.9%) low risk versus n = 447 (18.8%) non-low risk,

p\ 0.01] and to have non-signet ring histology [n = 112

(99.1%) low risk versus n = 2035 (85.7%) non-low risk,

p\ 0.01], and significantly less likely to receive adjuvant

systemic therapy [n = 6 (5.3%) low risk versus n = 884

(37.2%) non-low risk, p\ 0.01].

On subgroup analysis of patients with specifically low-

grade tumors without LVI (n = 397), for patients with T1,

T2, T3, and T4 tumors, 1 of 72 patients (1.4%, 95% CI

0.2–7.5%), 7 of 98 patients (7.1%, 95% CI 0.4–14.0%), 16

of 149 patients (10.7%, 95% CI 6.7–16.7%), and 11 of 78

(14.1%, 95% CI 8.1–23.5%), respectively, had LN metas-

tases. For these patients with low-grade tumors, as

compared with those with T1 T stage tumors, the OR for

LN metastasis associated with T2, T3, and T4 tumors was

0.6 (95% CI 0.1–17.3, p = 0.763), 2.6 (95% CI 0.2–30.9,

p = 0.445), and 3.2 (95% CI 0.2–45.8, p = 0.238),

respectively.

NCDB 2016 Colon Cancer
Participant User File

N=908,503

Eligible for analysis:
N=2,487

No nodal metastases:
N=1,835 (73.8%)

Nodal metastases:
N=652 (26.2%)

Exclude if:
•      Histology other than non-mucinous adenocarcinoma, N=134,553
•      Non-appendiceal location, N=765,382
•      Resection other than right colectomy or appendectomy/partial
        colectomy, N=2,097
•      Stage IV, or unknown/inconsistent staging, N=2,752
•      Prior cancer diagnosis, N=853
•      Non-R0 margin resection, N=379

FIG. 1 Patient exclusion

criteria and final study cohort
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TABLE 1 Baseline patient characteristics

Node negative N = 1835 (73.8%) Node positive N = 652 (26.2%) p-Value

n (%) n (%)

Age, years, median (IQR) 62 (53–71) 59 (52–69) \ 0.01

Age

\ 60 799 (43.5) 333 (51.1) \ 0.01

C 60 1036 (56.5) 319 (48.9)

Sex

Male 999 (54.4) 366 (56.1) 0.46

Female 836 (45.6) 286 (43.9)

Race

White 1537 (83.8) 537 (82.4) 0.71

Black 229 (12.5) 89 (13.7)

AAPI/other 69 (3.8) 26 (4.0)

Charlson–Deyo comorbidity score

0 1387 (75.6) 495 (75.9) \ 0.01

1 291 (15.9) 125 (19.2)

2 117 (6.4) 26 (4.0)

C 3 40 (2.2) 6 (0.9)

Insurance status

Not insured 62 (3.4) 37 (5.7) 0.05

Private 936 (51.0) 321 (49.2)

Medicaid 89 (4.9) 44 (6.8)

Medicare 700 (38.2) 236 (36.2)

Other government 24 (1.3) 6 (0.9)

Unknown 24 (1.3) 8 (1.2)

Facility type

Nonacademic 1357 (74.0) 473 (72.6) 0.49

Academic 478 (26.1) 179 (27.5)

Surgical procedure

Right hemicolectomy 1293 (70.5) 522 (80.1) \ 0.01

Appendectomy/partial colectomy 542 (29.5) 130 (19.9)

Tumor size

\ 2 cm 416 (22.7) 84 (12.9) \ 0.01

C 2 cm 807 (44.0) 392 (60.1)

Unknown 612 (33.4) 176 (27.0)

Preoperative CEA, ng/mL, median (IQR) 1.8 (0.9–3.1) 2.5 (1.3–4.6) \ 0.01

Histology

Non-signet ring 1635 (89.1) 512 (78.5) \ 0.01

Signet ring 200 (10.9) 140 (21.5)

