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11.1	 �Introduction

Most peritoneal metastases are secondary to 
other primary tumours whilst some rare tumours 
arise from the peritoneum itself. With the pleth-
ora of diagnostic investigations available, estab-
lishing the diagnosis and origin of peritoneal 
metastases is not a problem. Yet some situations 
can be challenging when an unsuspecting sur-
geon commits a diagnostic blunder or the pri-
mary tumour remains elusive despite a focused 
search. The curative treatment of PM is only for 
selected patients and comes with its own morbid-
ity and cost [1]. Subjecting a patient to surgery 
where it is not indicated may lead to unnecessary 
morbidity and not uncommonly, early and symp-
tomatic recurrence that can make the patient inel-
igible for systemic therapies [2]. Sugarbaker first 
reported the benefit of performing cytoreductive 

surgery and HIPEC in 15 patients with peritoneal 
metastases with undetermined primary site [3]. In 
this series, there were six patients with a poorly 
differentiated adenocarcinoma, four with adeno-
carcinoma and four with mucinous adenocarci-
noma. Since the publication in 2001, progress 
has been made in molecular biology and diagnos-
tic methods and newer and more effective sys-
temic therapies have become available.

In many primary tumours, PM are a part of 
widespread metastatic disease. In a smaller per-
centage, they occur in isolation. Ovarian cancer 
is the exceptional tumour where peritoneal dis-
ease is not considered as distant metastases. The 
commonest tumours presenting to a peritoneal 
surface oncology unit are ovarian cancer, colorec-
tal cancer, gastric cancer and rare peritoneal 
tumours like mucinous appendiceal tumours, 
peritoneal mesothelioma among others [4]. 
Commonest histological subtypes include adeno-
carcinomas, serous carcinomas, mucinous carci-
nomas and some rare tumours like round cell 
tumours and sarcomas. Either it is a common his-
tology with an occult primary or an uncommon 
histology that needs to be accurately diagnosed. 
Peritoneal metastasis with an unknown primary 
site is a rare entity that has not been addressed 
separately. We look at the common histologies 
seen in peritoneal metastases, their commonest 
differential diagnosis and some peculiar situa-
tions in this chapter. The clinical aspects are 
touched in brief with greater stress on the 
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pathological aspects of diagnosis. The uncom-
mon histologies have been discussed in the pre-
ceding chapter.

11.2	 �Definition

Metastatic cancer of unknown primary (CUP) is 
defined as:

Histologically confirmed malignancy, for 
which no primary site is found despite an exten-
sive diagnostic work-up [5].

Similarly, peritoneal metastases may occur in 
the absence of a known, identified primary 
malignancy.

11.3	 �Pathogenesis

There are two theories proposed to explain the 
development of CUP. The first hypothesis pos-
tulates that CUP does not undergo type 1 pro-
gression (from a premalignant lesion to 
malignant) but instead it follows a type 2 pro-
gression without forming a primary site. The 
second hypothesis supports that CUP follows 
the parallel progression model, where metasta-
ses can arise early in the development of a 
malignant process [6, 7].

There are some histologies that have a favour-
able outcome with treatment and are considered 
to be tumours with a good prognosis like papil-
lary adenocarcinoma of the peritoneum and there 
are others that have a poor prognosis like adeno-
carcinoma having the marker profile of colonic 
origin [8].

11.4	 �Pathological Evaluation

Pathological evaluation of biopsy specimens or 
surgical specimens is the gold standard for estab-
lishing the diagnosis. Immunohistochemistry is a 
very useful adjunct to histopathological evalua-
tion that is now considered an extension of rou-
tine pathological reporting. Molecular tests may 
be performed to confirm the diagnosis of rare 
tumours with known genetic alterations or to 
determine the diagnosis in cases where the histo-

pathological evaluation is inconclusive and also 
to identify known and unknown therapeutic tar-
gets and are discussed in the following chapter.

It must be borne in mind that the pathological 
evaluation should not be performed in isolation, 
but keeping in mind the clinical history and other 
clinical findings. The other challenge is that in 
most instances, the diagnosis has to be made on a 
tissue sample that has been obtained by perform-
ing a transabdominal or laparoscopic biopsy and 
may be inadequate. Good coordination between 
the surgeons and pathologist is essential. 
Laparoscopic biopsy where possible is better as it 
allows better sampling. The morphology of the 
peritoneal deposits and disease extent can also be 
evaluated. Fluid samples alone may be submit-
ted, but it is better if the evaluation is performed 
on biopsy specimens as often these are paucicel-
lular and non-representative of the actual tumour.

In this chapter, we have broadly divided the 
tumours into five groups—adenocarcinomas, 
serous carcinomas, mucinous carcinomas, sarco-
mas and uncommon histologies. These groups 
are not mutually exclusive. The distinction 
between the subtypes of adenocarcinoma and 
serous carcinomas is not always clear and pathol-
ogists may put the same tumour in either group. 
The rare histologies are discussed elsewhere in 
this book.

11.4.1	 �Adenocarcinomas

Metastatic adenocarcinoma is perhaps the most 
common histological finding in peritoneal metas-
tases. Though the exact incidence is not known, 
in majority of the cases, the underlying primary 
is from colorectum, stomach and ovaries. Other 
less common primaries presenting with isolated 
peritoneal metastases are endometrial adenocar-
cinoma, small bowel adenocarcinoma, appendi-
ceal adenocarcinoma, cervical adenocarcinoma, 
pancreatobiliary adenocarcinomas and metastatic 
breast carcinoma. In majority of the cases, the 
primary site is evident on imaging.

