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Abstract

Post-inflammatory mucosal hyperplasia and appendiceal diverticulosis simulate mucinous neoplasms, causing diagnostic
confusion. Distinction between neoplasia and its mimics is particularly important since many authorities now consider all
appendiceal mucinous neoplasms to be potentially malignant. The purpose of this study was to identify clinicopathologic
and molecular features that may distinguish appendiceal mucinous neoplasms from non-neoplastic mimics. We
retrospectively identified 92 mucinous lesions confined to the right lower quadrant, including 55 non-neoplastic examples
of mucosal hyperplasia and/or diverticulosis and 37 low-grade neoplasms. Presenting symptoms, radiographic findings,
appendiceal diameter, appearances of the lamina propria, non-neoplastic crypts, and epithelium, as well as mural changes
were recorded. Twenty non-neoplastic lesions were subjected to KRAS mutational testing. Non-neoplastic appendices were
smaller (p <0.05) and more likely to present with symptoms of appendicitis (p <0.05) than neoplasms. While post-
inflammatory mucosal hyperplasia and diverticula often showed goblet cell-rich epithelium, extruded mucin pools,
and patchy mural alterations with fibrosis, they always contained non-neoplastic crypts lined by mixed epithelial cell types
and separated by lamina propria with predominantly preserved wall architecture. On the other hand, mucinous neoplasms
lacked normal crypts (p <0.05) and showed decreased lamina propria (p <0.05) with diffusely thickened muscularis
mucosae and lymphoid atrophy. Six (30%) non-neoplastic lesions contained KRAS mutations, particularly those containing
goblet cell-rich hyperplastic epithelium. We conclude that distinction between neoplastic and non-neoplastic mucinous
appendiceal lesions requires recognition of key morphologic features; KRAS mutational testing is an unreliable biomarker
that cannot be used to assess biologic risk or confirm a diagnosis of neoplasia.

Introduction distention accompanied by mural scarring that obscures the

tissue planes between normal layers of the appendiceal wall.

Low-grade appendiceal mucinous neoplasms comprise a
unique group of tumors with a propensity to disseminate to
the peritoneum and cause gelatinous ascites (i.e., pseudo-
myxoma peritonei) despite the presence of bland cytologic
features and a lack of infiltrative invasion by neoplastic
epithelium. Most lesions confined to the appendix are cured
by appendectomy alone, whereas those accompanied by
peri-appendiceal mucin and/or neoplastic epithelium are at
risk for peritoneal spread [1-4]. Importantly, mucinous
neoplasms typically display circumferential growth and
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These changes can make it difficult to determine the local
extent of disease, especially when there are diverticulum-
like herniations of neoplastic epithelium into or through the
wall. For these and other reasons, there is a growing trend to
consider all appendiceal mucinous neoplasms as potentially
malignant. Several authors propose they be designated low-
grade appendiceal mucinous neoplasms at a minimum and
have moved to eliminate “adenoma” from the nomenclature
of mucinous tumors [5-7]. Although this approach certainly
simplifies the classification of appendiceal mucinous neo-
plasia, it has several untoward effects, especially when non-
neoplastic mucinous lesions mimic low-grade neoplasms.
Patients who are adequately treated by appendectomy alone
can receive an erroneous diagnosis that increases anxiety,
subjects them to long-term radiologic surveillance, and in
some cases, may result in unnecessary surgery or
chemotherapy.
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Although grossly visible mucus in combination with
mucinous epithelium in the wall or peri-appendiceal tissues
have been historically helpful clues to the presence of a
mucinous neoplasm, these features are increasingly
encountered in non-neoplastic appendices. Widespread use
of high-quality cross-sectional imaging coupled with a trend
toward elective appendectomy weeks to months following
an episode of appendicitis (i.e., interval appendectomy) has
increased detection of non-neoplastic appendiceal lesions
that display many features simulating low-grade mucinous
neoplasia. In fact, we have encountered numerous examples
of mucosal hyperplasia with organizing appendiceal rupture
and/or diverticulosis displaying extruded mucin pools and
hypermucinous epithelium that closely simulate low-grade
neoplasms. Distinction between these post-inflammatory
changes and mucinous neoplasia is clinically important,
particularly in an era of aggressive approaches to the
management of appendiceal tumors. The purpose of this
study is to describe the clinical, morphologic, and molecular
features of non-neoplastic mucinous hyperplasia, diverti-
cula, and post-inflammatory changes in order to determine
which findings, if any, facilitate their distinction from low-
grade appendiceal mucinous neoplasms.

