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Background: Appendiceal adenocarcinoma is a very rare type of tumor, often asymptomatic in the early
stages of development. Surgical resection is the most preferred intervention against appendiceal non-
mucinous adenocarcinoma, but the efficacy of post-operative adjuvant chemotherapy is still unclear because
the cancer is rare. Accordingly, we sought to characterize appendiceal non-mucinous adenocarcinoma profile
that confers a better survival advantage for post-operative chemotherapy.

Methods: We analyzed patients with appendiceal non-mucinous adenocarcinoma in the Surveillance,
Epidemiology and End Results database, histologically diagnosed for the cancer between 2004 and 2015.
Nearly half of the patients first underwent surgery and thereafter received post-operative chemotherapy.
Logistic regression, Kaplan-Meier, univariate and multivariate Cox analysis were performed to evaluate the
odds ratio for the propensity of patients underweening chemotherapy, whereas hazard ratios were used to
evaluate the overall as well as cancer-specific survival.

Results: Of the 724 patients with appendiceal non-mucinous adenocarcinoma who underwent surgery,
301 (41.6%) received post-operative chemotherapy. Notably, patients with metastatic appendiceal non-
mucinous adenocarcinoma were more likely to receive chemotherapy (OR =7.42, 95% CI: 5.34-10.39,
P<0.001), similar to those with poor pathologically differentiated cancer types (OR =2.10, 95% CI: 1.49-3.00,
P<0.001). However, univariate and multivariable Cox regression analyses found no significant overall survival
and cancer-specific survival advantage for patients put on postoperative post-operative chemotherapy. In the
disease stage and pathological differentiation groups, only patients with widespread metastatic (Stage IV)
but well differentiated tumors displayed better 3-year (11.9% in overall survival, 11.5% in cancer-specific
survival) and 5-year survival rate (7.8% in overall survival, 6.8% in cancer-specific survival) to post-operative
chemotherapy.

Conclusions: Staging and grading of appendiceal non-mucinous adenocarcinoma is invaluable in guiding
the rationale of post-operative chemotherapy. Findings of this research support the view that only patients
with both of widespread metastatic but well differentiated appendiceal non-mucinous adenocarcinoma should
be considered for post-operative chemotherapy. Nonetheless, further prospective multidisciplinary clinical
trials are necessary to further discern the use chemotherapy after surgery in appendiceal non-mucinous

adenocarcinoma patients.
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Introduction

Appendiceal malignancies are rare tumors, only
pathologically identified in about 0.9% to 1.4% of surgical
appendectomy specimens (1-3). In addition, more than
30% of appendiceal cancer patients present with local or
distant metastases at the time of diagnosis (1). Appendiceal
malignant tumors are generally divided into non-epithelial
and epithelial type. Non-epithelial neoplasms include
carcinoids, lymphomas, sarcoma and adenocarcinomas.
Adenocarcinomas, further divided in to mucinous and
non-mucinous types, account for the majority of epithelial
tumors. Overall, adenocarcinomas rank second among all
tumors, only behind carcinoid (4). Meanwhile, appendiceal
mucinous adenocarcinoma (AMA) has been implicated
for pseudomyxoma peritonei (PMP), characterized by
progressive accumulation of mucous secreting tumor cells in
the abdomen and pelvis (5-7). Meanwhile, the local invasive
and metastatic blueprints of appendiceal non-mucinous
adenocarcinomas (ANMA) are comparable to those of
colorectal adenocarcinomas (8).

