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A tumor with a neuroendocrine and papillary serous component 

Abstract 
Aims 

To examine the clonal origin of a tumor, made up of a neuroendocrine component 
and a papillary serous component, by comparing the pattern of loss of heterozy
gosity (LOH) and the immunohistochemical protein expression of both components. 

Methods and results 

A 70 year old woman, known to have a metastasized neuroendocrine carcinoma, 
underwent resection of the distal part of the ileum, because of obstruction by a 
mesenterial mass. The macroscopically homogeneous mesenterial mass consist
ed histologically of an admixture of a neuroendocrine component and a papillary 
serous carcinoma. 
Loss of heterozygosity (LOH) analysis of both components with a panel of 15 poly
morphic microsatellite markers showed a distinctive pattern of LOH on chromo
some 4q and 17, but involving different alleles at the same locus. Moreover, both 
components showed different immunohistochemical staining patterns for neu
roendocrine markers, cytokeratin 7, carcinoembryonic antigen, and CA125. 

Conclusion 

Both LOH analysis of the neuroendocrine and papillary serous components of this 
tumor and the immunohistochemical profile of both components are consistent 
wi th a different clonal origin. The tumor is probably a collision tumor, in which 
the papillary serous carcinoma must have been of peritoneal origin, because 
necropsy revealed a normal uterus and normal ovaries. 

In t roduct ion 

A composite tumor is defined by the mixture or coexistence of distinct components 
made up of different histological features. Composite tumors are relatively rare 
and they can be encountered at various locations. Composite tumors made up of 
a neuroendocrine component and an adenocarcinoma component have been 
described in the gastrointestinal tract, breast, bladder, ovary and pros ta te . L 2 

An interesting issue concerning these composite tumors is, whether the histo
logically distinctive parts of the tumor reflect the ability of one tumor cell to 
proliferate and differentiate into two different directions, or whether the tumor 
is really composed of two neoplastic clones that have arisen from different cell 
types in close proximity to one another. In this last case the composite tumor 
can be considered as a collision tumor. 3 

Using immunohistochemistry, similarities and differences in protein expression 
between the various tumor components can be demonstrated, but this mostly 
provides information on the differentiation of the tumor cells and does not nec
essarily give any information on their developmental route. However, study of 
genetic changes, which are at the basis of malignant cell transformation, can be 

45 



CHAPTER 4 

very useful for determining the way in which a neoplasm has developed. Therefore, 
the examination and comparison of the pat tern of loss of heterozygosity (LOH) 
in the two parts of a composite tumor can provide a powerful means of answer
ing this question of origin. 
Here, we report a case of a metastasized neuroendocrine carcinoma of the gas
trointestinal tract wi th an admixture of areas of papillary serous carcinoma. 
Because the patient was not known to have a primary tumor resembling a papil
lary serous carcinoma, it was thought possible that the papillary serous compo
nent had arisen from the neuroendocrine tumor or vice versa. Alternatively, it 
could potentially represent a collision of the two neoplasms. A comparison of 
the pat tern of LOH of a spectrum of polymorphic microsatellite markers at vari
ous chromosomal loci in both the neuroendocrine and papillary serous compo
nents, suggested that both components had originated from different cell types. 

