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ABSTRACT
Objective  Although appendiceal cancer remains a rare 
gastrointestinal malignancy compared with colorectal 
cancer, incidence rates of appendiceal cancer have 
increased in the last two decades. Appendiceal and cecal 
adenocarcinomas have distinct genomic profiles, but 
chemotherapy protocols for these malignancies are the 
same and survival outcomes between them have not 
been compared extensively. To this end, we conducted a 
comparative survival analysis of appendiceal and cecal 
adenocarcinomas.
Design  Using the Surveillance, Epidemiology and End Results 
(SEER) database, we identified individuals ≥30 years of age 
with appendiceal or cecal adenocarcinoma from 1975 to 
2016. Demographic, clinical and county-level socioeconomic 
data were extracted using SEER*Stat software. Survival was 
compared by Mantel-Haenszel log-rank test, and survival 
curves were generated using the Kaplan-Meier method. 
Relative HRs for death in the 5-year period following diagnosis 
were calculated using multivariable Cox regression analysis, 
adjusted for all other covariates. The significance level was set 
at p<0.05 for two-tailed tests. Data were analysed using SAS 
V.9.4 and R software.
Results  We identified 6491 patients with appendiceal 
adenocarcinoma and 99 387 patients with cecal 
adenocarcinoma. Multivariable Cox regression analysis 
demonstrated significantly higher cancer-specific and 
overall survival in appendiceal adenocarcinoma compared 
with cecal adenocarcinoma. Male sex, older age, earlier year 
of diagnosis, black race, single marital status, non-Hispanic 
ethnicity, and non-mucinous histology were associated with 
increased mortality rates. In addition, counties with lower 
percentage of individuals below the poverty line and higher 
colorectal cancer screening rates had better survival.
Conclusion  This is the first study to show greater survival 
in appendiceal adenocarcinoma compared with cecal 
adenocarcinoma. We also highlighted novel associations 
of county-level socioeconomic factors with increased 
mortality in appendiceal adenocarcinoma. Future efforts 
to develop targeted molecular therapies and reduce 
socioeconomic barriers to diagnosis and treatment are 
warranted to improve survival.

INTRODUCTION
Although appendiceal malignancies are 
rare, their incidence in the USA has steadily 

increased in the past two decades to 1–2 
per million person-years despite stable 
rates of appendectomies.1–3 Previous large 
population-based studies have identified key 
demographic and clinical prognostic factors 
associated with survival in patients with 
appendiceal malignancies, including age, 
race, marital status, histological type, tumour 
stage, tumour grade, lymph node resection, 
chemotherapy and surgical intervention.1 4–10 
These variables have been used to construct 
prognostic nomograms that predict overall 
mortality and disease-specific survival.11 12

Recent molecular profiling studies have 
provided novel insights into the genetic 
underpinnings of appendiceal cancer.13–16 
Genetic heterogeneity exists among different 
histological types of appendiceal tumours, 
including mucinous adenocarcinoma 
(MAC), non-MAC (NMAC), signet-ring cell 
carcinoma (SRCC), goblet cell carcinoid 
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and pseudomyxoma peritonei. In addition, although the 
appendix is embryologically derived from the cecum, 
appendiceal and colorectal cancers (CRC) have distinct 
genetic profiles.14–16 These discoveries are notable given 
that no standard chemotherapy guidelines exist specifi-
cally for advanced appendiceal cancers unamenable to 
surgery, which are currently treated with CRC chemo-
therapy protocols.17 18

The incidence rate of CRC at 25–30 per 100 000 
person-years is much higher than that of appendi-
ceal cancer, although it has declined over recent years 
due to an increased uptake in CRC screening and risk 
factor modifications such as smoking, diet and physical 
activity.19 While the incidence trend of cecal adenocarci-
noma itself is not detailed in the literature, cecal tumours 
are estimated to account for 20% of CRC cases.20 Recent 
genomic studies have also demonstrated that CRC 
tumour location is associated with differences in molec-
ular alterations. For example, cecal adenocarcinoma 
carries a higher frequency of KRAS mutations compared 
with non-cecal right-sided colon adenocarcinoma.21

Despite differences in genetic profiles, survival 
outcomes between appendiceal and colon cancer have 
not been compared extensively. One retrospective study 
showed that 5-year disease-free survival rates were lower 
in appendiceal adenocarcinoma than in colon adeno-
carcinoma.22 However, these findings excluded meta-
static cases and were limited by a small sample size of 
appendiceal malignancies, precluding consideration 
of important demographic, clinical and socioeconomic 
factors. To this end, we conducted a comparative survival 
analysis of appendiceal and cecal adenocarcinomas using 
US survival data from the Surveillance, Epidemiology 
and End Results (SEER) database.