Currently, surgical resection remains the first-choice
treatment against appendiceal malignant tumor, with
appendectomy or colectomy recommended for patients
with distinct diameter appendiceal carcinoid tumors (9). On
the other hand, cytoreductive surgery (CRS) is preferred
against AMA (10). The effect of systemic chemotherapy in
multiple appendiceal adenocarcinomas has been extensively
studied. In one study, based on the National Cancer
Database (NCDB) encompassing 639 patients, Lu ez al.
reported against systemic chemotherapy in patients with
stage IV and low-grade AMA (11). Elsewhere, Lieu et al.
found systemic chemotherapy improved the prognosis of
appendiceal signet-ring adenocarcinoma (12). Further to
this, one study based on a large population dataset showed
that systemic chemotherapy improves overall survival
(OS) of patients with poorly differentiated AMA (13). In
a separate but related study, Uemura er 4/. observed that
systemic chemotherapy improved the survival of patients
with stage IV ANMA (14).

In recent years, combination interventions have been
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embraced against appendiceal malignant tumor. Indeed,
studies show that a combination of CRS and adjuvant
therapy significantly improves the 5-year survival rate of
AMA patients by 20% to 86% (15,16). However, because
ANMA is a rare cancer, the prognostic value of post-
operative chemotherapy against the disease is unclear.
Because of the pathological similarity between ANMA
and colorectal adenocarcinomas, the rationale for ANMA
chemotherapies mimics that of colorectal cancer (CRC) (17).
However, the efficacy of this rationale has never been
validated because of limited ANMA cases. Even so,
superimposing CRC interventions to CRC may be
counterproductive due to the distinct molecular signatures
between the two cancer types (18,19). Thus, the specific
category of ANMA patients may benefit from post-
operative chemotherapy remains unclear.

In this study, we used The Surveillance, Epidemiology
and End Results (SEER) data to evaluate the prognosis
differences of post-operative chemotherapy among ANMA
patients. Our findings will guide the rationale of post-
operative use of chemotherapy in ANMA. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/apm-20-
2233).

Methods
Inclusion and exclusion criteria

The SEER database is currently the largest publicly
available cancer consortium, with 26% of the data generated
from American population (20-23). Relevant data was
retrieved using SEER*Stat 8.3.6.1 program: SEER 18 Regs
customs data (with additional treatment field), performed
on Nov 2018 Sub (1973-2016 varying). Patients included
in this study were diagnosed with either ANMA (ICD-O-3
code: 8140/3, n=860) or AMA (ICD-0O-3 code: 8480/3,
n=1,748) between 2004 and 2015, with a view of comparing
the survival difference between the two groups. We also
aimed at evaluating the prognostic efficacy of post-operative
chemotherapy among different ANMA sub-groups, albeit
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Figure 1 The comparative survival rates of patients with appendiceal adenocarcinoma subtypes (AMA versus ANMA). (A) Overall and (B)

cancer-specific. AMA, appendiceal mucinous adenocarcinoma; ANMA, appendiceal non-mucinous adenocarcinomas.

aged between 18 and 90 years. Patients with multiple
primary tumors, unclear diagnostic method, missing survival
information, unknown TINM stage or grade, and already
receiving radiotherapy were all excluded from the study. In
the end, 721 ANMA patients satisfying the inclusion criteria
were included in the final analyses.

Biodata such as age, race, sex, marital status together with
additional information such as insurance status, pathological
grade, TNM stage, types of surgery and chemotherapy
were all captured. Patients were divided into either
“chemotherapy” or “non-chemotherapy” groups based on
whether or not they received chemotherapy after surgery.
Regarding age at diagnosis, patients were stratified into five
categories: younger than 50 years, between 50-59 years,
60—69 years, 70-79 years and older than 80 years. On
Insurance, patients were divided into groups of “Medicaid”,
“Insured”, “Uninsured” and “Unknown”. For marital status,
“Divorced” and “Widowed” were grouped as “Single”.
Patients were also grouped according to race, which
encompassed whites, blacks and other groups according to
their race. Surgical types were classified into “Appendectomy
alone”, “Partial colectomy” and “Unconventional
surgery”. TNM staging was performed based on the 6"
American Joint Committee on Cancer (AJCC) guidelines,
which groups TNM into non-metastatic (Stage I-II) and
metastatic (Stage III-IV). Pathological grades consisted of
well differentiated and poorly differentiated tumors. The
primary endpoints in this study were OS and cancer-specific
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survival (CSS), with deaths attributed to ANMA the only
parameter included in CSS analysis.

