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Abstract

Background There is limited knowledge about the epidemiology of the major histological subtypes of appendiceal
malignancy: adenocarcinoma and neuroendocrine neoplasm of the appendix (A-NEN). The aims of this national
cohort study were to assess the prevalence, incidence and trends of appendiceal malignancies in Sweden.

Method All individuals who underwent appendicectomy and all diagnosed with appendiceal malignancy from 1970
to 2012 were identified from the National Patient Register and the Swedish Cancer Registry. Demographic data of the
background population were obtained from Statistics Sweden. The incidence rate (IR) and the prevalence of
appendiceal malignancy per performed appendicectomy were calculated.

Results We identified 3774 patients with appendiceal malignancy. IR of A-NEN was 5.8/10° person-years with a
peak of 8.4/10° at age 20-30 years, whereafter it plateaued at a somewhat lower level. IR for adenocarcinoma was
3.7/10° person-years, starting at a very low level among the youngest and increasing to 15.4/10° at age 80—89 years.
The IR of adenocarcinoma increased from 2.6/10° in 1970-1979 to 5.4/10° in 2010-2012. The IR of A-NEN was
stable during the study period. The prevalence per appendicectomy was low for both types of malignancies among
the young but increased with age, most dramatically for adenocarcinoma. There was a trend during the study period
towards more extensive surgery.

Conclusion Adenocarcinoma is most common and increasing in the elderly, whereas A-NEN affects all ages with a
peak in young age. This peak probably reflects removal of occult A-NEN due to the higher appendicectomy
frequency in the young.
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Malignancies of the vermiform appendix are rare and
heterogeneous. The two predominant histopathological
subtypes are appendiceal neuroendocrine neoplasms (A-
NEN) and adenocarcinoma, both with distinct biological
behaviour [1, 2].

Current knowledge about the epidemiology of these
malignancies is scarce. The estimated incidence of primary
appendiceal malignancies varies enormously between 0.02
and 9.7 per million person-years in reports from USA,
Iceland and the Netherlands [3-9]. There are indications
that the incidence of both A-NEN and adenocarcinoma of


http://orcid.org/0000-0002-8142-9460
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-020-05758-x&amp;domain=pdf
https://doi.org/10.1007/s00268-020-05758-x

World J Surg (2020) 44:4086-4092

4087

the appendix has increased over the last decades
[4, 5,9, 10].

The majority of patients with appendiceal malignancies
present with acute abdomen and many of them with a
clinical presentation similar to acute appendicitis [1].
Routine histology of all appendix specimen is recom-
mended as many cases are not discovered pre- and intra-
operatively [11]. This may however lead to the diagnosis of
incidental A-NEN with no clinical importance [3].

Appendiceal malignancies are rare, and most surgeons
will have very limited experience of this disease. Appen-
diceal malignancy should be considered when selecting
management strategy for patients with suspected appen-
dicitis, especially since studies of conservative treatment
with antibiotics for appendicitis have shown a high number
of malignancies in these patients [4]. Knowledge of a
patients risk for appendiceal malignancy augments the on-
call surgeons capability of making sound clinical choices
when managing patients with suspected appendicitis.

As some appendiceal malignancies may be of an inci-
dental character, we hypothesize that the high incidence of
appendectomies in children and young adults would have
an impact on the incidence rate of those malignancies. The
aims of this study were to assess the incidence and tem-
poral trends of appendiceal malignancies in Sweden. We
also analysed the age-specific prevalence of malignancy at
appendicectomy in Sweden.

Methods
Study population

The Swedish National Board of Health and Welfare
maintains the National Patient Register (NPR) and the
Swedish Cancer Registry (SCR). These registers contain
data on diagnoses and interventions for all hospital
admissions and specialist outpatient visits as well as
localization and histopathological characteristics of all
malignancies diagnosed in Sweden. These registries can be
linked using the national identification number that
uniquely identifies all Swedish residents.

The SCR uses histology codes WHO/HS/CANC/24.1.
Using the ICD-7 code 153.4 for the localization of the
malignancy together with histology codes for neuroen-
docrine neoplasms (e086) and adenocarcinoma (€096) from
the SCR, we identified a cohort of all patients in Sweden
with a diagnosis of appendiceal neuroendocrine neoplasms
(A-NEN) and appendiceal adenocarcinoma from 1970 to
2012. Adenocarcinoma (e096) includes adenocarcinomas
regardless of growth pattern, including the rarer mucinous
malignancies and Goblet cell adenocarcinomas (previously
called Goblet cell carcinoid) [5]. A-NEN include mainly

well-differentiated neuroendocrine tumours (A-NET), but
also the rarer poorly differentiated neuroendocrine carci-
nomas (A-NEC) and mixed neuroendocrine—non-neuroen-
docrine neoplasms (MiNENs). These subgroups can be
found using ICD-O3 codes, which were introduced in the
SCR from 2005 and onwards.