Materials and methods
Case selection

We searched the archives of the Department of Pathology
and Laboratory Medicine at Weill Cornell Medicine from
2006 through 2018 to identify appendectomy specimens
containing mucinous neoplasms, non-neoplastic mucosal
hyperplasia, and diverticula. We screened all appendiceal
resection specimens and eliminated those diagnosed as “no
diagnostic abnormality” (or equivalent terminology),
“fibrous obliteration”, and “acute appendicitis”. Cases
diagnosed with interval appendicitis, chronic appendicitis,
mucosal hyperplasia, diverticula, low-grade mucinous
neoplasia, mucinous (cyst)adenoma, mucinous adenocarci-
noma, and all serrated lesions were histologically reviewed.
We excluded neoplasms with overlapping mucinous and
serrated features, conventional (i.e., colorectal type) ade-
nomas, serrated lesions, and simple, uninflamed diverticula.
Neoplasms with overtly malignant features (e.g., complex
architectural abnormalities, high-grade cytologic atypia,
infiltrative growth in the appendiceal wall) and those with
neoplastic epithelium and/or mucin deposits beyond the
right lower quadrant were also excluded. The remaining
cases were classified as either low-grade appendiceal
mucinous neoplasms or non-neoplastic lesions featuring
mucosal hyperplasia using previously published criteria [8].
All non-neoplastic cases were reviewed by at least four
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experienced pathologists with focused interest in gastro-
intestinal pathology who agreed on the interpretation. Those
with striking mucosal hyperplasia, mural mucin pools, and/
or extramural mucin deposits were submitted entirely for
histologic evaluation. Data regarding demographic infor-
mation, clinical presentation, radiologic findings, and out-
come were obtained from the patients’ electronic medical
records. The study was approved by the Institutional
Review Board of Weill Cornell Medicine.

Pathologic evaluation

Macroscopic features of neoplastic and non-neoplastic cases
were extracted from the gross descriptions of the surgical
pathology reports and supportive photographic doc-
umentation when available. Data regarding appendiceal
diameter, rupture, presence and location of grossly visible
mucin, and any discrete lesions were recorded. Hematoxylin
and eosin-stained sections from all cases were reviewed and
evaluated for the nature of mucinous epithelium (goblet vs.
non-goblet mucinous cells); presence and amount of lamina
propria compared with non-lesional mucosa; presence of
non-neoplastic crypts, Paneth cells, and endocrine cells in
lesional epithelium; thickness of the muscularis mucosae
under the lesion compared with that of adjacent mucosa;
fibrosis of the muscularis mucosae, submucosa, and/or
muscularis propria; obliteration of planes between muscu-
laris mucosae, submucosa, and/or muscularis propria; and
presence and amount of mucosal and submucosal lymphoid
tissue. The location and extent of any extraluminal mucin
was recorded. Other alterations, such as non-neoplastic
diverticula and fibrous obliteration of the distal appendix,
were noted when present.

Molecular analysis

Twenty appendices containing non-neoplastic mucosal
hyperplasia were subjected to KRAS mutational analysis in
order to determine whether mutational status could help
distinguish them from low-grade mucinous neoplasms.
Lesional epithelium was encircled on hematoxylin and
eosin-stained slides prepared from routinely processed,
paraffin-embedded tissue sections and used to guide manual
dissection of scored slides. Extraction of DNA was per-
formed using the Promega Maxwell 16 (Promega Corp,
Madison, WI) system and quantified with Qubit 3.0 Fluo-
rometer (Thermo Fisher Scientific Inc., Waltham, MA).
Next generation sequencing was performed using the
OnCORseq Cancer Gene Mutation Panel ver.2 assay
(Thermo Fisher Scientific Inc., Waltham, MA) with cover-
age of KRAS exons 2-4. The AmpliSeq Library Kit 2.0
(Thermo Fisher Scientific Inc., Waltham, MA) was used for
library preparation followed by template preparation and