11.4.1.1	 �Clinical Findings
In male patients, the commonest differentials 
would be colorectal, gastric and pancreaticobiliary 
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primaries, whereas in females it would be ovarian 
cancer, colorectal and gastric cancer. Though most 
of these tumours have an increased incidence in 
the older age groups, young age alone does not 
rule out any of the common primary tumours. 
There are no specific clinical findings in patients 
with PM that point towards the primary tumour 
site. The finding of PM may be incidental for 
investigations performed for non-specific symp-
toms or the presentation may be of advanced dis-
ease with ascites and its ensuing problems. A 
detailed clinical history of previous illnesses and 
treatments should be elicited. In rare situations, 
even when there is a history of pervious malig-
nancy, PM may not be secondary but due to a pri-
mary tumour arising from the peritoneum. Upper 
and lower gastrointestinal endoscopy may not 
reveal a primary tumour and whole body imaging 
is negative for a primary. There is no pattern of 
peritoneal distribution that can point towards a 
particular diagnosis. The alteration in the tumour 
marker levels could give some clue about the pri-
mary site. There can be two clinical scenarios—
bilateral ovarian metastases with peritoneal 
deposits with no other apparent primary site and 
PM alone with an occult primary. An appendiceal 
primary tumour should be suspected and searched 
by laparoscopic evaluation. It could be difficult, 
even by laparoscopic approach in case of extensive 
PM with massive involvement of ileocolic area.

The presence of bilateral ovarian tumours has 
a greater possibility of being metastatic than uni-
lateral tumours though this is not binding. The 
features of an ovarian primary and metastases to 
the ovary may or may not been distinguished on 
imaging. The most common sites should be first 
ruled out like ovarian, colorectal and gastric and 
the less common sites considered thereafter.

11.4.1.2	 �Histopathological Findings
Majority of the colorectal and gastric tumours are 
adenocarcinomas and can be distinguished from 
other primaries based on histology alone. 
However, when the primary tumour is not evi-
dent, immunohistochemistry should be per-
formed to confirm the origin. Figure  11.1 
provides an algorithm for selecting the immuno-
histochemistry markers.

Epithelial ovarian cancer forms the common-
est differential of metastatic adenocarcinoma to 
the peritoneum. There are five subtypes of which 
the endometrioid variety alone is discussed here. 
Serous, clear cell and mucinous adenocarcino-
mas are described in subsequent sections. 
Adenocarcinomas of the endometrioid variety 
constitute 10% of the ovarian epithelial tumours. 
Distinction between a primary ovarian endome-
trioid carcinoma and colorectal carcinoma is 
simple as primary ovarian endometrioid carcino-
mas are usually positive with CK7, estrogen 
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Fig. 11.1  Algorithm for determining the primary site in adenocarcinoma
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receptor (ER), CA125 and PAX8 and negative 
with CK20, CEA and CDX2 whilst the converse 
immunophenotype is seen in metastatic colorec-
tal adenocarcinomas [9–11]. There are two spe-
cific markers for ovarian cancer that should be 
considered to establish the diagnosis of an ovar-
ian primary. This first is paired-box 8 (PAX8) 
that is a sensitive marker for tumours of the thy-
roid, kidney and thymus, and tumours derived 
from the Müllerian ducts [10–12].

It is also a specific marker for tumours of 
Mullerian origin and is expressed in nearly 95% 
of the ovarian epithelial tumours [13]. It repre-
sents the simplest way of confirming the ovarian 
origin of peritoneal metastases. Uncommonly, 
some high-grade tumours may not express 
PAX-8 and it may be difficult to differentiate at 
times, an endometrioid adenocarcinoma from 
other ovarian tumours. WTI is a useful marker 
for distinguishing endometrioid adenocarcinoma 
from the other more common serous subtype. 
WTI is a tumour suppressor gene that was first 
identified in the genitourinary system (kidney, 
ovary and testes) and is responsible for the cod-
ing of a transcription factor of 52–54 kDa impor-
tant in cell growth and differentiation [14, 15]. It 
is responsible for the development of hereditary 
and sporadic types of Wilms tumours within the 
renal parenchyma. It is also involved in the struc-
tural and functional development of the gonads 
and is overexpressed in primordial and primary 
ovarian follicles [16]. In the normal mature 
ovary, WT1 is expressed in the ovarian surface 
epithelium and in stromal and granulosa cells 
[17]. In the tumour-bearing ovary, WT1 is char-
acteristic of the serous subtype being rarely 
found in the others [17].

WT1 can thus be useful in the differential 
diagnosis of primary ovarian tumours with non-
specific morphological features and also differ-
entiating serous from the other subtypes. It also 
helps to exclude other primary tumours of uter-
ine, breast, pancreatobiliary or gastrointestinal 
origin, exhibiting similar morphologic phenotype 
[17, 18]. Moreover, co-expression of WT1 and 
PAX8 has been recently demonstrated as a valu-
able association in confirming the ovarian origin 
of malignant effusions [19]. The endometrioid 

variety rarely expresses WTI and has a heteroge-
neous WT1 expression:

WT1 positivity implies that the tumour is either 
arising from the ovary or fallopian tube of perito-
neum, whilst WT1 negativity indicates an ovarian 
tumour with origin in endometriosis foci [17].

The other common primary site is the lower 
gastrointestinal (GI) tract, specifically the col-
orectum. CDX2 is used to establish a colorectal/
lower gastrointestinal origin.