Statistical analysis

Logistic regression analysis was performed to determine the
propensity of patients to undergo chemotherapy. OS and
CSS of patients with different stages and grades of ANMA
were analyzed using log-rank tests after Kaplan-Meier
analyses. On the other hand, prognostic factors for the
cancer were analyzed using univariate and multivariate Cox
analyses. P value <0.05 was considered to be statistically
significant. All statistical analyses were performed using R
software, version 4.0.2 (https://www.r-project.org). The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Results
Demograpbic and clinical characteristics of ANMA patients

Comparative Survival analysis between ANMA and AMA
patients showed that the OS and CSS of ANMA patients
was significantly lower than that of AMA patients (Figure I).
Of the 724 ANMA patients who underwent surgery, 301
of them were put on chemotherapy. Demographic and
clinical characteristics of these patients are summarized in
Table 1. Generally, the likelihood of receiving chemotherapy
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Table 1 Characteristics of patients and the likelihood of receiving post-operative chemotherapy, stratified by demographic factors

Adjuvant chemotherapy
Categories OR (95% Cl) P value
Totals (%) (N=724) No (%) (N=423) Yes (%) (N=301)

Age (years)

<50 146 (20.2) 66 (15.6) 80 (26.6) Reference Reference
50-59 170 (23.5) 84 (19.9) 82 (27.2) 0.81 (0.51-1.26) 0.341
60-69 205 (28.3) 117 (27.7) 88 (29.2) 0.62 (0.40-0.95) 0.029
70-79 125 (17.3) 80 (18.9) 45 (15.0) 0.46 (0.28-0.75) 0.002
>80 82 (11.3) 76 (18.0) 6 (2.0) 0.07 (0.02-0.14) <0.001
Insurance
Any medicaid 47 (6.5) 33(7.8) 14 (4.7) Reference Reference
Insured 507 (70.0) 296 (70.0) 211 (70.1) 1.68 (0.89-3.31) 0.117
Uninsured 30 (4.1) 23 (5.4) 7 (2.3) 0.72 (0.24-2.01) 0.536
Unknown 140 (19.3) 71 (16.8) 69 (22.9) 2.29 (1.15-4.77) 0.022
Sex
Female 356 (49.2) 202 (47.8) 154 (51.2) Reference Reference
Male 368 (50.8) 221 (52.2) 147 (48.8) 0.87 (0.65-1.17) 0.366
Race
Black 91 (12.6) 50 (11.8) 41 (13.6) Reference Reference
White 587 (81.1) 347 (82.0) 240 (79.7) 0.84 (0.54-1.32) 0.453
Other 46 (6.4) 26 (6.1) 20 (6.6) 0.94 (0.46-1.91) 0.861

Marital status

Married 444 (61.3) 234 (55.3) 210 (69.8) Reference Reference

Other 31 (4.28) 27 (6.38) 4(1.33) 0.16 (0.05-0.43) <0.001

Single 249 (34.4) 162 (38.3) 87 (28.9) 0.60 (0.43-0.82) 0.002
Surgery

Hemicolectomy 434 (59.9) 243 (57.4) 191 (63.5) Reference Reference

Others 68 (9.4) 38 (9.0) 30 (10.0) 1.00 (0.60-1.68) 0.987

Appendectomy alone 222 (30.7) 142 (33.6) 80 (26.6) 0.72 (0.51-1.00) 0.05

Disease stages
I-Il (non-metastasis) 418 (57.7) 325 (76.8) 93 (30.9) Reference Reference
llI-IV (metastasis) 306 (42.3) 98 (23.2) 208 (69.1) 7.42 (5.34-10.39) <0.001
Pathological grade
Well differentiation 557 (76.9) 349 (82.5) 208 (69.1) Reference Reference
Poor differentiation 167 (23.1) 74 (17.5) 93 (30.9) 2.10 (1.49-3.00) <0.001
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Figure 2 The trend in patients undergoing post-operative chemotherapy. (A) The 3-year and (B) 5-year survival rates.