Post-inflammatory mucosal hyperplasia and appendiceal diverticula simulate features of low-grade... 955

Table 1 Clinical and radiologic

findings among patients with Feature i;l;—rllltz(;;)l_asstisc) mucinous ?]/f]uiir;(;l)ls neoplasm P Value
mucinous neoplasms and non-
neoplastic appendiceal lesions.  \ryje/female ratio 23 12:25 0.39
Mean age 54 years 59 years 0.12
Presentation
Uncomplicated appendicitis 14 (25%) 0 (0%) <0.001
Interval appendectomy 26 (47%) 3 (8%) <0.001
Atypical symptoms or 2 (4%) 10 (27%) <0.001
imaging result
Incidental mass on imaging 7 (13%) 21 (58%) <0.001
Incidental appendectomy 6 (11%) 2 (5%) 0.47
Unknown 1 2%) 1 3%)
Radiologic findings
Right lower quadrant 32 (58%) 4 (11%) <0.001
inflammation
Right lower quadrant mass 6 (11%) 27 (73%) <0.001
Inflammation with 4 (7%) 1 (3%) 0.65

possible mass

sequencing on the Ion Torrent platform (Thermo Fisher
Scientific Inc., Waltham, MA). Variant calls were deter-
mined using Ion Reporter Software (Thermo Fisher Scien-
tific Inc., Waltham, MA).

Statistical methods

Univariable analysis with Firth Penalized Maximum Like-
lihood method was used to compare clinicopathologic
findings between non-neoplastic lesions and low-grade
appendiceal mucinous neoplasms. All analyses were per-
formed using the statistical software SAS Version 9.4 (SAS
Institute, Cary, North Carolina, USA). A p value <0.05 was
considered to be statistically significant.

Results
Clinical features

Appendectomy specimens from 92 patients were included
in the study; 37 harbored low-grade appendiceal mucinous
neoplasms and 55 contained non-neoplastic lesions with
mucosal hyperplasia (Table 1). Most patients in both groups
were older adults and women were affected more often than
men, probably reflecting a greater tendency toward inci-
dental appendectomy among patients undergoing gyneco-
logic surgery. Patients with mucinous neoplasms were more
likely than those with mucosal hyperplasia to present with
atypical abdominal symptoms or imaging results that could
not be attributed to appendicitis (27 vs. 4%, respectively,
p<0.001). Twenty-one (58%) mucinous neoplasms were
incidentally detected during imaging for other indications

compared with only six (11%) patients who had mucosal
hyperplasia (p <0.001). Twenty-seven (73%) mucinous
neoplasms produced a radiographically apparent tumor or
mucocele upon preoperative imaging compared with only
11% of non-neoplastic lesions (p <0.001).

Patients with mucosal hyperplasia were more likely to
present with symptoms related to appendicitis than those
with mucinous neoplasms (72 vs. 8%, respectively, p <
0.001). Fourteen (25%) underwent appendectomy for
uncomplicated appendicitis and 26 (47%) had an interval
appendectomy following antibiotic therapy compared with
0 and 8% of patients with mucinous neoplasms, respectively
(p<0.001 for both comparisons). Patients with non-
neoplastic lesions more often had preoperative imaging
findings suspected to represent an inflammatory process
than those with mucinous neoplasms (65 vs. 14%,
p<0.001).

Follow-up information was obtained for 71 patients
(mean: 47.7 months), including 40 with non-neoplastic
mucinous lesions (mean: 45.5 months) and 31 with low-
grade mucinous neoplasms (mean: 50.6 months). None of
the patients in either group developed peritoneal recurrence
or any evidence of mucinous neoplasia during the follow-up
period.