All hospital admissions are recorded in the NPR with
details on diagnoses, performed procedures and admission
dates. Open and laparoscopic operations were defined
using ICD-9 and ICD-10 codes as appendectomy (JEAQO,
JEA10, JEAOI1, 4510, 4511, 0058), ileocecal resection
(JFB20, JFB21, 4642) and right hemicolectomy (JFB30,
JFB31, 4641). Primary surgery was defined as the first
registered operation in association with the cancer diag-
nosis. Secondary surgery was defined as completion of
ileocecal resection or right hemicolectomy within 90 days
after the primary operation.

Background and reference populations

Data on the composition of the Swedish population were
obtained from the public database provided by Statistics
Sweden [12]. Unless otherwise stated, all reported inci-
dence rates are directly standardized for sex and age in
10-year intervals to the Swedish population during the
study period. In addition, we estimated incidence rates with
standardization to the US 2000 Standard Million popula-
tion to allow comparisons with previous studies [13].
Incidence was illustrated graphically in 5-year intervals to
give a more detailed picture.

For the estimation of the prevalence of appendiceal
malignancies per appendicectomy, all patients in the NPR
with an appendicectomy (procedural codes 4510, 4511,
4517, JEAO0O, JEAO1, JEA10) from 1980 to 2012 were
identified. As complete nationwide coverage of this register
was reached only from 1987, only malignancies diagnosed
in patients from areas that were fully covered by the reg-
ister before 1987 were included in these estimates.

Statistical analysis

The incidence rates (IRs) of A-NEN and adenocarcinoma
were estimated and adjusted for age, sex and year of
diagnosis using direct standardization. Incidence-rate ratios
(IRRs) were estimated using Poisson regression. The
association of cancer stage with age was analysed by
stratifying the patients in terciles of age. The correlation
between cancer stage and age was tested using Fisher’s
exact test and Kendall’s rank correlation test. Change in
operative management over time was assessed with the
Chi-square test. Statistical tests were two-sided, and a
p value of less than 0.05 was considered to indicate sta-
tistical significance.
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Stata 15.1 (StataCorp, College Station, TX, USA) was
used for all statistical analysis.

Results

A total of 3774 patients with appendiceal malignancy
diagnosed between 1970 and 2012 were identified from the
registries. After exclusion of 236 patients with histology
codes other than €096 or e086, the study included 2171
patients with A-NEN and 1367 with adenocarcinoma.
Using ICD-03 codes, we identified 15 Goblet cell adeno-
carcinomas (3.6% of adenocarcinomas) as well as 16
MiINENs (3.4% A-NEN) diagnosed from 2005 and
onwards.

This corresponds to IR 5.8 for A-NEN and 3.7 for
adenocarcinoma per million person-years, respectively, for
the whole study period (Table 1). The overall IR stan-
dardized to the US 2000 Million Standard population was
5.7 and 3.1 per million person-years, respectively. The
incidence of A-NEN was unchanged during the study
period, whereas IR of adenocarcinoma increased from 2.6/
10° to 5.4/10° (p < 0.001) (Table 1).

Table 1 Incidence of appendiceal malignancy

Age- and sex-specific incidence rate

A-NEN was more common in women (IR 7.5/ 106) than in
men (IR 4.2/10%; p < 0.001), while the incidence of ade-
nocarcinoma did not differ between men and women (IR
3.6/10° and 3.7/10°, respectively; p = 0.482) (Table 1).
Two distinctly different patterns of age-specific IR were
observed between the malignancy types (Fig. 1). A-NEN
occurred in all ages with a peak incidence at age
20-29 years (8.4/10°). By contrast, adenocarcinoma was
non-existent in childhood whereafter the incidence
increased steadily with age reaching its top level at age
80-89 years (15.4/10°).

