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INTRODUCTION

Appendiceal cancer is an unusual neoplasm with an annu-
al incidence of 1.3 cases per 1,000,000 people [1]. Nonperito-
neal metastases are observed at presentation in approximately 
20% of cases with the liver and lung accounting for the ma-
jority of sites [2]. Superimposed on the rarity of appendiceal 
cancer is the rarity of its metastasis to the brain. In an eight-
year Surveillance, Epidemiology, and End Results (SEER) da-
tabase analysis, Thompson et al. [3] identified 3 cases of brain 
metastases among 7,215 cases of appendiceal cancer for a prev-
alence of 0.042%. Habbous et al. [4] estimated in a nine-year 
population study that appendiceal primaries accounted for 
<0.02% of all brain metastases. Few case reports have described 
its intracranial spread [5,6].

Consequently, the nature of appendiceal cancer metastatic 
to the brain is poorly understood. In this report, we review our 
experience with a 47-year-old female who presented with a 
rare cerebral appendiceal carcinoma metastasis. This case may 
also represent the first diagnosis of primary medullary carci-
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noma of the appendix. Further, we report our findings from 
the first comprehensive literature review performed for cere-
bral appendiceal carcinoma metastases. 

CASE REPORT

A 47-year-old female with no significant past medical his-
tory presented in March 2019 to the emergency department 
following one week of nausea, vomiting, and headache. The 
remainder of her neurologic exam was negative. Upon further 
inquiry, she endorsed one year of abdominal pain associated 
with 13.6 kg unintentional weight loss. Imaging of the chest, 
abdomen, and pelvis demonstrated extensive disease involv-
ing the liver, spleen, left adrenal gland, mesentery, peritone-
um, and abdominal wall as well as regional lymphadenopathy. 
Brain MRI demonstrated an isolated 3.6×3.3×3.2 cm hetero-
geneously enhancing right frontal mass with extensive vaso-
genic edema (Fig. 1A).

She underwent craniotomy for gross total resection of the 
lesion followed by stereotactic radiotherapy (SRT) to the cavity 
(Cyberknife, 3 fractions × 8 Gy). Tumor tissue obtained from 
the brain favored metastatic, poorly differentiated carcinoma 
suggestive of gastrointestinal origin, possibly appendiceal. 
Blood biomarker showed a modestly elevated carcinoembry-
onic antigen (CEA) of 8.5 ng/mL and CA125 of 59 U/mL. To 
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identify primary origin, she underwent an esophagogastrodu-
odenoscopy and colonoscopy. A 1-cm mass with stigmata of 
recent bleeding was identified within the appendiceal orifice 
and sampled, confirming primary appendiceal carcinoma (Fig. 
1B). On the basis of her age, right-sided primary lesion loca-
tion, and loss of mismatch repair proteins, she was suspected 
to have had Lynch syndrome but germline molecular testing 
was not performed. She initiated palliative FOLFOX (oxalipla-
tin, 5-fluorouracil, and leucovorin) chemotherapy, transition-
ing after two cycles to pembrolizumab due to hepatic progres-
sion. In July 2019, SRT was repeated for 3 new metastatic foci 
within the brain; in August 2019, new lesions in the right cau-
date and medulla oblongata were observed. In September 2019, 
she was readmitted to the hospital for disease progression. She 
forewent further treatment and passed away within the month. 