Colorectal primaries need to be distinguished 
not just from ovarian primaries but also from gas-
tric and pancreaticobiliary tumours and this may 
not always be clear on morphology alone. The 
typical immunohistochemistry profile of colorec-
tal adenocarcinomas is expression of CK20 and 
CDX2 and lack of expression of CK7 [20]. 
However, CDX2 and CK20 have been shown to 
be positive in up to 21% each of gastric cancers 
and 14% and 21% of ovarian mucinous adeno-
carcinomas, respectively. Similarly, CK7 expres-
sion is seen in up to 50% of the gastric and 
ovarian carcinomas, more commonly, the muci-
nous ones. This combination of CK20 and CDX2, 
in one study, was more helpful in differentiating 
colorectal from pancreatic adenocarcinoma, 
which was only 2% CDX2 positive, 15% CK20 
positive and predominantly CK7 positive (94%), 
and with only 3% of colorectal adenocarcinoma 
being CK7 positive [20].

Pancreatic tumours also express CEA and 
CA-19-9. Bayrak et al. compared the use of the 
CK7 negative CK20 positive pattern, which had a 
sensitivity of 64% and specificity of 97%, with 
use of CDX2 positivity, which had a 78% sensi-
tivity and 85% specificity in differentiating 
colorectal from gastric and pancreatic adenocar-
cinoma [21].

Another confirmatory marker for colorectal 
origin is SATB2.

SATB2 is part of the family of matrix attach-
ment region-binding transcription factors and 
has developmental roles in craniofacial, neural 
and osteoblastic differentiation [22]. SATB2 is 
expressed in the epithelium of the lower gastro-
intestinal tract and is seen in only a few malig-
nancies including colorectal/appendiceal 
adenocarcinomas, tumours of osteoblastic dif-

A. Bhatt et al.



233

ferentiation and renal/urothelial carcinomas 
[23]. SATB2 is a specific marker of colorectal 
differentiation and is used to determine the ori-
gin of adenocarcinomas of unknown primary 
and distinguish primary ovarian mucinous ade-
nocarcinomas from colorectal metastases. 
SATB2 as a solitary marker is reported to have a 
sensitivity of 93% and specificity of 77% but 
when combined with CK20 and CK7 expres-
sion, the sensitivity becomes 83% and specific-
ity 100% as demonstrated in a large study [24, 
25]. In comparison, the sensitivity and specific-
ity of the CK7 negative, CK20 positive immune-
phenotype are 85% and 99%, respectively, and 
for the CDX2+ immunophenotype these were 
96% and 80%. Thus, when the primary is in situ, 
this marker does not add much to two-marker 
(CK7, CK20) combination or the three-marker 
combination (CK7, CK20, CDX2) [25–27]. The 
main application of SATB2 is to distinguish 
adenocarcinomas of colorectal origin from 
those of gastric and pancreatic origin [26, 27].

Most studies have shown a low expression in 
pancreaticobiliary and gastroesophageal tumours 
[27]. The only ones where the reported expres-
sion was high were the ones in which the thresh-
old for positivity was low [28]. The expression of 
this marker is low even in lung and gynaecologi-
cal adenocarcinomas which form the other dif-
ferential diagnoses [28]. Pancreatic ductal 
carcinomas are also positive for CK8, CK17, 
CK18, CK19, CEA, CA19-9, Dupan-2, MUC1, 
MUC4 and MUC5AC [29–32].

Distinction from Breast Carcinomas
Breast carcinoma can be a rare differential diag-
nosis of adenocarcinoma of the peritoneum. It 
should be borne in mind when the morphology is 
not characteristic of GI or ovarian origin espe-
cially in female patients. PAX-8 and CA-125 are 
positive in endometrioid carcinomas and nega-
tive in breast cancer though CA-125 could be 
positive [33, 34]. Markers useful but not specific 
for breast cancer are GCDFP15, mammaglobin 
and GATA3 (usually negative in endometrioid 
carcinomas and positive in breast carcinomas) 
[35, 36]. A proportion of endometrioid adenocar-
cinomas may be mammaglobin positive [36].

Other Uncommon Primary Sites
When deemed necessary, TTF-1 and 2 can be 
used to rule out lung cancer. A high-grade neuro-
endocrine tumour can give the appearance of an 
adenocarcinoma and can be ruled out using chro-
mogranin A, synaptophysin and the Ki-67 prolif-
eration index [37]. A neuroendocrine tumour 
must be ruled out in poorly differentiated adeno-
carcinomas and poorly differentiated carcino-
mas. The other markers that are positive in all 
neuroendocrine tumours are PGP 9.5 and CD56 
[38]. PM are usually part of widespread disease 
in these patients and are seen in over 15% of the 
patients [39]. Neuroendocrine tumours arising 
from the distal small bowel have a greater pro-
pensity for producing PM and lymph node metas-
tases [40]. Some peculiar features of PM arising 
from these tumours are the small size of deposits 
(<5 mm) and mesenteric deposits along the blood 
vessels [41–44].

Carcinoids from the foregut and midgut are 
generally positive for chromogranin A and CD56, 
whilst those from the hindgut are usually nega-
tive [45–47]. Hindgut carcinoids on the other 
hand often express prostatic acid phosphatase 
[48]. A less helpful marker is CDX-2, which 
although positive for most colorectal carcinomas 
has an immunoreactivity of about 40% in well-
differentiated carcinoids but has reported an 80% 
expression rate in poorly differentiated carci-
noids [46, 49–51].