Prevalence per appendicectomy

Appendicectomy was performed in 381,858 patients
between 1980 and 2012. Appendiceal malignancy was
diagnosed in 2937 (0.8%) patients, equalling a prevalence
of one malignancy per 130 appendicectomies. The age-
specific prevalence of A-NEN per appendicectomy
increased slowly starting already at the lowest ages
(Fig. 2). Adenocarcinoma was an uncommon finding per

Adenocarcinoma A-NEN

n Adjusted IR*  CI Adjusted IRR  p value »n Adjusted IR*  CI Adjusted IRR  p value
Age group
0 0 0 - - 28 6.2 39-85 0.1 <0.001
10 7 0.1 0.04-0.3 0.12 <0.001 343 73 6.6-8.1 1.14 0.091
20 16 0.3 0.2-0.5 0.27 <0.001 420 84 7.6-9.2 130 <0.001
30 62 1.2 0.9-1.5 Ref - 328 6.5 5.8-7.1 Ref -
40 134 2.7 2.3-32 2.24 <0.001 281 59 52-6.6 091 0.240
50 244 54 4.7-6.0 4.37 <0.001 265 59 52-6.6 091 0.248
60 325 8.2 7.3-9.1 6.70 <0.001 237 6.0 52-6.7 092 0.349
70 357 123 11.0-13.6  10.0 <0.001 173 59 5.0-6.8 091 0.328
80 207 154 13.2-17.6  12.55 <0.001 80 5.8 4.5-7.1 090 0.391
90 13 6.9 2.5-11.4 5.67 <0.001 10 55 1.2-9.7  0.85 0.590
Sex
Male 619 3.6 3.3-39 - - 759 42 3944 - -
Female 746 3.7 3.5-4.0 1.03 0.482 1406 7.5 7.1-79 181 <0.001
Year
1970-1979 195 2.6 2.3-3.0 0.83 0.038 398 49 44-54 079 0.001
1980-1989 259 3.2 2.8-3.6 Ref - 525 6.2 57-6.7 - -
1990-1999 320 3.6 3.2-4.0 1.13 0.115 530 6.1 5.6-6.6 098 0.766
2000-2009 436 4.6 4.2-5.0 1.44 <0.001 522 5.7 52-62 093 0.211
20102012 155 5.2 4.4-6.0 1.64 <0.001 190 6.6 57-76 1.07 0.406

IR incidence rate, IRR incidence-rate ratio, CI confidence interval

#Per 1,000,000 person-years
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Fig. 1 Incidence rate of appendiceal malignancy by histological
subtype over age. Incidence rate adjusted for age and sex in Sweden
1970-2012 using direct standardization. A-NET has its highest
incidence rate among children and young adults; in contrast,
adenocarcinomas increase with age
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Fig. 2 Prevalence of appendiceal malignancy per appendectomy
over age, based on the number of appendicectomies in Sweden
1980-2012 and number of diagnosed A-NET and adenocarcinomas
during the same time period. Both tumour types show increasing
prevalence with age

appendicectomy among patients under 30 years at which
point the prevalence started to increase more rapidly. Both
subtypes have its highest prevalence in the age interval
85-89 years.

Cancer stage by age

Cancer stage was recorded consistently from 2005 and
onwards. Full TNM classification was available from 180
patients with A-NEN and 362 patients with adenocarci-
noma. Advanced malignancies (stages III and IV) were

more common in adenocarcinoma than in A-NEN
(p < 0.001). For A-NEN, there was a significant trend
towards higher stage at diagnosis with increasing age. For
the youngest tercile, 71.4% of the malignancies were stage
I, and 28.6% were stage II or higher. The corresponding
figures for the oldest quantile were 45.5% and 54.5%,
respectively (Kendall’s tau-b = 0.214, p < 0.001). For
adenocarcinoma, the distribution did not differ between the
quantiles of age (Kendall’s tau-b =-0.032, p = 0.883)
(Table 2).

Trends in operative management

Appendectomy was the most common primary operation
for A-NEN during the whole study period (88.0% of all
primary operations) with ileocecal resection (5.8%) and
right hemicolectomy (6.3%) being less common (Table 3).
Most patients with appendiceal adenocarcinoma also
underwent appendectomy initially (58.6% of all primary
operations), but ileocecal resection (18.3%) and right
hemicolectomy (23.1%) were relatively more common
than for A-NEN. Most patients with either A-NEN (91.1%)
or adenocarcinoma (76.4%) did not undergo further sur-
gery beyond the first operation. The proportion of patients
that had ileocecal resection as primary surgery decreased,
while the proportion that had right hemicolectomy
increased over time for both A-NEN (p = 0.003) and
adenocarcinoma (p = 0.041). A similar temporal trend was
observed for secondary operations for both A-NEN
(»p < 0.001) and adenocarcinoma (p < 0.001).