decreases with age. At the same time, patients with
metastasis cancers were 7.42 times more likely to receive
chemotherapy, converse to those with non-metastatic
ANMA (95% CI: 5.34-10.39, P<0.001). In addition, patients
with worse pathological differentiation (OR =2.10, 95% CI:
1.49-3.00, P<0.001), who underwent partial colectomy as
opposed to (hemicolectomy) (OR =0.72, 95% CI: 0.51-1.00,
P=0.05), married and those with unknown insurance status
were all more likely to receive chemotherapy.

Tirend in post-operative chemotherapy use and related
survival of ANMA patients

Between 2004 and 2015, the proportion of patients who
received post-operative chemotherapy increased steadily
(Figure 24). However, over the same period, the 3-year
survival rate of ANMA patients decreased slightly, but the
5-year survival rate remained relatively stable (Figure 2B).

Prognostic factors for ANMA

Univariate and multivariate Cox regression analyses
revealed that age at diagnosis, marital status, TNM stage,
type of surgery and pathologic grade were all independent
factors for OS and CSS of ANMA patients (Table 2).
Further multivariate cox regression analyses showed older
age, higher disease stage, worse histological grade and
receiving unconventional surgery were all associated with
poor OS and CSS. In addition, the survival curve revealed
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that patients receiving chemotherapy were more likely
to die than their counterparts (HR =1.60 in OS, 95% CI:
1.28-2.00, P<0.001; HR =1.93 in CSS, 95% CI: 1.51-2.48,
P<0.001) (Figure 3), suggesting that patients undergoing
chemotherapy most likely present with advanced stages
of ANMA. However, multivariate Cox analysis found no
significant difference in OS and CSS between patients who
received or did not receive chemotherapy.

Groups of ANMA patients that benefit from post-operative
chemotherapy

Because the disease stage was the most significant
determining factor for the likelihood to receive
chemotherapy, we further analyzed the effect of
chemotherapy in metastatic and non-metastatic ANMA.
We found that post-operative chemotherapy offered benefit
to ANMA patients with metastatic ANMA (Figure 4), in
which the 3-year OS rate increased from 37.9% to 45.2%,
whereas CSS increased from 38.5% to 45.3%. However,
there was little improvement on the 5-year survival rate
(32.5% to 33.6% for OS and 32.2% to 34% for CSS).
Similar to metastatic status, pathologic grade was another
key determining factor for chemotherapy. As such, we
further analyzed the effectively of chemotherapy under the
two pathological groups. Poorly differentiated, metastatic
ANMA significantly decreased the OS and CSS by more
than two folds, compared with well differentiated, non-
metastatic tumors (Figure 5). For non-metastatic types,
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Table 2 Univariable and Multivariate analysis for the overall and cancer-specific survival of ANMA patients stratified along age, insurance, sex,

race, marital status, disease stage, surgical type, pathologic grade and post-operative chemotherapy

Categories

0os

CSSs

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

Hazard ratio (95% CI)

P value

Hazard ratio (95% CI) P value

Hazard ratio (95% CIl) P value Hazard ratio (95% Cl) P value

Age at diagnosis
<50
50-59
60-69
70-79
>80
Insurance
Any Medicaid
Insured
Uninsured
Unknown
Sex
Female
Male
Race
Black
White
Other
Marital status
Married
Single
Other

Disease stage

I-Il (non-metastasis)

-1V (metastasis)

Surgery
Hemicolectomy

Others

Appendectomy alone

Pathologic grade

Well differentiation

Poor differentiation

Chemotherapy
No

Yes

Reference 1.0
0.90 (0.62-1.31)
1.24 (0.89-1.75)
1.63 (1.14-2.34)