Pathologic features

The gross and histologic characteristics of non-neoplastic
lesions and mucinous neoplasms are summarized in
Table 2. Mucinous neoplasms produced grossly evident
abnormalities suggesting the presence of a neoplasm in
almost all cases (Fig. 1a). Thirty-three (89%) were asso-
ciated with appendiceal dilatation compared with only
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Table 2 Pathologic findings among patients with mucinous neoplasms
and non-neoplastic mucinous appendiceal lesions.

Feature Non-neoplastic Mucinous P Value
mucinous neoplasm
lesion (N=55) (N=37)
Gross features
Appendicitis (adhesions, 31 (56%) 8 (22%) 0.001
exudates, erythema)
Perforation 13 (24%) 4 (11%) 0.17
Mean diameter 1.3cm 2.4 cm <0.001
Diffuse, fusiform 3 (5%) 18 (49%) <0.001
dilatation
Localized dilatation 11 (20%) 15 (41%) 0.04
Serosal mucin deposits 1 (2%) 3 (8%) 0.15
Thick luminal mucin 6 (11%) 33 (89%) <0.001
Histologic features
Mucosa
Lamina propria 53 (96%) 3 (8%) <0.001
between crypts
Non-neoplastic crypts 53 (96%) 3 (8%) <0.001
Non-goblet mucinous 0 (0%) 27 (73%) <0.001
epithelial cells
Paneth cells 10 (18%) 1 3%) 0.045
Presence of 36 (65%) 12 (32%) 0.003
lymphoid tissue
Thickened muscularis 29 (53%) 33 (89%) 0.005
mucosae
Mural changes
Submucosal fibrosis 37 (67%) 33 (89%) 0.02
Obliterated planes 28 (51%) 30 (81%) 0.01
between submucosa
and muscularis
propria
Serosal inflammation 30 (55%) 12 (32%) 0.05
(periappendicitis)
Mural mucin 31 (56%) 26 (70%) 0.20
Extramural mucin 25 (45%) 23 (62%) 0.20
Fibrous obliteration of 15 (27%) 9 (24%) 0.47
appendix
Diverticula elsewhere 42 (76%) 7 (19%) <0.001

in appendix

14 (25%) non-neoplastic mucinous lesions (p <0.001). The
degree of appendiceal dilatation was also greater among
neoplasms than non-neoplastic cases (mean: 2.4 cm vs. 1.3
cm, p<0.001) with more frequent diffuse, fusiform enlar-
gement of the appendix (49 vs. 5%, p <0.001). Thirty-three
(89%) neoplasms contained thick, tenacious mucus,
whereas non-neoplastic appendices featured visible mucin
in only 11% of cases (p < 0.001). In contrast, non-neoplastic
appendices were far more likely to display visible changes
of appendicitis or diverticula with preserved layers of the
appendiceal wall (Fig. 1b). Thirty-one (56%) featured
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adhesions, fibrinous exudates, or erythema compared with
only eight (22%) mucinous neoplasms (p = 0.001).

Low-grade mucinous neoplasms displayed circumfer-
ential involvement of the inner appendix by flat, undulating,
or papillary epithelium with decreased or absent lamina
propria, whereas non-neoplastic cases featured incomplete
luminal involvement by mucin-rich epithelium; supportive
lamina propria was consistently present (Fig. 1c—f). Muci-
nous neoplasms were often accompanied by a diffusely
thickened, rind-like muscularis mucosae (n = 33, 89%) with
a complete lack of lymphoid tissue in 68% of cases
(Fig. 2a). Submucosal fibrosis was present in 33 (89%)
neoplasms, obscuring the interface between the submucosa
and muscularis propria in most (81%) of these. Mucinous
neoplasms contained non-goblet, barrel-shaped columnar
cells with faintly basophilic mucin and enlarged, hyper-
chromatic nuclei (Fig. 2b).