Discussion

This study, spanning over 5 decades, is one of few national
population-based studies of the epidemiology of appen-
diceal malignancies [3, 8, 10]. The results indicate a
slightly higher incidence of both A-NEN and adenocarci-
noma in Sweden compared to other countries [5, 9, 10]. In
keeping with other studies, we noted a rising incidence rate
of adenocarcinoma during the study period [4, 5]. Unlike
previous reports, the incidence of A-NEN remained
unchanged [5, 9, 10]. An increased use of colonoscopy and
diagnostic imaging as well as routine histopathological
examination after appendicectomy could contribute to an
increasing incidence rate due to a higher detection rate
[4, 5, 14]. Since appendectomy eliminates the risk of future
appendiceal malignancy, a lower incidence of appendec-
tomy could contribute to an increasing incidence of
appendiceal malignancy. The frequency of appendectomy
in Sweden was around 240 cases/100.000 person-years
from the 1920s till the 1980s [15, 16], but has since steadily
decreased mainly in children and young adults, reaching
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Table 2 Age distribution of cancer stage

Terciles of age (years)

1 (8-28) 2 (29-56) 3 (57-84) Total
A-NEN stage®
1 45 (71.4) 34 (54.8) 25 (45.5) 104 (57.8)
2 12 (19.1) 27 (43.6) 17 (30.9) 56 (31.1)
3 6 (9.5) 0 (0.0) 10 (18.2) 16 (8.9)
4 0 (0.0) 1 (1.6) 3 (5.5 4(22)
Total 63 (100.0) 62 (100.0) 55 (100.0) 180 (100.0)
Kendall’s tau-b = 0.214
Terciles of age (years)
1 (17-59) 2 (60-72) 3 (73-93) Total
Adenocarcinoma stage®
1 22 (16.9) 25 (21.7) 22 (18.8) 69 (19.1)
2 47 (36.2) 38 (33.0) 46 (39.3) 131 (36.2)
3 18 (13.9) 12 10.4) 14 (12.0) 44 (12.2)
4 43 (33.1) 40 (34.8) 35 (29.9) 118 (32.6)
Total 130 (100.0) 115 (100.0) 117 (100.0) 362 (100.0)

Kendall’s tau-b = -0.032

Values are number (percentage)

120 cases/100.000 in recent years [17]. As a consequence,
the population at risk is larger in recent decades which may
have contributed to an increasing incidence rate. This
effect should be limited in view of the small proportion of
the population that undergoes appendectomy. Another
possible reason for bias is the proportion of appendec-
tomies that undergo histopathological examination, which
may have changed during the long study period. Unfortu-
nately, we do not have any information on that factor.
There was a striking difference in age distribution
between the two types of malignancy. Adenocarcinoma of
the appendix follows the pattern of most other gastroin-
testinal cancers and is virtually non-existent among chil-
dren and young adults but becomes increasingly common
from 30 years of age. The prevalence of adenocarcinoma
per excised appendices follows the same pattern as the
incidence rate, steadily increasing with age. By contrast,
the incidence rate of A-NEN reaches its highest level in
young adults. However, the prevalence of A-NEN per
excised appendices is low in children and young adults but
increases with age to reach its highest level at age 85.
These seemingly contradicting findings between the inci-
dence rate and the prevalence are explained by the age
distribution of appendicectomy which has a peak in chil-
dren and young adults and the fact that A-NEN commonly
is an incidental finding in younger patients [1, 16]. The
high incidence rate of A-NEN in young persons may thus