2.05 (1.40-3.00)

Reference 1.0
1.04 (0.66-1.62)
1.20 (0.61-2.36)

0.89 (0.54-1.47)

Reference 1.0

0.82 (0.66-1.03)

Reference 1.0
0.89 (0.64-1.24)

0.70 (0.39-1.27)

Reference 1.0
1.53 (1.21-1.92)
1.22 (0.71-2.11)

Reference 1.0

3.69 (2.92-4.67)

Reference 1.0

1.87 (1.31-2.67)

1.22 (0.95-1.56)

Reference 1.0

2.79 (2.22-3.52)

1.60 (1.28-2.00)

0.587

0.208

0.008

<0.001

0.87

0.6

0.645

0.089

0.492

0.238

< 0.001

0.469

< 0.001

< 0.001

0.12

< 0.001

< 0.001

Reference 1.0
1.18 (0.76-1.85)
1.49 (0.99-2.26)
1.46 (0.93-2.29)

2.76 (1.70-4.50)

Reference 1.0
1.30 (0.79-2.16)
0.95 (0.46-1.95)

Reference 1.0

3.38 (2.56-4.46)

Reference 1.0
1.47 (1.02-2.12)
1.23 (0.95-1.58)

Reference 1.0

1.99 (1.55-2.55)

Reference 1.0

1.03 (0.79-1.37)

0.459

0.059

0.102

< 0.001

0.307

0.893

< 0.001

0.037

0.112

< 0.001

0.788

Reference 1.0
0.87 (0.59-1.27)
1.14 (0.80-1.62)
1.44 (0.97-2.13)

1.72 (1.09-2.71)

Reference 1.0
1.12 (0.66-1.89)
1.14 (0.50-2.60)

1.02 (0.57-1.81)

Reference 1.0

0.77 (0.60-0.98)

Reference 1.0
0.93 (0.64-1.35)

0.77 (0.40-1.47)

Reference 1.0
1.44 (1.11-1.86)
0.79 (0.37-1.69)

Reference 1.0

5.06 (3.85-6.65)

Reference 1.0
1.93 (1.31-2.84)
1.19 (0.91-1.57)

Reference 1.0

3.12 (2.43-4.01)

Reference 1.0

1.93 (1.51-2.48)

0.471

0.464

0.068

0.019

0.678

0.762

0.954

0.036

0.717

0.428

0.005

0.55

< 0.001

<0.001

< 0.001

0.209

<0.001

<0.001

Reference 1.0
1.17 (0.74-1.85)
1.36 (0.89-2.09)
1.38 (0.85-2.23)

2.22 (1.28-3.87)

Reference 1.0
1.26 (0.75-2.12)
0.86 (0.36-2.06)

Reference 1.0

4.49 (3.26-6.18)

Reference 1.0
1.65 (1.11-2.45)

1.22 (0.93-1.62)

Reference 1.0

2.05 (1.58-2.68)

Reference 1.0

0.97 (0.72-1.31)

0.501

0.153

0.194

0.005

0.387

0.732

<0.001

0.013

0.155

<0.001

0.866

ANMA, appendiceal non-mucinous adenocarcinomas; OS, overall survival; CSS, cancer-specific survival.
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Figure 3 Overall and cancer-specific survival rates of ANMA patients receiving or otherwise on post-operative chemotherapy (A) overall

and (B) cancer-specific. ANMA, appendiceal non-mucinous adenocarcinomas.