Material and methods 
Case report 

A 70 year old woman had a medical history of a right hemicolectomy for a Dukes's 
stage B mucinous adenocarcinoma of the colon at the age of 52 (figure 4.1A). 
At the age of 67 she suffered temporarily from abdominal crampy pain, diarrhoea, 
and weight loss (10 kg). Colonoscopy and other investigations were negative. 
Currently, the patient presented wi th nausea, vomiting and fatigue. At physical 
examination the abdomen was distended, although the liver was not enlarged. 
Ultrasound and an abdominal computed tomography scan revealed multiple 
large liver metastases, enlarged retroperitoneal lymph nodes and a tumor mass 
in the right upper abdomen. A second primary colonic tumor was excluded by 
endoscopy. A liver biopsy showed metastases of a low grade neuroendocrine car
cinoma (carcinoid tumor; figure 4.IB). Urinary 5-hydroxyindole acetic acid 
excretion was not raised. To choose the optimal palliative treatment nuclide 
imaging was performed.4 0 Both the somatostat in receptor imaging with m I n 
pentreotide and the 131I-meta-iodobenzyl guanidine scan showed clear retention 
in the liver metastases and the other abdominal localisations. Just before medical 
t reatment was started, the symptoms of bowel obstruction at the level of the 
duodenum rapidly worsened. At laparotomy a tumor mass was present near the 
pancreas and the ileotransversostomy. This process had induced ischemia of the 
distal ileum.The distal part of the ileum and the obstructing mesenterial tumor 
mass were resected and the vascularisation improved. However, three days later 
signs of ischemia reappeared and at relaparotomy a resection of 40 cm of necrot
ic small bowel was performed. Four days after the second operation the patient 's 
condition deteriorated acutely, as a result of massive bleeding from the superior 
mesenteric artery. A third laparotomy was refused and the patient died at day 9 
after the first operation. A necropsy was performed. 
Gross examination of the distal ileum that was resected during surgery, showed 
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A tumor with a neuroendocrine and papillary serous component 

Figure 4.1 A: Mucinous adenocarcinoma of the colon, diagnosed 18 years 
before the current medical history. B:Low grade neuroendocrine carcinoma. 
C: Papillary serous carcinoma in the mesentery of the resected ileum. 
D: Collision of the papillary serous and neuroendocrine component in the 
mesentery of the resected ileum. 

several similar looking, whi te tumor nodules wi th a maximal diameter of 8 cm, 
in the fatty tissue of the mesentery, outside the small bowel wall. Microscopically, 
an admixture of two histologically different components was found in the tumor 
nodules, even though they had a homogeneous macroscopic appearance. One 
component consisted of islets of monotonous epithelial cells wi th round nuclei 
and granular chromatin, consistent with a localisation of the low-grade neuroen
docrine carcinoma, diagnosed previously. The other component consisted of papil
lary formations and tubules covered with serous epithelium the cells of which 
contained enlarged, polymorphic nuclei with a high mitotic activity. Psammoma 
bodies were also present. These features were characteristic of the histological 
appearance of a papillary serous adenocarcinoma (figs 4.1C.D). Both components 
had a different immunohistochemical pattern of protein expression (table 4.1). 
The neuroendocrine component was positive for the common neuroendocrine 
markers such as chromogranin, synaptophysm and NSE, but negative for cyto-
keratin 7, cytokeratin 20, carcinoembryonic antigen (CEA), CA125 and the pro
tein product of the tumor suppressor gene p53. The papillary serous component 
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Marker Neuroendocrine 
carcinoma 

Papillary serous Colonic 
adenocarcinoma adenocarcinoma 

Chromogranin 

Synaptophysin 

NSE 

Cytokeratin 7 

Cytokeratin 20 

CA 125 

CEA 

P53 

Positive 

Positive 

Positive 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Negative 

Positive 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Positive 

Table 4.1 Immunohistochemical results. CEA=carcinoembryonic antigen, 
NSE = neuron-specific enolase. 

did not express neuroendocrine markers, cytokeratin 20, CEA or p53, but was 
CA125 positive. Because the patient apparently had a CA125 positive papillary 
serous tumor, a diagnosis of a disseminated ovarian carcinoma, in addition to 
the already diagnosed neuroendocrine carcinoma, was considered in this patient. 
Surprisingly, at necropsy both ovaries looked normal and their microscopic 
appearance was consistent wi th the age of the patient; no tumor was found. 
We then reviewed the slides of the adenocarcinoma of the colon, for which the 
patient underwent surgery 18 years earlier. The tumor was a mucinous colonic 
adenocarcinoma and this tumor did not show histological similarities to either 
the neuroendocrine carcinoma or the papillary serous adenocarcinoma. Immuno
histochemical staining for CEA and p53 was positive, while the tumor was nega
tive for CA125 and neuroendocrine markers. 
To investigate whether the neuroendocrine carcinoma and papillary serous car
cinoma were two unrelated neoplasms or whether they were derived from the 
same clonal expansion, molecular LOH analysis was performed. 