T stage

T1 194 (10.6) 12 (1.8) \ 0.01

T2 348 (19.0) 41 (6.3)

T3 857 (46.7) 290 (44.5)

T4 436 (23.8) 309 (47.4)

Histologic grade

Well differentiated 372 (20.3) 46 (7.1) \ 0.01

Moderately differentiated 970 (52.9) 281 (43.1)

Poorly/undifferentiated 343 (18.7) 264 (40.5)

Unknown 150 (8.2) 61 (9.4)
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Comparison of Patients Who Underwent A/PC Versus

RHC

Of the entire study cohort, 672 patients (27.0%) under-

went A/PC, 37 (1.5%) of whom were in the low-risk

cohort, and 635 (25.5%) of whom were in the non-low-risk

cohort. On comparison of patients who underwent A/PC

versus RHC among the entire cohort, the median number of

LNs evaluated was significantly less for those who

underwent A/PC [11 (IQR 0–18)] versus RHC [17 )IQR

13–23), p\0.01], and patients who underwent A/PC were

significantly less likely to have LN metastases [n = 130

(19.4%) A/PC versus n = 522 (28.8%) RHC, p\0.01] and

to receive adjuvant systemic therapy [n = 187 (27.8%)

A/PC versus 703 (38.7%) RHC, p\ 0.01].

Among the low-risk group, the median number of LNs

evaluated remained significantly less for those who

underwent A/PC [1 (IQR 0–12) versus RHC 17 (IQR

13–23), p \ 0.01], but no association was seen between

type of resection and presence of LN metastases [n = 0

(0.0%) A/PC versus n = 2 (2.6%) RHC, p = 0.32]. One

patient (2.7%) who underwent A/PC and five patients

(6.6%) who underwent RHC received adjuvant systemic

therapy (p = 0.39).

Follow-Up and Survival Analysis

Median follow-up time for patients alive at last follow-

up was 55.0 (IQR 31.0–83.7) months and did not differ

between patients who underwent A/PC versus RHC: 51.9

(IQR 29.9–83.7) months for the A/PC cohort versus 56.3

(IQR 31.8–83.5) months for the RHC cohort (log-rank p =

0.243). On multivariable survival analysis of the entire

cohort, performance of A/PC was associated with an OS

disadvantage as compared with performance of RHC

[hazard ratio (HR) 1.5, 95% CI 1.0–2.4, p = 0.049]

(Table 3), and with significantly with worse 5-year OS

(64.3% A/PC versus 70.0% RHC, log-rank p = 0.029)

(Fig. 2). However, on subgroup analysis of patients in the

low-risk LN metastasis group [n = 113 (37 of whom

underwent A/PC)], 5-year OS did not significantly differ

between those underwent A/PC versus RHC (88.3% A/PC

versus 92.7% RHC, log-rank p = 0.305).

Multivariable survival analysis of the subgroups of

patients with stage I/II and III disease, controlling for the

same factors as were accounted for on analysis of the entire

study cohort, demonstrated no significant difference in

survival based on type of surgical procedure performed

within each subgroup: stage I/II (HR 1.8, 95% CI

0.95–3.45, p = 0.069), stage III (HR 1.2, 95% CI 0.60–2.32,

p = 0.639).

Additional subgroup analyses were performed, com-

paring patients who underwent A/PC with B 2 LNs

evaluated (n = 232) with patients who underwent RHC.

Among this subgroup, performance of A/PC remained

associated with an OS disadvantage (HR 2.4, 95% CI

1.1–5.3, p = 0.036), and with significantly worse 5-year OS

(63.1% A/PC versus 70.0% RHC, log-rank p = 0.012).

However, among the low-risk cohort [n = 99 (23 of whom

underwent A/PC)] of this subgroup, 5-year OS did not

significantly differ based on type of surgical procedure

performed (80.2% appendectomy/partial colectomy versus

92.7% right hemicolectomy, p = 0.079).