Histopathology
A section of red-tan soft tissue was obtained from the right 

frontal lobe mass. Histopathology revealed a poorly differen-

tiated neoplasm with prominent sheet-like growth, prominent 
nucleoli and mitoses, and necrosis (Fig. 2). The lesion was pos-
itive for cytokeratin cocktail (AE1/AE3, Cam5.2), CK7 (fo-
cal), CDX-2, p63 (focal), CK5/6 (focal), glutamine synthetase 
(patchy), CD10, and polyclonal CEA (cytoplasmic) staining. 
There was negative staining for CK20, PAX8, WT1, GATA3, 
TTF1, napsin, p40, mammoglobin, synaptophysin, glypican 3, 
GFAP, Oct3/4, and SALL4. HepPar1 staining was equivocal. 
FoundationOne molecular profiling demonstrated biomarkers 
of high microsatellite instability and intermediate tumor mu-
tational burden (13 Muts/Mb) as well as genomic mutations 
of ARID1A, CDK12, CTNNB1, PIK3R1, PTEN, SETD2, and 
SOX9. Biopsy from the appendiceal mass revealed a poorly 
differentiated neoplasm with prominent sheet-like growth and 
mitotic activity morphologically consistent with the brain tu-
mor resection. Areas of glandular differentiation appeared pre-
dominantly reactive and representative of non-neoplastic tissue 
entrapped within the biopsy specimen (Fig. 3). Immunohisto-
chemistry for DNA mismatch repair proteins showed loss of 

Fig. 1. Images of appendiceal carcinoma with cerebral metastasis. A: Axial T1-gadolinum enhanced MRI of the brain demonstrating a het-
erogeneously enhancing right frontal mass with extensive vasogenic edema prior to resection. B: Appendiceal mass identified on colonos-
copy with stigmata of recent bleeding.

A B

Fig. 2. Photomicrographs of the right frontal mass showing metastatic poorly differentiated carcinoma. A: Low power (H&E, ×4) shows a 
poorly differentiated neoplasm with prominent sheet-like growth and necrosis (bottom). B: Higher power (H&E, ×20) highlights poorly differ-
entiated tumor cells with prominent nucleoli and mitotic activity. C: CDX-2 is positive in tumor cells, suggesting gastrointestinal origin. Scale 
bars = 200 µm (A), 50 µm (B), 100 µm (C).
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staining for MLH1 and PMS2 in the tumor cells, with intact 
staining of MSH2 and MSH6. On the basis of morphology, co-
loss of MLH1 and PMS2, and microsatellite instability with an 
ARID1A mutation, a primary diagnosis of medullary carcino-
ma (MC) of the appendix was favored.

DISCUSSION

We describe a widely metastatic appendiceal cancer in a 
47-year-old female who presented with a symptomatic cere-
bral metastasis following one year of vague gastrointestinal 
complaints. Appendiceal cancer is rarely suspected before di-
agnosis because its symptoms are often non-specific, such as 
discomfort, bloating, or weight changes, or it is incidentally 
discovered on surgical pathology specimens following appen-
dectomy for appendicitis. Consequently, its diagnosis is often 
delayed [2]. In a SEER database analysis, Minhas et al. [2] es-
timated that 38.4% of appendiceal adenocarcinomas present 
with metastatic spread with an associated with a median sur-
vival of 35 months. The peritoneum and regional lymph nodes 
are the most common metastatic sites followed by liver and 
lung [2]. Management of the primary site entails right hemico-
lectomy, which has demonstrated survival benefit over appen-
dectomy. Drawing on colorectal cancer treatment paradigms, 
the presence of nodal involvement supports using 5-FU-based 
systemic and intraperitoneal chemotherapy regimens [7].

The 2019 World Health Organization (WHO) classifies pri-
mary appendiceal cancers into four main categories: nonad-
enocarcinoma mucinous neoplasms, adenocarcinomas (sig-
net-ring, mucinous, nonmucinous/colorectal-type), goblet cell, 
and neuroendocrine (carcinoid) [8]. Rarer appendiceal pri-
maries also exist, including non-Hodgkin’s lymphomas and 
ganglioneuromas [7]. The average age at diagnosis of a non-
carcinoid primary appendiceal cancer is 55–65 years, whereas 
carcinoids are typically diagnosed late in the fourth decade of 
life [7]. Histologic subtype and TNM system staging are the 

crucial factors affecting overall 5-year survival with carcinoids 
faring best and signet ring faring worst (18% 5-year survival) 
[2,7].