Hepatocellular carcinoma and small bowel 
adenocarcinoma are other rare differential diag-
nosis that should be considered. Small bowel 
tumours constitute 1–3% of all the gastrointesti-
nal malignancies [52, 53]. Of the various 
tumours arising from the small bowel, adeno-
carcinomas are the commonest and constitute 
30–45% of all the tumours [54, 55]. Small bowel 
adenocarcinoma is known to have a poor prog-
nosis with a median overall survival ranging 
from 12 to 20 months [56, 57]. These tumours 
are CK7 positive in more than half of all cases, 
unlike normal small intestinal mucosa which is 
CK7 negative and colorectal adenocarcinomas 
which are CK7 negative and CK20 positive 
[58]. They are also positive for CK20, CDX-2 
and villin [58].
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The markers specific for hepatocellular car-
cinoma (HCC) are Glyican-3, CD34, AFP, 
CD10, CEA and HepPar-1 [59]. HCC includes 
its variant—fibrolamellar HCC and intrahepatic 
cholangiocarcinomas. These tumours express 
only a limited number of keratin markers, 
namely CK8 and CK18 and thus most meta-
static carcinomas can be excluded as they gener-
ally express a larger variety of keratin markers 
such as CK5/6, CK7, CK14 or CK20  in com-
parison to HCC [60].

Many times the marker profiles overlap or do 
not give a clear pointer towards the primary. It is 
important to correlate the histology findings with 
the immunohistochemistry findings and not draw 
inferences from individual findings.

11.4.2	 �Serous Carcinomas

Serous carcinomas are the commonest variety of 
epithelial ovarian cancers that have a predilection 
for peritoneal spread. And hence, serous carci-
noma is a common pathological diagnosis in 
patients with peritoneal metastases. Often the 
ovarian primaries are small in size and even 
inconspicuous. It has been shown that majority of 
the serous carcinomas arise from the fallopian 
tubes. The other less common sites of origin are 
the endometrium, cervix and the peritoneum 
itself [61]. The other differentials of a serous his-
tology are peritoneal mesothelioma and breast 
cancer.

11.4.2.1	 �Clinical Presentation
Majority of the serous carcinomas are seen in 
women [61]. Primary peritoneal serous carci-
noma is a rare entity in males. These cancers 
occur in older women, most of whom have 
attained menopause [62]. Most serous carcino-
mas are diagnosed in an advanced stage with dis-
seminated peritoneal disease and ascites [63, 64]. 
A pelvic mass may or may not be present. Even 
when a pelvic mass is present, the site of origin 
may not be clear. The other peritoneal tumour 
that can mimic serous carcinoma is peritoneal 
mesothelioma.

11.4.2.2	 �Histopathological Findings
The histological features of high-grade serous 
carcinomas are diagnostic and consist of branch-
ing papillary fronds, slit-like fenestrations, glan-
dular complexity, moderate to marked nuclear 
atypia with marked pleomorphism, prominent 
nucleoli, stratification, frequent mitoses and stro-
mal invasion (irregular or destructive infiltration 
by small glands or sheets of cells) [65]. 
Psammoma bodies are common (Fig. 11.2). The 
stroma may be fibrous, oedematous, myxoid or 
desmoplastic. In comparison, low-grade tumours 
have extensive papillary features with many 
psammoma bodies, papillae, glands, cysts or 
irregular nests of cells with uniform round to oval 
nuclei and evenly distributed chromatin. The 
nuclear features are variable. The mitotic count is 
less than 10 per high power field [65]. The cells 
lie in a variable amount of fibrous stroma. Some 
of the ovarian tumours have clear cell features 
and are considered clear cell variants of serous 
carcinoma.

When the ovarian primary is not evident or 
the ovaries have been removed before, immuno-
histochemistry is required to establish the site of 
origin. Another presentation could be of a pelvic 
mass with peritoneal metastases and the ovarian 
origin is not clear (Fig.  11.3). As discussed 
above, PAX-8 is used to establish Mullerian ori-
gin and is negative in primary peritoneal serous 

Fig. 11.2  Psammoma bodies which are characteristic of 
serous carcinomas
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carcinomas. Moreover, some high-grade ovar-
ian tumours may be PAX-8 negative. WTI is 
positive in present majority of the ovarian serous 
carcinomas.

WT1 is in contrast expressed in less than a 
third of the endometrial serous tumours [14]. 
However, in cases when both entities are WT1 
positive, further investigations are needed to 
determine the primary site of origin [66]. The 
p53 expression can be similar in both the 
tumours. There may a situation in which both 
primaries co-exist. Making the distinction is 
important as endometrial serous carcinoma is a 
rare tumour and the outcomes with serous carci-
noma of the endometrium are inferior to those 
obtained for serous ovarian carcinoma. It is 
believed that some of the primary peritoneal 
serous carcinomas originate from a latent endo-
metrial serous carcinoma [67–69].

WT1 differentiates serous ovarian carcinomas 
exhibiting similar morphology to that of pure 
clear cell ovarian carcinoma, as WT1 is negative 
in the latter [70]. WT1 cannot distinguish an 
ovarian high-grade ovarian serous carcinoma 
from a primary peritoneal serous carcinoma or 
high-grade fallopian tube carcinoma. All these 
three entities express WT1 diffusely [17, 18].

Low-grade serous carcinomas usually present 
with large ovarian masses that infiltrate the sur-
rounding peritoneal structures and are an uncom-
mon cause of PM with unknown primary.