the impact of pathologic grade was insignificant. We
further assessed the prognostic value of post-operative
chemotherapy between these four groups of patients
(metastatic verses non metastatic and well differentiated
verses poorly differentiated). We found post-operative
chemotherapy only offers significant benefits to patients
with both metastatic and well differentiated ANMA. The
3-year OS for this group of patients increased from 47.8%
to 57.5%, whereas the CSS increased from 49.8% to 58.1%.
Meanwhile, the 5-year OS increased from 38.7% to 47.8%,
whereas CSS increased from 39.3% to 48.1% (Figure 6).
Notably, regardless of metastatic status, chemotherapy
offers no significant benefit in poorly differentiated tumors.
It’s worth mentioned that patients with Stage III ANMA
had lymphatic metastases and patients with Stage IV
ANMA had widespread metastases, so they may receive
different post-operative chemotherapy projects. Thus, we
further explored the benefit on survival for both of them in
the context of well differentiate histology. We found post-
operative chemotherapy only offers significant benefits to
patients with well differentiated Stage IV ANMA (Figure 7).
Especially, the 3-year OS for this group of patients
increased from 29.2% to 41.1%, whereas the CSS increased
from 29.2% to 40.7%. Meanwhile, the 5-year OS increased
from 21.9% to 29.7%, whereas CSS increased from 21.9%
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to 28.7%. The effect of post-operative chemotherapy on
the survival rate in each group of patients is summarized in

Table 3.

Discussion

In general, ANMA patients suffer significantly poor
prognosis than their AMA counterparts. Multiple studies
have reported on advances in AMA treatment (24-26).
Currently, CRS and hyperthermic intraperitoneal
chemotherapy (HIPEC) have been shown to offer best
treatment for AMA (27-29). However, the management of
ANMA patients remains a challenge. For instance, even
though surgery is the undisputed preferred treatment, the
preferential use of post-operative chemotherapy regimen
in ANMA patients remains controversial, thanks to limited
systematic clinical studies on the cancer. In this research,
metastasis and poor pathological differentiation were the
most significant factors for poor prognosis, consistent with
previous findings (14). Multivariate Cox analysis combining
the disease stage and pathology grade showed that post-
operative chemotherapy offered no survival advantage to
ANMA patients (Table 2).

According to NCCN, chemotherapy for ANMA should
be administered in line with colon cancer guidelines, which

Ann Palliat Med 2021;10(5):5156-5170 | http://dx.doi.org/10.21037/apm-20-2233
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Figure 4 Survival of ANMA patients receiving or not receiving post-operative chemotherapy stratified along disease stage (A,B) overall and

(C,D) cancer-specific (A,C non-metastasis; B,D metastasis). ANMA, appendiceal non-mucinous adenocarcinomas.

recommends post-operative chemotherapy for patients
with Stage III-IV (metastasis) or with palpable risk factors
(17,30,31). According to our analysis, ANMA patients with
metastasis were 7.42 times more likely to receive post-
operative chemotherapy than those with non-metastatic
types. This underlines the sameness in the rationale for
chemotherapy in colorectal cancer and ANMA (17). Thus,
we further analyzed the survival benefit of chemotherapy

© Annals of Palliative Medicine. All rights reserved.

based on tumor stage. For the non-metastasis group, post-
operative chemotherapy offered no survival advantage, but
it seemingly benefited patients with metastatic tumors. Even
so, it did not significantly improve the 5-year survival rate
of patients. In addition, patients with poorly differentiated
tumors were 2.10 times more likely to receive post-
operative chemotherapy, compared to their counterparts.
Considering that ANMA is highly heterogenous,

Ann Palliat Med 2021;10(5):5156-5170 | http://dx.doi.org/10.21037/apm-20-2233



5164
A Overall survival
1.004
0.754
z
3
©
Qo
]
% 0501 Cox HR 1.32 (95% CI 0.80-2.18, P=0.269)
2
B
3
0.25+ Cox HR 2.49 (95% Cl 1.89-3.26, P<0.001)
0.00- Cox HR 5.61 (95% CI 4.25-7.42, p<0.001)
o ZTS é 75 Ib 1é.5
Time (year)
2 Number at risk
£
2 3N 264 148 82 33 3
& 1 186 89 50 32 12 3
5 I 47 31 22 11 6 0
g v 120 34 14 6 2 1
(% 0 25 75 10 125