A literature search of PubMed, Embase, and Google Scholar 
identified six additional cases of cerebral appendiceal metas-
tases (Fig. 4 and Table 1) [5,6,9-12]. The primary tumor histol-
ogy of cerebral appendiceal metastases was mucinous adeno-
carcinoma in 3 cases and non-mucinous adenocarcinoma, 
goblet cell, and unspecified adenocarcinoma each in 1 case. 
The age at their primary diagnosis ranged from 33–72 years 
(average 55.8±16.0). Hemi-colectomy was performed in 5/6 
cases that developed cerebral appendiceal metastases with our 
case proceeding immediately to FOLFOX chemotherapy in 
light of the systemic disease burden at presentation.

Fig. 3. Photomicrographs of the appendix tumor biopsy, poor differentiated carcinoma, favoring medullary carcinoma. A: High power (H&E, 
×20) highlights a poorly differentiated tumor with sheet-like growth, prominent nucleoli, and mitotic activity, similar to the brain lesion. B: Im-
munohistochemistry for mismatch repair protein MLH-1 shows loss in tumor cells with retention in adjacent non-neoplastic cells. C: Immu-
nohistochemistry for mismatch repair protein PMS-2 shows loss in tumor cells with retention in adjacent non-neoplastic cells. Scale bars = 
50 µm (A), 100 µm (B and C).

A B C

(appendix OR appendiceal) AND (cancer OR  
carcinoma OR carcinoid OR tumor OR neoplasm OR  

adenocarcinoma) AND (brain OR cerebral OR  
cerebrum OR cerebellum OR cerebellar OR intracranial) 

AND (metastasis OR metastases OR metastatic)

PubMed

32 Results

155 Results

6 Included

6 Included

86 ResultsFirst 1,000 results

46 Full text exclusions

0 References/citations

118 Duplicates
948 title/abstract exclusions

EmbaseGoogle Scholar

Fig. 4. Flow chart of search results for cerebral appendiceal me-
tastases performed May 2022 using the databases of PubMed, 
Embase, and Google Scholar. 



C Mackel et al.

203

Ta
bl

e 
1.

 L
ite

ra
tu

re
 re

vi
ew

 o
f c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 p
at

ie
nt

s 
w

ith
 c

er
eb

ra
l a

pp
en

di
ce

al
 c

an
ce

r m
et

as
ta

se
s

St
ud

y
Se

x

A
ge

 at
 

pr
im

ar
y 

di
ag

no
sis

(y
r)

A
ge

 at
 

in
tra

cr
an

ia
l 

di
ag

no
sis

(y
r)

Pr
im

ar
y t

o 
in

tra
cr

an
ia

l 
di

ag
no

sis
 

(m
on

th
s)

Pr
im

ar
y 

hi
sto

lo
gy

Sy
ste

m
ic

 tr
ea

tm
en

t
Ex

tra
cr

an
ia

l s
ite

s 
at

 b
ra

in
 d

ia
gn

os
is

In
tra

cr
an

ia
l 

fin
di

ng
s

In
tra

cr
an

ia
l 

tre
at

m
en

t

Fo
llo

w
-u

p 
fro

m
 

pr
im

ar
y D

x 
(m

on
th

s)
 

Fo
llo

w
-u

p 
fro

m
 

CN
S 

D
x 

(m
on

th
s)

A
liv

e 
or

 
de

ad

Pr
es

en
t c

as
e

F
47

47
0

M
ed

ul
lar

y  
  c

ar
cin

om
a

1.
 F

O
LF

O
X

2.
 P

em
br

ol
izu

m
ab

• A
bd

om
in

al
 w

al
l

• A
dr

en
al

• L
ym

ph
 n

od
e

• L
iv

er
• O

m
en

tu
m

• P
er

ito
ne

um
• S

pl
ee

n

• S
in

gl
e

• R
ig

ht
 fr

on
ta

l
• 3

.2
 cm

G
TR

 +
 SR

T 
 

  �(
3 

fra
ct

io
ns

 
×

8 
G

y)