A common non-gynaecological malignancy 
that needs to be ruled out is peritoneal mesothe-
lioma. Though it is a rare tumour, it is a perito-
neal disease and thus may be seen more often in 
a peritoneal surface malignancy unit than other 
common cancers like breast cancer that present 
rarely with isolated peritoneal disease. Though 
histological features can point towards the 
diagnosis of peritoneal mesothelioma, immu-
nohistochemistry is essential to establish the 
diagnosis and comprises of both positive and 
negative markers [71]. Peritoneal mesotheli-
oma arises from a single cell line but has a 
spectrum of cytoarchitectural features that 
make it unique and often difficult to diagnose. 
The spectrum includes tumours that are entirely 
of epithelial or mesenchymal (sarcomatoid) 
type to a range of biphasic and intermediate 
forms [72]. The epithelial subtype is character-
ized by cuboidal or flattened epithelial-like 
malignant mesothelial cells with ample cyto-
plasm with distinct cellular membranes, and a 
relatively uniform, granular to vesicular nuclei. 
The subtypes of epithelial peritoneal mesothe-
lioma are categorized by the patterns observed 
for the malignant epithelial component and 
include tubulopapillary, solid, deciduoid, stori-
form-like, fascicular-like, multicystic, papil-
lary, microcystic and granular [73]. A positive 
calretinin, cytokeratins 5/6, WT-1, thrombo-
modulin and mesothelin stain, accompanied by 
a negative B72.3, CEA, CD15, Leu-M1 and 
BER-EP4 immunostain is highly suggestive of 
peritoneal mesothelioma [74].

Calretinin, WT1, CK5/6, D2-40 and mesothe-
lin are generally immunoreactive in peritoneal 
mesothelioma but can also be positive in gyneco-
logic and non-gynecologic adenocarcinoma [75].

There are some extremely well-differentiated 
papillary mesotheliomas that need to be distin-
guished from benign mesothelial proliferation.

Cytological examination of ascitic fluid 
removed by paracentesis rarely results in a posi-
tive finding. If cells are recovered, they fre-
quently resemble hyperplasic mesothelial cells 
with insufficient atypia present for a confident 
diagnosis.

Fig. 11.3  Pelvic mass in a patient with serous carcinoma. 
The site of origin could be the ovary or the uterus. The 
prognosis is significantly worse in serous endometrial 
carcinomas
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Calretinin is one of the first markers that was 
found to be useful in the diagnosis of mesotheli-
oma. Calretinin is currently regarded as being the 
most sensitive and one of the most specific of the 
positive mesothelioma markers. Because of this, 
it has been recommended as one of the primary 
markers in the various panels that are currently 
used in the diagnosis of mesothelioma [76]. 
Calretinin is often expressed in all histologic 
types of mesothelioma, in contrast to other com-
monly used mesothelioma markers, such as kera-
tin 5/6, Wilms’ tumour 1 (WT1) protein and 
podoplanin, which are often expressed in epithe-
lioid mesotheliomas, but are usually absent in 
sarcomatoid mesotheliomas [77].

Although the reaction reported for this marker 
in mesotheliomas is usually strong and diffuse 
and that seen in adenocarcinomas is most fre-
quently restricted to small focal areas of the 
tumour, diffuse strong positivity can occasionally 
occur in adenocarcinomas [78]. In addition, it 
should be emphasized that there are differences 
in calretinin expression among the different types 
of carcinomas. The reported percentages of cal-
retinin expression in recent investigations ranged 
from 6% to 10% in lung adenocarcinomas, 31% 
to 38% in serous carcinomas and 0% to 10% in 
renal cell carcinomas [79–85].

D2-40 is a monoclonal antibody directed 
against M2A antigen, a surface sialoglycoprotein 
originally detected in association with germ cell 
neoplasia and foetal testicular gonocytes [86]. 
D2-40 has demonstrated a selective immunoreac-
tivity for lymphatic endothelium and thus, has 
been used to demonstrate lymphatic invasion by 
primary tumours and as a marker of certain vas-
cular lesions [87–90].

It is also a novel marker of cells with a meso-
thelial phenotype and is useful for making a dis-
tinction between peritoneal mesothelioma and 
adenocarcinoma. The sensitivity and specificity 
of this antibody is comparable or superior to 
other mesothelioma markers and it can be used to 
confirm the diagnosis of peritoneal mesothelioma 
when the conventional marker profile is incon-
clusive [71].

Mesothelin is highly sensitive for malignant 
mesothelioma, but its specificity is relatively 

low since other tumours including ovarian can-
cer may exhibit mesothelin positivity. 
Nevertheless, diffuse and strong membranous 
mesothelin expression serves as a strong indica-
tor of epithelioid mesothelioma as opposed to 
ovarian carcinoma [74, 91]. Mesotheliomas 
have a high proportion of CK7 positivity and 
usually do not express CK20 akin to ovarian pri-
mary tumours [92].

Peritoneal mesotheliomas are also character-
ized by strong and diffuse membranous EMA 
positivity (expression on the luminal aspects of 
the tumour cells) though this staining pattern 
does not distinguish them from adenocarcino-
mas. ER positivity in malignant mesothelioma 
is a rare phenomenon, and indicates the likeli-
hood of a serous carcinoma rather than a meso-
thelioma [93]. ER-α is rarely expressed in 
mesothelioma (highest rate of expres-
sion—10%), with most studies showing expres-
sion to be absent in both pleural and peritoneal 
disease. Similarly, PR is generally reported as 
negative in peritoneal mesothelioma. One study 
showed PR positivity in 7% of 71 patients 
[93–98].

Although WT-1 protein is highly sensitive for 
epithelioid mesotheliomas, it has no benefit in 
discriminating from serous carcinomas [99].

Immunohistochemistry panels should be cho-
sen keeping in mind the histological features and 
should include both positive and negative mark-
ers (Table 11.1). Not just positivity but the type 
of staining should also be considered. Peritoneal 
mesothelioma can be a second primary in a 
patient with a known malignancy and the possi-
bility of this diagnosis should be kept in mind 
(Fig. 11.4).