5 4
Time (year)

Yu et al. Chemotherapy in appendiceal non-mucinous cancer

B Cancer-Specific survival
1.00+
0.751 —
z
-
-g Cox HR 1.56 (95% Cl 0.84-2.90, P=0.160)
& 0504
2
2
(3 Cox HR 3.90 (95% CI 2.82-5.40, P<0.001)
0.25+
0.00- Cox HR 8.90 (95% ClI 6.40-12.38, P<0.001)
0 2.‘5 5 7'5 1'0 1é5
Time (year)
2 Number at risk
c
£ 1 339 241 137 77 30 3
& o177 85 47 30 11 3
BN 41 30 21 11 6 0
2 v 115 32 13 5 2 1
(% 0 25 75 10 125

5 L
Time (year)

Group of Patients

I: Non-metastasis + Well Differentiation
II: Metastasis + Well Differentiation

Ill: Non-metastasis + Poor Differentiation
IV: Metastasis + Poor Differentiation
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histological grade may also guide the administration of post-
operative chemotherapy. Therefore, we further analyzed
the prognostic benefit of post-operative chemotherapy on
well-differentiated vs. non-well-differentiated tumors, along
the metastatic and non-metastatic stratus. We found post-
operative chemotherapy only benefited patients with both
metastatic and well-differentiated ANMA tumors.
According to the 6" editions of AJCC staging system
for appendix cancer, patients with Stage III had lymphatic
metastases and patients with Stage IV had widespread
metastases. Typically, patients with Stage III ANMA
undergo RO (curative) surgery and are more likely to
receive adjuvant chemotherapy, whereas Stage IV patients
usually undergo R2 surgery and are more likely to be given
conventional chemotherapy. Therefore, we evaluated the
benefits of surgery combined with chemotherapy for specific
types of patients with metastatic ANMA, as they may
receive different chemotherapy regimens. Our study showed
that in post-operative patients with well-differentiated
ANMA, the Stage IV patients get both of longer OS and
CSS from chemotherapy, the Stage IIIB patients only show
an improved OS, and other patients did not benefit from
chemotherapy. Thus, the adjuvant chemotherapy may have
a limited improvement in patient prognosis, but performing

© Annals of Palliative Medicine. All rights reserved.

conventional chemotherapy is effective for patients with
distant metastatic well-differentiated ANMA.

Although one single-center study suggested that
adjuvant chemotherapy was highly beneficial against poor-
differentiated appendiceal cancer, the evaluation was
only performed on patients who underwent CRS, with
no additional evaluation along ANMA subtypes (32).
In addition, one previous study revealed that adjuvant
chemotherapy had no significant prognostic benefit for
AMA patients with metastasis and well-differentiated
tumors (13), comparable to our findings. This underlines
the inherent differential response of various appendiceal
adenocarcinoma subtypes to chemotherapies.

Unfortunately, based on SEER database, effective
chemotherapy regimens are still lacking, similar to appendix
cancer. Meanwhile, a next-generation sequencing based
study revealed that the mutational profile of ANMA was
comparable to that of CRC, which share alteration in
TP53, KRAS, BRAF and PIK3CA genes (33). Therefore,
S-fluorouracil-based chemotherapy regimens, used against
CRC, have been widely adopted for ANMA, guided by
genetic rational between the two cancers (34). In addition,
the predictive value of microsatellite instability (MSI)
pertaining chemotherapy is significant, particularly in

Ann Palliat Med 2021;10(5):5156-5170 | http://dx.doi.org/10.21037/apm-20-2233
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Table 3 The survival period of ANMA patients stratified along disease stage and pathological grade