7
7

D
ea

d

Ro
y e

t a
l. [

9]
M

70
N

R
N

R
N

on
-m

uc
in

ou
s  

  �a
de

no
ca

rc
in

om
a

1.
 �H

em
ico

lec
to

m
y, 

 
om

en
te

ct
om

y, 
 

ch
ol

ec
ys

te
ct

om
y, 

 
tu

m
or

 re
se

ct
io

n 
 

off
 b

la
dd

er
 +

  
liv

er
, H

IP
EC

• A
dr

en
al

s
• B

la
dd

er
• L

ym
ph

 n
od

e
• O

m
en

tu
m

• P
er

ito
ne

um
 

N
R

N
R

19
N

R
D

ea
d

Fo
ste

r e
t a

l. [
6]

M
72

76
>3

6 
Ad

en
oc

ar
cin

om
a

1.
 H

em
ico

lec
to

m
y

2.
 �2

 cy
cle

s F
O

LF
O

X 
+ 

Av
as

tin
 

• B
la

dd
er

• L
iv

er
• L

un
g

• L
ym

ph
 n

od
es

• O
m

en
tu

m
• P

er
ire

ct
al

• P
er

ito
ne

um
 

• S
in

gl
e

• 2
.8

 cm
G

TR
 +

 SR
S

>3
6

2
A

liv
e

N
on

ak
a e

t a
l. [

10
]

N
R

N
R

N
R

N
R

G
ob

let
 ce

ll
N

R
• B

on
e

• P
er

ito
ne

um
N

R
N

R
N

R
N

R
D

ea
d

Bi
ro

li 
et

 al
. [

5]
 

M
67

67
0

M
uc

in
ou

s  
  a

de
no

ca
rc

in
om

a
1.

 H
em

i-c
ol

ec
to

m
y

• L
ym

ph
 n

od
es

• P
er

ito
ne

um
• S

in
gl

e
• �R

ig
ht

  
te

m
po

ra
l l

ob
e

• 4
 cm

 

G
TR

 +
 W

BR
T 

 
  �(

30
 G

y, 
 

15
 fr

ac
tio

ns
  

×
2 

G
y)

 

7
7

D
ea

d

D
ie

tri
ch

 et
 al

. [
11

]
F

33
N

R
N

R
M

uc
in

ou
s  

  a
de

no
ca

rc
in

om
a

1.
 H

em
ico

lec
to

m
y

• O
m

en
tu

m
• O

va
ry

N
R

N
R

91
N

R
A

liv
e

Sp
an

n 
et

 al
. [

12
]

M
46

49
38

M
uc

in
ou

s  
  a

de
no

ca
rc

om
a

1.
 H

em
ico

lec
to

m
y

• L
un

g
• V

er
te

br
ae

• S
in

gl
e

• L
eft

 p
ar

ie
ta

l
Bi

op
sy

42
3

D
ea

d

CN
S,

 c
en

tra
l n

er
vo

us
 sy

ste
m

; D
x,

 d
ia

gn
os

is;
 G

TR
, g

ro
ss

 to
ta

l r
es

ec
tio

n;
 H

IP
EC

, h
yp

er
-th

er
m

ic 
in

tra
pe

rit
on

ea
l c

he
m

ot
he

ra
py

; N
R,

 n
ot

 re
po

rte
d;