Another differential diagnosis is breast carci-
noma. Metastatic breast carcinomas of ductal type 
can mimic a papillary serous or endometrioid 
ovarian cancer. The finding of a pelvic mass and/
or disseminated peritoneal disease is not uncom-
mon in a patient with a history of breast cancer 
and usually represents a new malignancy of ovar-
ian origin. Yet, the rare possibility of metastatic 
breast disease needs to be considered and ruled 
out. As mentioned above, PAX-8, CA-125 and 
WT-1 are positive in serous carcinomas and nega-
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tive in breast cancer though WT-1 and CA-125 
could be positive [34, 35]. Markers useful but not 
specific for breast cancer are GCDFP15, mamma-
globin and GATA3 (usually negative in serous 
carcinomas and positive in breast carcinomas) 
[36, 37]. An algorithm for determining the pri-
mary site in peritoneal metastases with serous his-
tology is provided in Fig. 11.5.

11.4.3	 �Mucinous Carcinomas

Mucinous peritoneal metastases commonly arise 
from appendiceal tumours, colorectal tumours 
and ovarian tumours. Other primary sites include 
the pancreas, urachus and cervix. The term pseu-
domyxoma peritonei is reserved for patients with 
mucinous ascites and the characteristic pattern of 
redistribution. In rare situations, high-grade 
mucinous carcinoma peritonei may be present 
without any apparent primary [100]. Either the 
primary has been removed during a prior surgical 
procedure and the diagnosis missed or it is a true 
case of peritoneal carcinomatosis with unknown 
primary. It is not known if mucinous tumours can 
arise de novo from the peritoneum.

11.4.3.1	 �Clinical Presentation
A large proportion of the mucinous PM are from 
appendiceal origin. The diagnosis may be an 
incidental finding on imaging performed for 
other reasons. The appendiceal primary itself 
may be small and not evident on imaging. 
Ovarian metastases can be present even in low-
grade mucinous carcinomas. When ovarian muci-
nous tumours are found, an appendiceal primary 
should always be ruled out. Tumour markers are 
helpful but seldom diagnostic. A colonoscopy is 
performed for all patients to rule out a colorectal 

Table 11.1  Common IHC markers for establishing the 
diagnosis of peritoneal mesothelioma

Immunohistochemistry markers for peritoneal 
mesothelioma
Positive markers
Calretinin
Cytokeratins 5/6
WT1
Podoplanin
Thrombomodulin
D240
Mesothelin
Negative markers
Claudin-4
TTF-1
PAX-8
CEA
BER-EP4
Prognostic markers
Nuclear grade
Mitotic count
Ki-67

Fig. 11.4  Histological findings in the peritoneal biopsy suggestive of peritoneal mesothelioma several years after the 
initial diagnosis of breast cancer. The immunohistochemistry profile was in favour of a peritoneal mesothelioma
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primary. Other primaries like the urachus, muci-
nous pancreatic tumour may or may not be appar-
ent on imaging. The symptom of passing mucous 
in urine is typical of an urachal tumour.

11.4.3.2	 �Histopathological Findings
When mucinous ovarian tumours and peritoneal 
implants are present, a lower gastrointestinal pri-
mary is always ruled out. However, mucinous 
tumours of the intestinal type can arise de novo 
from the ovary. Most of these tumours arise from 
a mature cystic teratoma and may show massive 
mucin secretion, goblet cells, carcinoid-like pat-
terns, pseudomyxoma ovarii and peritonei, and 
signet ring cells characteristic of a gastrointesti-
nal phenotype. Mucinous ovarian tumours can 
be borderline or malignant. These tumours may 
not always be CK-7 positive and CK-20 negative 
like the other ovarian epithelial tumours. Primary 
mucinous ovarian tumours can exhibit CK20 
positivity, which is usually focal but can be dif-

fuse. Focal and at times diffuse positivity is seen 
for CEA, CDX2 and CA19.9 as well [101]. This 
may make distinction from a colorectal tumour 
difficult. However, the pattern of coordinate 
expression of CK7/CK20 may be useful [102]. 
Although either marker can be positive in both 
tumours, primary ovarian mucinous neoplasms 
are usually diffusely positive with CK7 whilst 
CK20 is variable; conversely, metastatic colonic 
adenocarcinoma is usually diffusely positive 
with CK20 and shows focal positivity for CK7 
[102]. As mentioned above, CDX2 will be 
expressed by appendiceal and colorectal prima-
ries and not by ovarian primary tumour, but can 
vary. SATB2 is the confirmatory test for colorec-
tal origin. Mucinous tumours arising from tera-
tomas can express colorectal markers and need 
to be distinguished from metastases which is 
done by demonstration of teratomatous foci. 
However, when the mucinous component is 
huge, it may not be possible to find these foci. 

Peritoneal metastases with
unknown primary

Serous histology

CK7+ CK20-
CDX-2 -

Breast
carcinoma

PAX-8

ESOCMesothelioma

WT-1

Calretenin, WT1, D-240, CK-5/6
Mesothelin, thrombomodulin

+

+

+

+

Calretinin-
D-240 -

GATA-3
Mammaglobulin

GCDFP15

Carcinoma Mesothelioma

PPSC

WT-1

Clear cell 

+

-

-

-

-

Fig. 11.5  Algorithm for determining the primary site in peritoneal metastases with serous histology. PPSC primary 
peritoneal serous carcinoma, ESOC epithelial serous ovarian carcinoma
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The other markers expressed by these tumours 
are HepPar-1 and villin [103]. Figure  11.6 
shows the histological features of a low-grade 
mucinous tumour arising from the ovary. As 
shown in Fig. 11.7, this tumour expressed CK-7, 
CA-125 and PAX-8 and was negative for CDX2, 
CK20 and WT1. Urachal primary tumours have 
similar expression to the colorectal primaries. 
They are diffusely positive for CK-20, CDX-2, 
MUC-2 and MUC-5 AC, and CK-7 expression 
is variable [104].