DISCUSSION

NMACA is a rare disease without dedicated evidence-

based management guidelines. Many treatment recom-

mendations are extrapolated from those for colonic

adenocarcinoma, including the general agreement that

Table 1 (continued)

Node negative N = 1835 (73.8%) Node positive N = 652 (26.2%) p-Value

n (%) n (%)

Lymphovascular invasion

Absent 1056 (57.6) 176 (27.0) \ 0.01

Present 178 (9.7) 234 (35.9)

Unknown 601 (32.8) 242 (37.1)

Adjuvant systemic therapy

No 1399 (76.2) 198 (30.4) \ 0.01

Yes 436 (23.8) 454 (69.6)

IQR interquartile range, AAPI Asian American, Pacific Islander, cm centimeter, CEA carcinoembryonic antigen, ng nanogram, mL milliliter
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these patients should undergo full oncologic resection with

RHC for complete nodal staging. However, both NCCN

and Japanese consensus guidelines indicate that, for

endoscopically completely resected malignant colon

polyps (defined as a pT1 cancer) without adverse features,

observation without additional surgical resection is an

acceptable treatment option given the low rates of LN

metastases and recurrence for these favorable tumors.4,21

While some reports support treating early appendiceal

NMACA similar to malignant colon polyps, there is limited

data directly evaluating the rate of LN metastasis for

patients with early, favorable NMACA, and thus deter-

mining whether these patients may be able to undergo less

extensive resections with deferral of LN staging. The

current study found that overall, the LN metastasis rate for

patients with NMACA was equivalent to that reported in

other studies,3 but that patients with early NMACA with

low-risk features for LN metastasis (specifically T1, well-

or moderately differentiated tumors without LVI) had very

low rates of nodal metastases upon resection.

TABLE 2 Patient and tumor

factors associated with lymph

node positivity among patients

undergoing right

hemicolectomy or

appendectomy/partial

colectomy for nonmucinous

adenocarcinoma of the appendix

Odds ratio (95% confidence interval) p-value

Age

\ 60 years 1.50 (0.88–2.58) 0.138

C 60 years 1.00 (Reference)

Insurance status

Not insured 1.20 (0.28–17.08) 0.450

Private 0.96 (0.13–6.40) 0.967

Medicaid 1.59 (0.21–12.07) 0.653

Medicare 1.73 (0.26–11.55) 0.574

Other government 1.00 (Reference)

Unknown 0.31 (0.01–7.83) 0.479

Charlson–Deyo comorbidity score

0 1.00 (Reference)

1 1.05 (0.61–1.82) 0.853

2 0.41 (0.13–1.26) 0.119

C3 0.71 (0.17–2.99) 0.644

Tumor size

\ 2 cm 1.00 (Reference)

C 2 cm 1.34 (0.74–2.41) 0.337

Unknown 0.71 (0.37–1.38) 0.311

Preoperative CEA, ng/mL 1.00 (1.00–1.00) 0.133

Histology

Non-signet ring 1.00 (Reference)

Signet ring 1.00 (0.52–1.90) 0.989

T stage

T1 1.00 (Reference)

T2 1.32 (0.31–5.50) 0.707

T3 2.61 (0.72–9.51) 0.145

T4 4.15 (1.13–15.27) 0.032

Grade

Well/moderately differentiated 1.00 (Reference)

Poorly/undifferentiated 2.19 (1.29–3.71) 0.004

Unknown 2.88 (1.19–7.02) 0.020

Lymphovascular invasion

Absent 1.00 (Reference)

Present 4.43 (2.75–7.11) \ 0.001

Unknown 2.97 (1.55–5.70) 0.001

cm centimeter, CEA carcinoembryonic antigen, ng nanogram, mL milliliter
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TABLE 3 Factors associated with overall survival among patients undergoing right colectomy or appendectomy/partial colectomy for

nonmucinous adenocarcinoma of the appendix

Hazards ratio (95% confidence interval) p-Value

Surgical procedure

Right hemicolectomy 1.00 (Reference)