METHODS
We used the SEER database (https://seer.cancer.gov/) to 
identify individuals aged 30 years or older diagnosed with 
appendiceal or cecal adenocarcinoma from 1975 to 2016. 

Demographic, clinical and county-level socioeconomic 
data were extracted using SEER*Stat software. Demo-
graphic covariates included sex, age at diagnosis, year 
of diagnosis, race, ethnicity and marital status. Clinical 
data consisted of primary cancer site, tumour histology, 
tumour stage, tumour grade, surgery, chemotherapy 
and survival. County-level socioeconomic data included 
population percentages of the following: smokers, 
college education, minority, urban, foreign-born, below 
the poverty line and CRC screening adherence.

Survival curves were generated using the Kaplan-Meier 
method, and survival was compared by the Mantel-
Haenszel log-rank test. Relative HRs for death in the 
5-year period following diagnosis were calculated using 
multivariable Cox regression analyses, adjusted for all 
other covariates. The level of significance was set at 
p<0.05 for two-tailed tests. Data were analysed by using 
SAS V.9.4 and R software.

RESULTS
Our study consisted of 6491 appendiceal adenocarcinoma 
cases with 3602 MACs, 2235 NMACs, and 654 SRCCs, and 
99 387 cecal adenocarcinoma cases with 13 136 MACs, 84 
812 NMACs and 1439 SRCCs from the SEER database. 
Distributions of demographic and clinical data for each 
type of malignancy are provided in online supplemental 
table 1. The 5-year cancer-specific and overall survival 
curves for appendiceal and cecal adenocarcinomas are 
shown in figure 1.

Multivariable Cox regression analyses were conducted 
to assess independent associations of demographic, 
clinical and county-level socioeconomic covariates with 
5-year cancer-specific mortality rates (table 1) and overall 
mortality rates (online supplemental table 2) adjusted 
for all other covariates. Compared with cecal adenocar-
cinoma, appendiceal adenocarcinoma had better cancer-
specific (HR 0.71; p<0.001) and overall survival (HR 0.71; 
p<0.001). Male sex, older age, earlier year of diagnosis, 
black race and non-Hispanic ethnicity were significantly 

Figure 1  Five-year cancer-specific and overall survival for appendiceal and cecal adenocarcinomas.
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Table 1  Demographic, clinical and county-level socioeconomic factors associated with 5-year cancer-specific survival in 
appendiceal and cecal adenocarcinoma using multivariable Cox regression analysis