When the ovaries have been submitted for 
pathological examination, there are some histo-
logical features that can help in differentiating an 
ovarian from appendiceal primary. Involvement 
of both ovaries and surface implants are more 
likely in metastatic disease [105]. Large size and 
smooth external surfaces are not always associ-
ated with metastatic disease, especially in muci-
nous tumours. Histologically, features favouring 
metastasis to the ovary include retraction artefact 
separating tumour epithelium from underlying 
stroma, a scalloped pattern, infiltrative invasion, 
vascular invasion, hilar involvement, dissecting 
mucin (pseudomyxoma ovarii) and signet ring 
cells [106]. In contrast, back-to-back neoplastic 
glands with no intervening stroma, periglandular 
cuffing by cellular ovarian-type stroma, histio-
cyte aggregates, background endometriosis or 

associated primary teratomatous elements favour 
a primary ovarian neoplasm [105–107]. 
Conventionally, lower gastrointestinal mucinous 
tumours are diffusely positive for CK-20, CDX-
2, MUC-2 and MUC-5  AC and were variably 
positive for CK-7. Mucinous ovarian tumours 
can arise from an immature teratoma too.

Tumour Grade
Mucinous PM arising from the appendix and 
ovary can be high grade or low grade. With the 
other primary sites, the tumours usually have a 
high grade.

Rare Differentials
Rarely, a metastatic cervical adenocarcinoma of 
usual type (HPV related) in the ovary may 
mimic a primary ovarian mucinous or endome-
trioid neoplasm [108]. Diffuse p16 immunore-
activity in such cases may be useful in suggesting 
a metastatic cervical adenocarcinoma. These 
tumours can present with mucinous peritoneal 
metastases.

Some rare situations that mimic mucinous 
peritoneal carcinomatosis have been enlisted by 
Carr et  al. Malignant mesotheliomas in rare 
situations can have intracellular mucinous mate-
rial rich in hyaluronic acid giving the appearance 
of signet ring cells [109]. These cells stain 

a b

Fig. 11.6  (a, b) Peritoneal deposits from low-grade mucinous neoplasm of the ovary
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positive with mucin stains but can be distin-
guished as mesotheliomas when appropriate 
markers are used. Claudin-4 expression is seen in 
carcinomas and not mesotheliomas and can be 
used to make the distinction. The histological 
features should alert the pathologist of an alterna-
tive diagnosis [110, 111]. Myxoid change occur-
ring in endometriosis and papillary mesothelioma 
can mimic mucinous peritoneal carcinomatosis 
[112, 113]. An algorithm for determining the pri-
mary site in mucinous peritoneal metastases is 
provided in Fig. 11.8.

11.4.4	 �Peritoneal Sarcomas

After the lungs and bones, the peritoneum is a 
common site of spread from soft tissue sarcomas. 
Nearly 30% of the sarcomas present with intra-
abdominal disease. The commonest sarcomas 
metastasizing to the peritoneum are retroperito-
neal liposarcomas, uterine leiomyosarcomas 
and low-grade and high-grade endometrial stro-
mal sarcomas [114]. Low-grade endometrial 
stromal sarcoma can arise from the ovaries and 
the peritoneum itself [115].

a b

c d

Fig. 11.7  Tumour cells express CK-7 (a), CA-125 (b), PAX-8 (c) and are negative for CDX-2 (d), CK-20 (not shown) 
and WT1 (not shown)
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PM from sarcomas can be present at the time 
of diagnosis but usually occur in the recurrent 
setting and are largely due to tumour spillage 
during surgery. Some rare tumours like epitheli-
oid leiomyosarcomas and gastrointestinal stro-
mal tumours can arise from the omentum or 
peritoneum itself. In most cases, the primary site 
is apparent or there is a history of treatment of the 
primary tumour. The peritoneal sarcomas still 
require a search for a primary site before attribut-
ing the origin to the peritoneum. Peritoneal sar-
comatosis with unknown primary has not been 
described.

11.4.4.1	 �Clinical Presentation
The endometrial stromal sarcomas are seen only 
in women. There are no specific clinical features 
and a detailed history should be elicited. 
Peritoneal recurrence can occur after several 
years in both low- and high-grade uterine sarco-
mas and a history of hysterectomy for a mass is 
usually present. Ascites is usually absent. The 
sarcomatosis may be an incidental finding or 
present with vague abdominal symptoms. In 
more aggressive tumours like epithelioid leio-
myosarcomas, there is ascites with debilitation. 

The general condition is well preserved in most 
other cases even in presence of extensive disease. 
Whole body imaging should be performed to rule 
out metastases at other sites.

11.4.4.2	 �Histopathological Features
Each of the sarcomas has distinct histological fea-
tures and immunohistochemistry and molecular 
marker profile that is well defined. The problem 
arises when the diagnosis has to be made on a 
small sample usually obtained through a trucut 
biopsy or when the tumours have poor differentia-
tion. We discuss the histopathological features 
and immunohistochemistry profile of commonest 
peritoneal sarcomas—endometrial stromal sarco-
mas, uterine leiomyosarcomas and liposarcomas.