On the other hand, non-neoplastic lesions showed a
greater tendency toward preservation of normal elements
when compared with low-grade mucinous neoplasms
(Fig. 2c). They almost always featured evenly dispersed
non-neoplastic crypts (96%) supported by lamina propria
(96%, p <0.001 for both comparisons). Normal amounts of
mucosal and submucosal lymphoid tissue were present in
65% of cases (p=0.003). The muscularis mucosae was
normal in most areas (p = 0.005) with only patchy thick-
ening and fibrosis in 29 (53%) cases, particularly in asso-
ciation with diverticula. Although submucosal fibrosis
(67%) and obliterated tissue planes between the submucosa
and muscularis propria (51%) were not infrequent among
non-neoplastic lesions, these changes were focal rather than
circumferential (p = 0.02 and p = 0.01, respectively). Non-
neoplastic lesions were composed of hypertrophic goblet
cells admixed with non-goblet columnar cells; non-goblet
mucin-containing cells were not detected in any cases
(Fig. 2d). Scattered Paneth cells were identified in 18% of
non-neoplastic cases compared with only 3% of mucinous
neoplasms (p =0.045). Clearly recognizable diverticula
lined by non-neoplastic epithelium were present distant
from areas of mucinous epithelium and/or extracellular
mucin in 76% non-neoplastic appendices compared with
only 19% of mucinous neoplasms (p <0.001). Organizing
peri-appendiceal inflammation was also more commonly
associated with non-neoplastic lesions than mucinous neo-
plasms (55 vs. 32%, respectively, p = 0.05).

Although extra-appendiceal mucin was frequently
observed in association with both ruptured, non-neoplastic
appendices (45%) and mucinous neoplasms (62%), its
nature was qualitatively different in these situations. Rup-
tured non-neoplastic appendices featured mucin pools
accompanied by appendiceal perforation with organizing
abscesses, lymphoplasmacytic infiltrates, and frequent
macrophages or multinucleated giant cells. They were
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Fig. 1 Gross and histologic
features of mucinous
neoplasms and non-neoplastic
appendices. Mucinous
neoplasms frequently cause
fusiform enlargement of the
appendix due to accumulation of
thick tenacious mucus (a). Non-
neoplastic appendices show
minimal dilatation with
preserved layers of the wall and
small cysts (arrows) representing
diverticula (b). Mucinous
neoplasms display
circumferential involvement of
the lumen (c¢) with obliterated
tissue planes between the layers
of the appendiceal wall (d).
Ruptured diverticula feature
focal disruption of an otherwise
normal muscularis propria (e).
The muscularis mucosae is of
near normal thickness and is
clearly separated from the
submucosa (f).

Fig. 2 Mucosal findings in
mucinous neoplasms and non-
neoplastic appendiceal lesions.
Mucinous neoplasms are often
accompanied by a diffusely
thickened, rind-like muscularis
mucosae with a lack of
lymphoid tissue and decreased
lamina propria (a). The
epithelium consists of barrel-
shaped columnar cells with
faintly basophilic mucin and
enlarged, hyperchromatic nuclei
(b). Non-neoplastic lesions
contain normal lamina propria
supported by muscularis
mucosae as well as non-
neoplastic crypts (c). Increased
numbers of goblet cells are
present in the epithelium, which
also contains scattered Paneth
cells in the crypts (d).
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present in direct continuity with ruptured diverticula in 16
(64%) cases and frequently surrounded by a lymphohistio-
cytic cuff (n =14, 56%) with an ingrowth of granulation
tissue (n = 13, 52%). Only three (12%) cases featured extra-
appendiceal epithelium, which was scant and composed of
goblet and non-goblet epithelial cells. In contrast, mucin
pools associated with mucinous neoplasms generally lacked
the exuberant inflammatory response typical of non-
neoplastic cases; only 13 (57%) were associated with
chronic inflammation, which was generally mild and focal.
Mucinous neoplasms more frequently featured hyalinizing
fibrosis (n =20, 87%, p<0.001). Extra-appendiceal epi-
thelium was detected in 10 (43%) mucinous neoplasms and
was morphologically similar to the mucinous epithelium of
the lesion (p =0.02).

Molecular characteristics

Twenty non-neoplastic mucinous lesions were subjected to
KRAS mutational analysis. Six (30%) were found to harbor
KRAS alterations; there were five codon 12 mutations and
one codon 13 mutation. The variant allele frequency in
these six cases ranged from 5 to 22% with a mean of 10%.
As a group, lesions containing KRAS mutations tended to
occur among slightly older adults (mean: 60 years) and
produced minimal or mild appendiceal dilatation (mean:
1.1cm). All of these cases were entirely submitted for
histologic evaluation. They frequently featured goblet cell-
rich hyperplastic epithelium but were otherwise similar to
non-neoplastic mucinous lesions with wild-type KRAS
(Fig. 2d).