Loss of heterozygosity (LOH) analysis 

For molecular analysis, one area from each component was examined. From each 
part seven 10 fim thick serial paraffin wax embedded sections were used for 
DNA isolation. Adjacent thin sections were used for histopathologic evaluation 
of the tumor. Sections were dewaxed by standard procedures. The unstained 
sections were incubated for 16 hours in 1 M sodium thiocyanate at 37°C to 
remove crosslinks, followed by two five minute washes in phosphate buffered 
saline. Subsequently, guided by the thin haematoxylin and eosin section, the 
region wi th the highest tumor percentage was scraped wi th a scalpel from the 
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Marker 

D1S228 

D1S2766 

D4S430 

D5S346 

D5S644 

D8S258 

D8S552 

D9S171 

D9S288 

D9S286 

D10S192 

D10S217 

D14S68 

D17S588 

D18S58 

Chromosome 
arm 

1p36 

1p22 

4q28 

5q22-5q23 

5q15 

8p22 

8p22 

9p21 

9p23-9p21 

9p21 

10q23.3-10q24.1 

10q25-

14q24. 

17 

18q22-

10q26 

3-14q31 

18q23 

T1 
conclusion 

Ni 

ROH 

LOH 

Ni 

ROH 

Ni 

Ni 

ROH 

Ni 

ROH 

ROH 

ROH 

LOH 

LOH 

LOH 

T1 LOH 
allele 

allele 1 

_ 

_ 

— 

_ 

-

_ 

_ 

allele 2 

allele 1 

allele 2 

T2 
conclusion 

Ni 

LOH 

LOH 

Ni 

LOH 

Ni 

Ni 

ROH 

Ni 

ROH 

ROH 

ROH 

ROH 

LOH 

ROH 

T2 LOH 
allele 

allele 1 

allele 2 

_ 

allele 1 

_ 

_ 

-

_ 

— 

_ 

allele 2 

-

Table 4.2 Pattern of loss of heterozygosity (LOH) in the neuroendocrine car
cinoma (T1) and the papillary serous adenocarcinoma (T2). 
Ni = not informative, ROH = retention of heterozygosity. 

glass slide, and transferred to a tube containing digestion buffer: 2mg/ml proteinase 
K (Roche, Basel, Switzerland) in 10 mM Tris-HCl (pH 8.0), 50 mM KC1, 2.5 mM 
MgCl2, 0.5% Tween 80 and 0.1 mg/ml gelatine. The estimated tumor percentage 
in both samples was 90%. 
Tubes were incubated for 24 hours at 55°C, proteinase K was heat inactivated at 
95°C for 10 minutes, and after centrifugation the supernatant was transferred to 
a clean tube and stored at 4°C until use. 
DNA samples isolated from the tumor and normal tissue obtained from a sepa
rate tissue block containing a lymph node were analysed using 15 polymorphic 
microsatellite repeat markers selected through Genomic Data Base (table 4.2). 
The fluorescent labelling of the primer allows the semiquantative evaluation of 

4 9 



CHAPTER 4 

0.5-1 

O) 

U) 
o y— 

U 

0. 

<M 
CO 
O 

CD 
in 
•x 
n 
l - N 1 -

111 
n 

CD 

to in 
Q 

CO 
in 

CO 
oo 
Q 

LU 
0. 

CO 
CO 
Q 

,-r~ 
CO 
0) 
Q 

111 

a CD 
CD 
CM 
C/) 
O) 
Q 

111 
n 
CO 
CO 
CM 
co 
Ol 
Q 

Figure 4.2 The al lel ic imba lance of t he var ious mic rosate l l i te markers used 
f o r the LOH analysis of the t w o t u m o r s . LOH is seen at markers D4S430 
( ch romosoma l arm 4q) and D17S588 ( ch romosome 17) in bo th t u m o r s , bu t 
invo lv ing d i f f e ren t alleles ( ind ica t ive of a d is t inc t o r ig in of the t w o t u m o r s ) . 
Tumor 1 = n e u r o e n d o c r i n e ca rc inoma, t u m o r 2 = pap i l la ry serous adenocarc i 
noma . NR = norma l ra t io , TR = t u m o r ra t io . 