Appendectomy/partial colectomy 1.54 (1.01–2.37) 0.049

Age

\ 60 years 1.00 (Reference)

C 60 years 1.29 (0.78–2.13) 0.322

Sex

Male 1.00 (Reference)

Female 1.39 (0.96–2.01) 0.081

Race

White 1.00 (Reference)

Black 0.99 (0.58–1.69) 0.974

AAPI/other 3.07 (1.20–7.85) 0.019

Charlson–Deyo score

0 1.00 (Reference)

1 1.45 (0.94–2.24) 0.090

2 1.79 (0.78–4.10) 0.170

C 3 0.96 (0.29–3.18) 0.943

Insurance status

Not insured 1.00 (Reference)

Private insurance 1.38 (0.56–3.44) 0.487

Medicaid 1.13 (0.35–3.69) 0.834

Medicare 2.31 (0.92–5.79) 0.074

Other government 3.30 (0.62–17.64) 0.162

Unknown 3.21 (0.36–28.31) 0.294

Facility type

Nonacademic 1.00 (Reference)

Academic 1.32 (0.88–1.97) 0.182

Tumor size

\ 2 cm 1.30 (0.79–2.13) 0.296

C 2 cm 1.00 (Reference)

Unknown 1.03 (0.58–1.85) 0.910

Preoperative CEA, ng/mL 1.00 (1.00–1.00) 0.005

Stage

I 1.00 (Reference)

II 1.17 (0.57–2.39) 0.663

III 3.78 (1.72–8.31) 0.001

Histology

Non-signet ring 1.40 (0.79–2.46) 0.249

Signet ring 1.00 (Reference)

Grade

Well/moderately differentiated 1.00 (Reference)

Poorly/undifferentiated 1.53 (0.97–2.42) 0.068

Unknown 0.89 (0.36–2.15) 0.787

Lymphovascular invasion

Absent 1.00 (Reference)

Present 1.58 (0.99–2.50) 0.053

2340 R. J. Straker et al.



Because the primary rationale for performing a full

oncologic resection with RHC in these patients is for

adequate nodal staging, the findings of the current study

suggest that among patients with these low-risk disease

features, full oncologic resection with RHC may not be

necessary given the very low rate of LN metastasis in these

patients. As such, these patients may be able to undergo

less extensive resections for primary tumor removal, such

as with an appendectomy alone without full nodal staging,

without concern of missing occult nodal metastases. NCCN

guidelines support less extensive resection options for early

adenocarcinomas with similar low-risk features in other

anatomic locations, such as esophageal, gastric, or rectal

adenocarcinoma, with the rationale in each of these cancers

being that a full oncologic resection to obtain appropriate

LN staging is not needed due to the low rate of LN

metastases for these early cancers.7–9 It is likely that early

NMACA behaves similarly to these other early adenocar-

cinomas regarding LN metastases, and thus, less extensive

resection may also be an appropriate treatment option for

early, pathologically favorable NMACA.

The current study found a survival advantage with the

performance of RHC rather than A/PC among all-comers

with NMACA, but this survival difference did not persist

among the subgroup of patients with low-risk tumors. This

is likely secondary to a stage migration effect because RHC

is able to provide more LNs for evaluation, and thus has a

higher probability of finding nodal metastases.22 In fact, in

the present study, patients who underwent RHC had sig-

nificantly more nodes evaluated than those who underwent

A/PC, and when comparing RHC with less extensive

resection in similarly staged patients, no appreciable sur-

vival difference was identified within each stage group.

Additionally, there was no association between LN posi-

tivity and resection type for patients with low-risk tumors,

likely because the rate of LN positivity in general was so

low among this subgroup. Given the low rate of LN

metastasis for patients with early, favorable NMACA as

identified in this study, performance of a less extensive

resection appears to be a tenable option for these patients

without compromising oncologic outcomes.