@ Springer

be mainly explained by the higher sampling frequency.
This hypothesis is further corroborated by the finding that a
majority of A-NEN in young patients were stage I or II.
Appendiceal malignancy is uncommon in the general
population but considering only patients undergoing
appendicectomy the prevalence rises sharply from age 40
to reach high levels in octogenarians. In this group, one
adenocarcinoma is diagnosed in every 20 appendicec-
tomies. The current recommendation is to send all appen-
dectomy specimens for histopathological examination for
safety reasons [11]. Deviations from this recommendation
are however common, mainly due to the scarcity of
histopathological service. Different frequencies of
histopathological examination may explain the great vari-
ation of incidence rates in the literature. In our study, 71%
of patients with A-NEN who were younger than 29 years
had a stage 1 malignancy. According to guidelines, these
malignancies have little to no clinical impact since most of
these cases require no further treatment or follow-up [18].
When assessing the utility of routine histopathology for
appendectomy specimen, this needs to be taken into
account. The results of the present study may be used in
cost-utility analysis to develop more practical guidelines.
The surgical management has become more aggressive
over time with more extensive surgery both at the primary
and the secondary operation, especially in patients with
adenocarcinoma. Compared to A-NEN, adenocarcinomas
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Table 3 Operative management of appendiceal malignancy over time

Type of intervention Time period p value
1970 1980 1990 2000 2010 Total
Neuroendocrine tumours
Primary operation 0.003
Appendectomy 216 88.5% 392  92.7% 409 872% 401 84.1% 158 88.3% 1.576  88.0%
Ileocecal resection 17 7.0% 17 4.0% 32 6.8% 30 6.3% 7 39% 103 5.8%
Right hemicolectomy 11 45% 14 33% 28 6.0% 46 9.6% 14 7.8% 113 6.3%
Secondary operation within 90 days <0.001
None 231 947% 390 922% 418 89.1% 431 904% 163 91.1% 1.633  91.1%
Ileocecal resection 7 29% 22 52% 36 77% 18 3.8% 3 1.7% 86 4.8%
Right hemicolectomy 6 25% 11 26% 15 32% 28 59% 13 73% 73 4.1%
Total 244 100.0% 423 100.0% 469 100.0% 477 100.0% 179 100.0% 1.792  100.0%
Adenocarcinoma
Primary operation 0.041
Appendectomy 48  593% 105 62.1% 160 59.9% 225 594% 67 489% 605 58.6%
Ileocecal resection 16 198% 32 189% 57 214% 60 158% 24 17.5% 189 18.3%
Right hemicolectomy 17 21.0% 32 189% 50 187% 94 248% 46 33.6% 239 23.1%
Secondary operation within <0.001
90 days
None 61 753% 133 787% 186 69.7% 300 79.2% 109 79.6% 789 76.4%
Ileocecal resection 9 11.1% 15 89% 32 12.0% 13 3.4% 2 1.5% 71 6.9%
Right hemicolectomy 11 13.6% 21 124% 49 184% 66 174% 26 19.0% 173 16.8%
Total 81 100.0% 169 100.0% 267 100.0% 379 100.0% 137 100.0% 1.033  100.0%

are more commonly advanced upon presentation which
could necessitate more extensive primary surgery. Right
hemicolectomy is considered standard treatment for ade-
nocarcinomas. As the diagnosis can be unclear at the pri-
mary operation, secondary operations may be needed after
the histopathological diagnosis is established [19]. It
should be noted that the survival benefit from right hemi-
colectomy has been questioned for patients with A-NEN,
and benefit has only been shown in adenocarcinomas and
only when 12 or more lymph nodes are retrieved [20].

Strengths and weaknesses

Strengths of this study include the high quality and cov-
erage of the national registries, resulting in an almost
complete population-based study with a long inclusion
period and a large cohort. However, as with any registry
study, clinical details of each patient were unavailable. A
few developments have occurred in the classification of
appendiceal tumours during the study period. Goblet cell
adenocarcinomas and mucinous adenocarcinomas cannot
be reliably separated from each other in the SCR before the
introduction of ICD-O3 codes in 2005 and are therefore
included in the adenocarcinoma cohort throughout the

study period. For the same reason, occasional MiNENs are
included in the A-NEN cohort. Due to their rarity, this
probably makes little difference to the interpretation of the
study overall. A further limitation was the restricted data
on TNM stage. Unless all removed appendices are sent for
histopathology, there will always be some uncertainty
regarding the “true” incidence of malignancy. There are
currently no available records showing the rate of
histopathological examination for appendicectomy speci-
men in Sweden.

Conclusion

Adenocarcinoma of the appendix has steadily become
more frequent since the 1970s. The incidence of adeno-
carcinoma increases with age, whereas A-NEN primarily
affect younger patients. This is probably a consequence of
the incidental detection of occult A-NEN due to the higher
appendicectomy frequency in the young. The surgical
management has become more aggressive over time with
more extensive surgery both at the primary and the sec-
ondary  operation, especially in patients with
adenocarcinoma.
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