the polymerase chain reaction (PCR) products using the ABI377 automatic sequen
cer. The peak intensity of the PCR products was determined and used to calcu
late the intensity ratio between the two allele-peaks of heterozygotes. This ratio 
is subsequently normalized using the peak intensity of the normal DNA (divided 
by the ratio of the normal alleles) resulting in a LOH-index. An LOH-index 
below 0.75 was interpreted as evidence of LOH, whereas an index above this val
ue was considered to be retention of heterozygosity (ROH). Table 4.2 and fig 4.2 
show the results of the LOH analysis. 
The most important finding is that the neuroendocrine and papillary serous com
ponents both have loss of heterozygosity on chromosome 4q and 17, but involv
ing different alleles at the same locus. This finding, together wi th the distinctive 
pat tern of LOH in both components, suggests that they were derived from dif
ferent neoplastic clones. 
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Discussion 

Here we describe a patient with a widely disseminated neuroendocrine carcinoma 
of unknown origin, who underwent resection of an obstructing mesenterial 
tumor mass, in which areas of papillary serous adenocarcinoma were found in 
close association wi th areas of neuroendocrine carcinoma. Furthermore, 18 years 
earlier, the patient underwent surgery for a mucinous adenocarcinoma of the 
colon, Dukes's stage B, which had been resected completely. 
When a patient presents with a tumor in which histologically distinct components 
are recognized, the question arises whether these components have originated 
from the same precursor cell followed by subsequent differentiation into differ
ent directions or whether the components represent the ' incidental ' collission of 
unrelated neoplasms. 
Immunohistochemical studies of composite carcinoma-carcinoid tumors compared 
with pure carcinoid tumors and adenocarcinomas of the gastrointestinal tract 
have shown, that sometimes one component of a composite tumor expresses a 
protein, that otherwise would be only expected in its counterpart .1 This was 
used as an argument in favor of the hypothesis that these tumors came from a 
common precursor cell. In the case reported here, the immunohistochemical 
profiles of the neuroendocrine component and the areas of papillary serous car
cinoma did not correspond. Thus there is no evidence, that these components 
have a common progenitor cell, although this can not be ruled out completely. 
Molecular genetic analysis in this regard can be more distinctive and definitive 
than immunohistochemistry in examining the origin of two components of a 
composite tumor because this methodology focuses directly on the developmen
tal route of the tumor by studying the alterations in the DNA. In this case, 
LOH-analysis of the areas wi th neuroendocrine and papillary serous differentia
tion was performed, in addition to immunohistochemical examination. This 
technique has already proved to be a powerful tool in demonstrat ing a common 
or a different clonal origin in neuroendocrine and other tumors.6-7 