Discussion

Delayed appendectomy following a course of antibiotic
therapy is increasingly common among patients who pre-
sent with uncomplicated appendicitis or a perforated
appendix because this approach is associated with less
morbidity than immediate appendectomy [9-12]. While
some authors have described Crohn-like inflammatory
changes in interval appendectomy specimens, little attention
has been given to the proliferative epithelial changes that
occur during the resolution of appendicitis [13]. In our
experience and that of others, exuberant non-neoplastic
epithelial proliferations and ruptured diverticula that
develop in this setting can bear a close resemblance to low-
grade mucinous neoplasia [14]. Hsu et al. described 11
cases of ruptured appendiceal diverticula, all of which were
originally interpreted to represent, or were concerning for,
appendiceal mucinous neoplasms [8]. Valasak et al. found
an overall concordance rate of only 69% with respect to the
diagnosis of low-grade appendiceal mucinous neoplasm in
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their consultation material; misinterpretation of post-
inflammatory changes by the submitting pathologist
accounted for all cases with major discrepancies [15].
Similarly, Arnold et al. reported that 44% of appendices
submitted to their consultation practices were classified as
low-grade appendiceal mucinous neoplasms by the referring
pathologist but more than half of these cases were con-
sidered to be non-neoplastic by the consultants [16]. In fact,
we suspect that many reports in the surgical literature
describing a high rate of mucinous neoplasia in interval
appendectomy  specimens actually represent  post-
inflammatory mucosal hyperplasia with hypermucinous
epithelium [17-19]. This view is supported by data from
other studies showing similar rates of neoplasia in interval
and immediate appendectomy specimens. Lai et al.
reviewed 70 interval appendectomy specimens from
patients who presented with an inflammatory mass and
found the incidence of neoplasia to be only 2%. Notably,
8% of their cases featured exuberant proliferations of non-
neoplastic, mucin-rich epithelium [20].

Distinction between mucinous neoplasia and its mimics
is critically important. The former requires surveillance
imaging and potential surgery or chemotherapy depending
on extent of disease, whereas non-neoplastic lesions are
cured by appendectomy and require no future interventions
or surveillance. We identified several key features that aid
distinction between post-inflammatory mucinous hyperpla-
sia and mucinous neoplasia. Most (75%) patients with non-
neoplastic lesions are clinically suspected to have appen-
dicitis based on either symptoms (72%) or radiographic
evidence of an inflammatory process (63%), and the
majority have gross evidence of appendicitis (56%). The
layers of the appendiceal wall are generally preserved and
the muscularis mucosae and lamina propria are mostly
normal; fibrosis is limited to diverticula or areas of orga-
nizing inflammation. Non-neoplastic appendices contain
lymphoid aggregates that are morphologically similar to
those present in normal appendices from healthy adults.
They contain mucin-rich surface epithelium that may
assume a slightly villiform architecture with goblet and non-
goblet cells as well as scattered crypts lined by non-
neoplastic epithelial cells. On the other hand, low-grade
mucinous neoplasms almost always produce a radio-
graphically or grossly evident mass (92%) featuring barrel-
shaped, acid mucin-containing epithelial cells
companied by non-neoplastic crypts. The lamina propria is
uniformly decreased or entirely absent; neoplasms are
supported by a thick, fibrotic muscularis mucosae with
decreased lymphoid tissue and obliterated tissue planes
between layers of the wall.