0os CSS
Patient stratification Chemotherapy n N :/_iz:;?[%) N :':I.iz//:?{%) Chemotherapy n N Sv}zl,:?(r%) 5-yea(r ;);Jrvival
Disease stage
I-Il (non-metastasis) Yes 93 83.1 72.8 Yes 88 87.8 81.1
No 325 83.4 74.8 No 292 85.9 74.8
-1V (metastasis) Yes 208 45.2 33.6 Yes 203 45.3 34
No 98 37.9 325 No 89 38.5 32.2
Disease stage and pathologic grade
Non-metastasis + well Yes 83 84.1 721 Yes 78 87.3 74.3
differentiation No 288 84.9 76 No 261 88.4 82
Metastasis + well differentiation Yes 10 76.2 76.2 Yes 10 76.2 76.2
No 37 71.5 64.9 No 31 82.6 74.5
Non-metastasis + poor Yes 125 57.5 47.8 Yes 122 58.1 48.1
differentiation No 61 478 38.7 No 55 49.8 39.3
Metastasis + poor differentiation Yes 83 26.5 12.6 Yes 81 25.8 13
No 37 21.7 21.7 No 34 20.5 20.5
Metastasis in well differentiate ANMA
Stage IlI Yes 68 722 63.9 Yes 67 73.3 65.0
No 31 64.4 53.6 No 25 72.0 58.5
Stage IV Yes 30 41.1 29.7 Yes 30 40.7 28.7
No 57 29.2 21.9 No 55 29.2 21.9

ANMA, appendiceal non-mucinous adenocarcinomas; OS, overall survival; CSS, cancer-specific survival.

5-fluorouracil resistant cancers (35). Therefore, CRC MSI
was divided into MSI high (MSI-H) and low (MSI-L),
where patients with MSI-H CRC were found to be more
responsive to chemotherapy, thus exhibit better prognosis.
MSI was also significant in appendiceal malignant tumors,
albeit at 2.8% (36). Meanwhile, Angélica et al. reported
that after surgery, patients with appendix cancer exhibiting
MSI benefited from 10 cycles of FOLFOX post-operative
chemotherapy. This demonstrates that MSI pattern in
appendix cancer may guide the choice of chemotherapy (37).
A separate study found that VEGF expression is associated
with poor prognosis of appendix cancer, supporting the role
of anti-VEGF therapy (38). Recently, one retrospective
study showed that bevacizumab, an anti-VEGF agent
approved in combination with chemotherapy in CRC, when
combined systemic chemotherapy, can benefit patients with
appendix cancer but who cannot undergo surgery (39).

© Annals of Palliative Medicine. All rights reserved.

Overall, our study provides an intriguing revelation, upon
which further clinical trials should built, with the aim of
improving ANMA treatment. Because ANMA is a rare
cancer, collaborative research may provide large informative
data within a shorter period.

Being a retrospective study, our research suffered
several limitations. First, our study may be subject to
selection bias, because the majority of the patients in
this study were drawn from one population. Second, the
response to chemotherapy may be influenced by other
confounding factors of underlying medical conditions such
as hypertension or diabetes that may influence the choice
of post-operative chemotherapy. Third, due to the rarity of
appendix cancer, we only analyzed less than 1,000 cases. As
such, the small sample size may overestimate the statistical
findings. In addition, the SEER database lacked information
on duration, sequence and specific chemotherapy regimen.
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Limitations notwithstanding, ANMA is a rare disease,
which constrains collection of adequate data for strong
statistical analyses. Even so, our study provides preliminary
findings to guide the rationale in the application of post-
operative chemotherapy in ANMA patients.

Conclusions

Taken together, disease stage and pathological grade
impacts on the management of ANMA, particularly on
the choice of post-operative chemotherapy. Based on the
findings of this research, we report that only patients with
well differentiated and widespread metastatic ANMA can
benefit from post-operative chemotherapy. Nonetheless,
more prospective multidisciplinary and collaborative clinical
trials are necessary to fully understand the pathological
signature of ANMA that may effectively respond to this
therapy.
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