A limitation of the current study is the inability to

determine the extent of resection among patients who

underwent A/PC, as the NCDB does not delineate this

detail. Although these patients underwent a resection less

Table 3 (continued)

Hazards ratio (95% confidence interval) p-Value

Unknown 1.54 (0.87–2.72) 0.138

Adjuvant systemic therapy

No 0.97 (0.60–1.56) 0.901

Yes 1.00 (Reference)

IQR interquartile range, AAPI Asian American, Pacific Islander, cm centimeter,

CEA carcinoembryonic antigen, ng nanogram, mL milliliter
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FIG. 2 Kaplan–Meier estimates of 5-year overall survival curves of

patients with nonmucinous adenocarcinoma of the appendix,

comparing those who underwent appendectomy/partial colectomy

versus right hemicolectomy among (a) the entire study cohort, and

(b) patients within the low-risk cohort
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extensive than a formal RHC, it is not clear how many

patients in the A/PC cohort underwent a traditional

appendectomy versus an appendectomy with partial

cecectomy versus a full ileocecectomy. Nonetheless, there

are advantages to performing a resection less extensive

than a full oncologic RHC when possible, with studies

showing lower rates of morbidity following appendectomy

rather than right colectomy for other appendiceal pathol-

ogy, such as carcinoid tumors \ 2 cm.23 While

complications following RHC are low, a major benefit to

performing an appendectomy rather than RHC is the

avoidance of an anastomosis and its associated potential

complications.24 Additionally, although this unfortunately

cannot be discerned from the NCDB either, it is likely that

many of the patients in the low-risk group were diagnosed

incidentally on final pathologic review of an appendectomy

for other etiologies.3 Deferral of RHC for these patients

prevents additional risks from a second anesthesia event

and/or any surgical or nosocomial complications, which

may potentially occur with performance of an additional

procedure. Although the number of patients in the current

study who met criteria to be in the low-risk group was \
5% of the entire cohort, these still represent an important

group of patients to identify as they are a select group of

patients who may be able to benefit from the opportunity to

have a less extensive operation without compromising

oncologic outcomes. For the vast majority of patients with

NMACA, right hemicolectomy continues to remain the

operation of choice to ensure optimal nodal staging.

In addition to those already discussed, several other

limitations should be considered when interpreting this

study. This study included patients with any number of

lymph nodes evaluated, rather than only those who had

complete nodal staging (i.e., C 12 LNs harvested). The

decision to include those with\ 12 LNs evaluated was to

make the results of this study more generalizable, as many

patients who undergo an appendectomy for a low-risk

NMACA may not have 12 LNs evaluated, but would still

be at low risk for LN metastasis given their favorable

tumor. Additionally, inclusion of only those with C 12

nodes evaluated would have led to the exclusion of many

patients, which may have significantly reduced the study

power and introduced additional selection biases. As a

retrospective analysis, it is possible that potential con-

founding variables were not captured and could have

impacted the results in undefined ways. For example, the

individual decisions regarding whether to perform A/PC

versus RHC for each patient cannot be determined. Also,

OS, rather than disease-specific survival was evaluated as a

secondary outcome due to the limitations of the NCDB,

and it is possible some patients in each group died due to

noncancer-related causes. There is no strong reason to

believe however there should be a significant imbalance

between non-disease-related deaths in the comparison

groups, and notably Charlson–Deyo comorbidity scores

were accounted for in the analyses. Finally, the NCDB

includes only patients who have received some element of

their care at an accredited CoC facility, and thus the results

may not be generalizable to patients treated at other

centers.

CONCLUSIONS

Although relatively uncommon, patients with early

NMACA with favorable pathologic features (T1, well- or

moderately differentiated tumors without LVI) have a very

low rate of LN metastasis. Furthermore, performance of a

less extensive resection among this low-risk cohort does

not appear to be associated with worse survival outcomes

as compared with performance of a full oncologic resection

with RHC. While the vast majority of patients with

NMACA should undergo RHC for complete nodal staging,

the subset of patients with early NMACA with low-risk

features may be able to be spared the morbidity of more

extensive surgery without compromising oncologic

outcomes.
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