Variable Category HR 95% CI P value

Sex Male 1

Female 0.90 0.88 to 0.92 <0.001

Age quartile Quartile 1: ≤61 1

Quartile 2: >61 and ≤72 1.16 1.13 to 1.20 <0.001

Quartile 3: >72 and ≤81 1.29 1.25 to 1.33 <0.001

Quartile 4: >81 1.68 1.63 to 1.74 <0.001

Year of diagnosis 2005–2016 1

1991–2005 1.30 1.26 to 1.33 <0.001

1975–1990 1.57 1.50 to 1.64 <0.001

Race White 1

Asian/Pacific Islander/American 
Indian/Alaska Native

0.94 0.89 to 0.98 0.007

Black 1.15 1.11 to 1.19 <0.001

Ethnicity Non-Hispanic 1

Hispanic 0.95 0.91 to 0.99 0.008

Marital status Married 1

Divorced 1.16 1.12 to 1.21 <0.001

Separated 1.06 0.98 to 1.16 0.17

Never married 1.15 1.11 to 1.19 <0.001

Widowed 1.09 1.06 to 1.12 <0.001

Unmarried or domestic partner 0.76 0.44 to 1.31 0.33

Unknown 1.03 0.98 to 1.09 0.22

Tumour location Cecum 1

Appendix 0.71 0.68 to 0.74 <0.001

Histology Non-mucinous 1

Mucinous 0.93 0.90 to 0.96 <0.001

Signet-ring cell 1.25 1.18 to 1.33 <0.001

Stage Local 1

Regional 3.55 3.39 to 3.72 <0.001

Distant 14.06 13.39 to 14.76 <0.001

Unknown 4.53 4.31 to 4.76 <0.001

Grade I: Well differentiated 1

II: Moderately differentiated 1.35 1.29 to 1.41 <0.001

III: Poorly differentiated 2.05 1.96 to 2.15 <0.001

IV: Undifferentiated; anaplastic 2.31 2.15 to 2.50 <0.001

Unknown 1.46 1.39 to 1.53 <0.001

Surgery Surgery 1

No surgery 2.88 2.79 to 2.97 <0.001

Unknown 2.99 2.67 to 3.36 <0.001

Chemotherapy Chemotherapy 1

No chemotherapy/unknown 1.00 0.97 to 1.02 0.82

Per cent smokers >50th percentile 1.01 0.98 to 1.04 0.38

<50th percentile 1

Per cent college education >50th percentile 0.99 0.97 to 1.02 0.59

<50th percentile 1

Per cent minority >50th percentile 1.04 0.96 to 1.07 0.05

<50th percentile 1

Continued
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associated with higher mortality. Those who were divorced, 
never married, widowed or with domestic partners had 
worse survivorship compared with married individuals. 
With regard to clinical characteristics, NMAC was associ-
ated with worse survival than MAC but improved survival 
compared with SRCC. Advanced tumour stage (HR 
14.06; p<0.001) and grade (HR 2.31; p<0.001) exhibited 
higher mortality, as did lack of surgical intervention (HR 
2.88; p<0.001). Lack of chemotherapy was significantly 
associated with worse overall survival (HR 1.10; p<0.001) 
(online supplemental table 2) but not cancer-specific 
survival (HR 1.00; p=0.05) (table 1). In addition, we anal-
ysed associations of county-level socioeconomic factors 
with survival and found improved survival in counties 
with lower percentage of individuals below the poverty 
line (HR 1.06; p=0.0002) and higher CRC screening 
rates (HR 0.94; p<0.001). Smoking, college education, 
percentage of minority population, percentage of urban 
population and percentage of foreign-born population 
were not associated with mortality risk at a county level.

DISCUSSION
In this largest comparative survival study of appendiceal 
and cecal cancers to date, we demonstrated that appen-
diceal adenocarcinoma is associated with improved 
survival outcomes compared with cecal adenocarcinoma. 
To our knowledge, only one other study has investigated 
differences in mortality between appendiceal and colon 
cancer.22 In contrast to our findings, Son et al found 
that 5-year disease-free survival was lower in appendi-
ceal adenocarcinoma, perhaps in part due to a higher 
perforation rate associated with appendiceal tumours. 
This disparity may be explained by differences in study 
design as their analysis consisted of a smaller sample size 
of appendiceal tumours (n=47 compared with n=6491 
in our study), measured disease-free survival rather than 
overall or cancer-specific survival, included only patients 
with appendiceal adenocarcinoma who underwent cura-
tive resection, and excluded metastatic disease. In addi-
tion, while Son et al included both proximal and distal 
colon adenocarcinomas, we limited our analysis to cecal 
adenocarcinoma given the close anatomical proximity to 

the appendix and their shared embryonic origin from 
the cecal diverticulum.22

Lower mortality rates associated with appendiceal 
adenocarcinoma may be related to differences in initial 
clinical presentation and tumour molecular profiles. 
Although the incidence of appendiceal cancer observed 
in appendectomies is rare, almost one-third of appendi-
ceal cancer cases present as acute appendicitis,23 which 
may prompt early surgical resection leading to better 
prognosis compared with cecal cancer. In addition, 
recent genomic profiling studies have shown differing 
genetic mutation frequencies between appendiceal and 
colon cancers.14–16 Appendiceal tumours exhibit higher 
mutation rates in KRAS and GNAS and lower mutation 
rates in TP53, APC and PIK3CA compared with colon 
tumours. Differences in molecular characteristics also 
exist among various histological types of appendiceal 
adenocarcinoma. In particular, TP53 mutations are more 
commonly found in NMAC than in MAC, whereas MAC 
harbours a higher frequency of GNAS mutations.14 Given 
that TP53 mutations have been shown to be associated 
with worse overall survival compared with TP53 wild-type 
tumours and GNAS mutations are known to confer better 
prognosis relative to GNAS wild-type tumours,14 these 
differences in genetic mutation profiles may contribute 
to the improved survival observed with appendiceal 
cancer and MAC in comparison to cecal cancer and 
NMAC, respectively. Moreover, recognising these unique 
genomic features and their effects on downstream mech-
anistic pathways are critical to the development of future 
chemotherapy regimens tailored to treating appendiceal 
cancer.