 S
RT

, s
te

re
ot

ac
tic

 ra
di

at
io

n 
th

er
ap

y;
 W

BR
T,

 
w

ho
le 

br
ai

n 
ra

di
at

io
n 

th
er

ap
y



204  Brain Tumor Res Treat  2022;10(3):200-205

Cerebral Appendiceal Cancer Metastases 

Performing a systematic review of brain metastases in colorec-
tal cancer, Christensen et al. [13] reported that the median in-
terval from primary diagnosis to brain metastasis ranged from 
20–40 months. They reported that 87.7% of patients with brain 
metastases develop extracranial metastases and the interval 
from a diagnosis of an extracranial metastasis to brain metas-
tasis is 9–23 months. Prognosis following brain metastasis is 
grim and ranges from 1 to 13 months [3]. Jung et al. [14] re-
ported on 126 patients with cerebral colorectal metastases at 
their institution and observed a median survival of only 5.4 
months after diagnosis and 1-year survival of 11.5%. On uni-
variate analysis, they reported improved median survival with 
radiosurgery (9.5 months) and surgical resection (11.5 months) 
compared to supportive care (1.5 months) and whole brain 
radiation (4.0 months) but also noted that solitary lesions fared 
better than multiple lesions (9.0 months vs. 4.0–4.7 months) 
[14]. We note that all 7 cases of cerebral appendiceal metasta-
ses had extracranial metastases at intracranial diagnosis and 
in 2/4 cases the diagnosis of an appendiceal brain metastasis 
was made at the same time as part of the patient’s initial pre-
sentation. Management of the cerebral metastasis was described 
in 4 cases, and in 3 cases gross total resection and radiation 
were utilized. Survival appeared poor as 5/7 cases were dead at 
final follow-up; however, only 4 cases reported follow-up length 
after intracranial metastasis (range 2–7 months).

MC is an uncommon gastrointestinal histopathology pri-
marily associated with colorectal cancer. It is characterized by 
a syncytial growth pattern, vesicular nuclei with conspicuous 
nucleoli, marked eosinophilic cytoplasm, and numerous in-
traepithelial lymphocytes. As a poorly differentiated carcino-
ma, it can be difficult to discriminate from poorly differenti-
ated adenocarcinoma (PDA). Although the WHO define MCs 
as lacking features of glandular or intestinal differentiation, 
most studies allow for some evidence of differentiation [15]. 
The criteria suggested by the American Joint Committee on 
Cancer/College of American Pathologists recommendations 
for a MC diagnosis is ≥50% of the tumor lacking overt glandu-
lar formation. Study variation in the degree of glandular differ-
entiation allowed has led to a range of prevalence estimates for 
MC (0.1%–2.8% of colorectal carcinomas) [16]. 

Immunohistochemical and molecular markers proposed to 
differentiate MC from PDA include expression of calretinin 
[17], loss MLH-1 [15,17], loss of PMS-2 [15], loss of CDX2 
[17], loss of p53 [15], BRAF mutations (among patients with-
out Lynch syndrome) [18], and ARID1A mutations [19]. Winn 
et al. [17] reported a positive predictive value of 82% for MC 
when there is calretinin expression, MLH-1 loss, and CDX2-
loss. However, only microsatellite instability and loss of MLH-1 
have been reliably reproduced across studies as significantly 
more common in MC than PDA, and no single feature fully 

determines diagnosis [15,17]. As such, some authors would 
prefer classifying poorly differentiated carcinomas by molec-
ular analyses and microsatellite status rather than histopathol-
ogy [15]. Although prognosis in MC has been previously felt 
to be more favorable than PDA [17,18], survival benefit is mark-
edly reduced when controlling for mismatch repair protein de-
ficiency [16] or ARID1A mutations [19]. With the understand-
ing that our case would represent the first description of primary 
MC arising within the appendix, we favored a diagnosis of MC. 
Because calretinin staining was not performed and the primary 
tissue analyzed was a biopsy specimen, the diagnosis of MC was 
rendered as “probable.”

Primary appendiceal carcinoma metastatic to the brain is 
an extremely rare phenomenon. We performed the first com-
prehensive literature review for cerebral appendiceal metas-
tases and describe the seventh case. Clinicians should be aware 
that cerebral appendiceal metastases typically also present with 
extracranial metastases and portend poor prognosis with 5/7 
cases dead at final follow-up. The most common primary ap-
pendiceal histology to the brain is mucinous adenocarcinoma, 
which was reported in 3/7 cases. Our case is further signifi-
cant for having illustrated the first histologic diagnosis of pri-
mary MC in the appendix and observed its capacity to me-
tastasize to brain. 
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