Similar to our results, Lowes et al. recently described a
series of 74 appendiceal diverticula and found that non-
neoplastic crypts, preserved mucosal architecture with

unac-
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lamina propria, and a lack of nuclear abnormalities dis-
tinguished these cases from low-grade appendiceal muci-
nous neoplasms [14]. These authors also emphasized the
importance of clinical information in the assessment of
appendiceal mucinous lesions; only 11% of their diverti-
culosis cases showed any features that raised clinical sus-
picion for a neoplasm. Our detailed analysis of clinical
records found that, in contrast to previous reports, patients
with mucinous neoplasms rarely present with classic
symptoms of acute appendicitis [21-23]. Rather, neoplasms
are accompanied by vague, often unrelated, abdominal
symptoms that generate a broad differential diagnosis and
prompt abdominal imaging studies. Most neoplasms are
radiographically visible, regardless of the presence or
absence of symptoms. Our observations are in line with
those of Gundogar et al. which found that most mucinous
neoplasms are asymptomatic and incidentally detected
during imaging studies performed for other reasons [24].
Similar to results of others, we also found that dilated
appendices (>2 cm luminal diameter) are more likely to
contain mucinous neoplasms [22, 24, 25]. Only 4 (7%)
appendices spanning more than two centimeters in diameter
were associated with non-neoplastic lesions in our series
and none of our non-neoplastic cases showed diffuse,
fusiform appendiceal dilatation. We did not find a sig-
nificant association between mucinous neoplasia and the
presence of acquired, non-neoplastic diverticula, as has
been described in other studies [26—28]. Rather, we iden-
tified non-neoplastic diverticula in 76% of post-
inflammatory appendices compared with only 19% of
appendices containing mucinous neoplasms.

Of note, our data suggest that molecular assays are of
limited value with respect to distinguishing post-
inflammatory mucosal hyperplasia from appendiceal neo-
plasia. The most common molecular alterations detected in
low-grade appendiceal mucinous neoplasms affect KRAS
with reported mutational rates ranging from 41 to 100%
compared with 0% in the normal mucosa [29-33]. Other
mutations affecting GNAS are less common, occurring in
35-50% of cases [29, 34, 35]. Ours is the first study to
investigate molecular alterations in appendices that display
post-inflammatory, hyperplastic changes with increased
numbers of goblet cells. Not surprisingly, we found a
relatively high (30%) frequency of KRAS mutations at
variant allele frequencies ranging up to rates observed in
neoplasms (mean: 10%, range: 5-22%). We suspect these
alterations arise via mechanisms similar to those of other
proliferative lesions throughout the gastrointestinal tract.
Goblet cell-rich hyperplastic polyps of the colon harbor
KRAS mutations in up to 46% of cases, and KRAS mutations
can be detected in non-dysplastic proliferative mucosae of
patients with chronic colitis [36-38]. Molecular changes
affecting KRAS have also been reported in hyperplastic

polyps of the small intestine and stomach, as well as low-
grade pancreatic intraepithelial lesions (i.e., PanIN1) in
patients with chronic pancreatitis who do not have invasive
adenocarcinoma [39-44]. We conclude that KRAS altera-
tions are commonly observed in non-neoplastic conditions
that feature mucosal hyperplasia and advise against the use
of currently available molecular techniques to establish a
diagnosis of neoplasia.

Post-inflammatory mucosal hyperplasia and diverticula
are increasingly encountered in appendectomy specimens,
particularly as the practice of interval appendectomy
becomes more widespread. These changes feature pro-
liferative epithelium with increased goblet cells, extruded
mucin pools, and patchy mural alterations with fibrosis.
Although these changes simulate low-grade mucinous
neoplasia, several key features reliably distinguish between
non-neoplastic and neoplastic conditions. Mature goblet
cells in the surface epithelium, goblet cell-rich crypts con-
taining interspersed Paneth cells, supportive lamina propria,
intact muscularis mucosae of normal thickness, and readily
discernible layers of the appendiceal wall distant from areas
of perforation and diverticula are all significantly more
common in resolving inflammatory conditions than low-
grade mucinous neoplasms. The presence of these features
should alert the pathologist to the likelihood of non-
neoplastic condition and prompt review of pertinent clinical
and radiographic information. Correct classification of dis-
ease is particularly important since many pathologists now
consider all mucinous neoplasms of this site to be poten-
tially malignant, warranting long-term radiographic sur-
veillance, and in some cases, additional therapeutic
interventions.
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