Our study validated demographic and clinical factors 
previously reported to be associated with survival in 
appendiceal cancer in large population-based studies.4–9 
Female sex, younger age, later year of diagnosis, white 
race and married marital status were significantly asso-
ciated with lower mortality. Holowatyj et al previously 
reported that among individuals younger than 50 years 
of age diagnosed with appendiceal cancer, non-Hispanic 
black patients had poorer survival compared with non-
Hispanic white and Hispanic patients.9 This was similar 

Variable Category HR 95% CI P value

Per cent urban population >50th percentile 0.99 0.96 to 1.01 0.25

<50th percentile 1

Per cent foreign-born population >50th percentile 0.97 0.94 to 1.03 0.06

<50th percentile 1

Per cent below poverty line >50th percentile 1.06 1.03 to 1.09 0.0002

<50tthpercentile 1

Per cent colorectal cancer 
screening

>50th percentile 0.94 0.92 to 0.96 <0.001

<50th percentile 1

Significant p values are shown in bold.
*The significance level was set at p<0.05.

Table 1  Continued
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to our findings, where black race was associated with 
worse survival in appendiceal adenocarcinoma regard-
less of age, further suggesting interracial differences in 
key clinical and socioeconomic factors such as tumour 
molecular profiles and healthcare access. In addition, 
Hispanic individuals had improved survival compared 
with non-Hispanics, which has been previously reported 
in CRC but is a novel finding for appendiceal cancer.3 24 
Similar to previous studies, we found SRCC had worse 
survival than both MAC and NMAC while MAC was asso-
ciated with lower mortality compared with NMAC.1 10 Not 
surprisingly, advanced tumour stage and grade exhib-
ited higher mortality rates, while surgical intervention 
was associated with improved survival. Chemotherapy 
was significantly associated with greater overall survival 
but not cancer-specific survival, raising the possibility 
that current chemotherapy protocols are inadequately 
targeting key molecular pathways by not accounting for 
differences in genomic profiles between appendiceal and 
colon cancers.

Socioeconomic factors related specifically to appendi-
ceal cancer have not been studied extensively. One retro-
spective study of individuals with appendiceal cancer with 
peritoneal metastases found that those with low socioeco-
nomic status, assessed via the area deprivation index, 
were less likely to receive cytoreductive surgery and hyper-
thermic intraperitoneal chemoperfusion (CRS HIPEC) 
treatment.25 In addition, among patients who received 
CRS HIPEC, those with low socioeconomic status had 
worse overall survival.25 In our study, counties with higher 
percentage of individuals below the poverty line and 
lower CRC screening rates had a higher mortality risk. 
Given that CRC screening may serve as surrogate marker 
for income status as well as healthcare literacy and access, 
our findings highlight important socioeconomic factors 
that may lead to survival disparities.

We acknowledge several limitations of our study 
inherent to the SEER database, including its retro-
spective design limiting the inference of causality and 
lack of pertinent clinical data such as comorbidities, 
specific chemotherapy regimens and postoperative 
complications. Our study also included a larger sample 
size of cecal adenocarcinoma compared with appendi-
ceal adenocarcinoma, although this is reflective of the 
substantially rarer incidence of appendiceal cancer. In 
addition, our association analyses of socioeconomic 
factors with survival involved county-level data, which 
precludes drawing definitive conclusions at the indi-
vidual level. Nonetheless, our well-powered study, 
strengthened by the large number of cancer cases and 
extensive data collection period, demonstrated better 
prognosis associated with appendiceal adenocarcinoma 
compared with cecal adenocarcinoma. Further investiga-
tion of the unique molecular mechanisms and potential 
therapeutic targets underlying appendiceal malignan-
cies as well as socioeconomic barriers to diagnosis and 
treatment is critical to identifying individuals at risk for 
worse survival outcomes.
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