In our case, 10 of a panel of 15 markers were informative. Six of these 10 infor
mative markers, showed a difference between both components (table 4.2). 
Importantly, two of the markers, on chromosome 4 and 17, demonstrated LOH in 
both components, but involving different alleles at the same locus. These results 
are consistent wi th the two components originating from a different neoplastic 
clone (table 4.2, fig 4.2): because several sections of each component were used 
for LOH analysis, the LOH pattern can be considered as relatively specific for 
that particular part of the tumor. It is very unlikely that two components of the 
same tumor would show a completely different, but specific, pat tern of LOH 
and at the same time would have loss of a different allele at the same locus of a 
particular chromosome.8 Nevertheless, loss of a different allele at the same locus 
within one tumor can be encountered on rare occasions. For example, it can be 
caused by somatic crossing over during mitosis of a cell heterozygous for a 
marker. This results in two daughter cells, both of which are now homozygous 
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for that marker, each having lost a different allele.9 Another possibility is that the 
loss of an allele on a specific chromosome, or part thereof, and the resultant hap-
lo-insufficiency of the genes in this region, might provide a microevolutionary 
(growth) advantage in a specific t umor . 8 1 0 Within a genetically less stable 
tumor, such loss could occur twice and affect different alleles. 
Although these mechanisms can account for genetic heterogeni ty wi th in one 
tumor, we feel that in this case the total pattern of LOH and the pat tern of pro
tein expression suggest that a collision tumor has arisen from a metastasized 
neuroendocrine carcinoma and a papillary serous adenocarcinoma. 
In view of the negative findings in the ovaries and uterus at necropsy, the papillary 
serous adenocarcinoma must be of peritoneal origin. In these tumors, CA125 posi-
tivity has been described.11 Moreover, the site of the tumor and the normal aspect 
of the other visceral organs at necropsy are in accordance with this diagnosis. 
The absence of any microscopic similarities between the colonic adenocarcino
ma and either the neuroendocrine carcinoma or the papillary serous tumor, the 
differences in protein expression between the tumors found by immunohisto-
chemistry and the interval of 18 years between the diagnosis of colonic adeno
carcinoma and metastasized neuroendocrine carcinoma, make it very unlikely 
that there is a relationship between the colonic adenocarcinoma and the other 
two tumors. Unfortunately, due to technical problems (DNA could not be iso
lated from the 18 year old paraffin wax embedded material) LOH-analysis of the 
colonic adenocarcinoma could not be performed to confirm this notion. 
In summary, we report a tumor consisting of a neuroendocrine component and 
areas of papillary serous adenocarcinoma. By means of LOH-analysis and 
immunohistochemistry, a different clonal origin of both tumor components is 
suggested. Because the ovaries and uterus did not contain tumor, the papillary 
serous adenocarcinoma must have been of peritoneal origin. 

References 
1 Klappenbach RS, Kurman RJ, Sinclair CF et al. Composite carcinoma-carcinoid 

tumors of the gastrointestinal tract: A morphologic, histochemical, and immuno-
cytochemical study. Am J Clin Pathol 1985; 84:137-43. 

2 Muto Y, Okamoto K, Uchimura M. Composite tumor (ordinary adenocarcinoma, typ
ical carcinoid and goblet cell adenocarcinoid) of the gallbladder: A variety of com
posite tumor. Am J Gastroenterol 1 984,79:645-9. 

3 Lyda MH, Fenoglio-Preiser CM. Adenoma-carcinoid tumors of the colon. Arch Pathol 
Lab Med 1998;122:262-5. 

4 Taal BG, Hoefnagel CA, Valdes Olmos RA et al. Palliative treatment of meta-iodoben-
zyl guanide in metastatic carcinoid tumors. 7 Clin Oncol 1 996; 14:1 829-38. 

52 



A tumor with a neuroendocrine and papillary serous component 

5 Taal BG, Hoefnagel CA, Valdes Olmos RA et al. Combined diagnostic imaging with 
1 31-l-metaiodobenzyl guanideand 111-ln-pentreotide in carcinoid tumours. Eur J 
Cancer 1 996;32A:1 924-32. 

6 Milchgrub S, Wistuba II, Kim BK ef al. Molecular identification of metastatic cancer 
to the skin using laser capture microdissection. Cancer 2000;88:749-54. 

7 van Rees BP, Cleton-Jansen AM, Cense HA ef al. Molecular evidence of field can
c e l a t i o n in a patient with 7 tumors of the aerodigestive tract. Hum Hathol 2000; 
31:269-71. 

8 Hartmann A, Rösner U, Schlake G ef al. Clonality and genetic divergence in multifocal 
low-grade superficial urothelial carcinoma as determined by chromosome 9 and p53 
deletion analysis. Lab Invest 2000;80(5):709-71 8. 

9 Thiagalingham S, Laken S, Willson JKV ef ai. Mechanisms underlying losses of het
erozygosity in human colorectal cancers. Proc Natl Acad Sci USA 2001;98(5):2698-2702. 

10 Zahedi A, Booth GL, Smyth HS ef al: Distinct clonal composition of primary and 
metastatic adrencort icotrophic hormone-producing pi tui tary carcinoma. Clin 
Endocrin 2001;55:549-556. 

1 1 Zhou J, Iwasa Y, Konishi I ef al: Papillary serous carcinoma of the peritoneum in wom
en. A clinicopathologic and immunohistochemical study. Cancer 1 995;76:429-36. 

53 