Endometrial Stromal Sarcomas
Endometrial stromal sarcoma (ESS) has been 
divided into low and high grades in the world 
health organization (WHO) 2014 classification. 
High-grade sarcomas are defined by the presence 
a recurrent chromosomal translocation—t(10; 
17) (q22; p13) resulting in YWHAE-NUTM2A or 
YWHAE-NUTM2B genetic fusions (collectively 
referred to as YWHAE-NUTM2) [116].

Peritoneal metastases with
unknown primary
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CK 19
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Fig. 11.8  Approach to a patient with mucinous peritoneal carcinomatosis
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These rearrangements are mutually exclusive 
with the JAZF1/SUZ12/EPC1/PHF1 genetic 
rearrangements seen in low-grade endometrial 
stromal sarcomas.

ESS in its commonest form is composed of a 
proliferation of small, round monomorphic cells 
with scanty cytoplasm and round to oval nuclei 
with smooth nuclear contours, which resembles 
endometrial stroma in the proliferative phase 
[117–120]. Tumour cells are concentrically 
arranged around the vascular channels. In the 
low-grade ESS, mitotic activity is usually low 
(usually <5/10 HPF). Hyalinization is present 
and is usually mild though extensive hyaliniza-
tion may been seen at times. Ischaemic necrosis 
may be observed. These features are typical of 
low-grade ESS.  These tumours show positive 
staining for CD10, estrogen receptor (ER) and 
progesterone receptor (PR) irrespective of the 
genotypes, and the staining pattern is generally 
diffuse in adequately fixed tumour samples 
though it may be patchy and focal in some 
instances [121–123]. There may be focal patchy 
staining for smooth muscle actin, caldesmon and/
or desmin, with smooth muscle marker staining 
being more extensive in JAZF1 LGESS showing 
smooth muscle differentiation. The ki-67 prolif-
eration index (<5%) is low and nuclear cyclin D1 
expression is typically weak and focal (<5%). 
KIT expression may be present and tends to be 
weak and very focal [124–127]. DOG1 expres-
sion is consistently absent in low-grade ESS 
[128]. High-grade ESS on the other hand has 
characteristic diffusely positive staining for 
cyclin D1 and is negative for CD10, ER and PR 
receptors. There is strong cytoplasmic c-KIT 
staining. Areas of low-grade ESS are seen in 
YWHAE-NUTM2 ESS. The term undifferentiated 
uterine sarcoma (UUS) is now used for tumours 
which were previously classified as endometrial 
undifferentiated sarcomas and they can arise 
from smooth muscles as well.

UUS is a high-grade sarcoma and exhibits a 
combination of severe nuclear atypia and high 
mitotic rate. UUS is a diagnosis of exclusion and 
often has tumour necrosis. It should be distin-
guished from other sarcomas (i.e. leiomyosar-
coma, rhabdomyosarcoma, high-grade ESS), 

mixed epithelial-mesenchymal uterine tumours 
(sarcoma-predominant carcinosarcoma or sarco-
matous overgrowth of adenosarcoma), uterine 
carcinomas (undifferentiated or dedifferentiated 
endometrial carcinoma) and secondary involve-
ment of the uterus by extra-uterine soft tissue sar-
comas [115].

On immunohistochemistry, it can be positive 
for CD10 and hormone receptors, hence it is 
important to not regard CD10 as evidence of 
endometrial stromal differentiation [115]. It may 
show very focal positive staining for smooth 
muscle actin, but the presence of positive staining 
for more than one smooth muscle markers should 
raise the suspicion for leiomyosarcoma or malig-
nant PEComa [115]. Focal keratin and EMA 
staining, when encountered in a suspected UUS 
that demonstrates nuclear uniformity, should 
prompt a careful investigation into the possibility 
of undifferentiated or dedifferentiated endome-
trial carcinoma [115].

Leiomyosarcomas
Leiomyosarcomas have a combination of diffuse 
moderate-to-severe nuclear atypia, greater than 
10 mitotic figures per 10 high power fields (HPF) 
and presence of (coagulative) tumour-cell necro-
sis. The presence of any two of these features is 
essential for the diagnosis of a uterine leiomyo-
sarcoma [129].

In addition to the spindle cell variety, there is 
an epithelioid variant that is characterized by 
the presence of rounded or polygonal cells that 
have a microscopic appearance of ‘epithelial 
cells’ in at least 50% of the tumour [130]. 
Immunohistochemical study is sometimes nec-
essary to confirm the smooth muscle nature.

Unfortunately, the tumour cells in about 20% 
of epithelioid smooth muscle tumours express 
cytokeratins (as in carcinomas) and less often 
myogenic markers such as desmin [131, 132].

Though the diagnosis of LMS is usually made 
on light microscopy, in cases of uncertainty due 
to poor differentiation, a combination of these 
markers can be used to determine the smooth 
muscle origin.

The overexpression of p16 has been identi-
fied in 86.7%, 86% and 51% of uterine LMS in 
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three studies [133–135]. The frequency of over-
expression of p53 protein in uterine LMS has 
been variable and has ranged from 13% to 
56.5% [136–139].

Oestrogen, progesterone and androgen recep-
tors are expressed in about 30–40% of 
LMS. Immunoreactivity with these markers may 
provide a target for treatment. Even though some 
LMS show immunoreactivity for CD117 (C-KIT) 
but there is no underlying KIT oncogenic muta-
tion or KIT phosphorylation, targeted treatment 
with imatinib is ineffective [140–142].

Liposarcomas
The commonest sarcoma causing intraperitoneal 
dissemination is a liposarcoma. Liposarcomas 
are the commonest retroperitoneal tumours and 
are prone to develop recurrence when they arise 
in this location as compared to others.

Liposarcomas account for 20% of all soft tis-
sue sarcomas in adults and is the most common 
retroperitoneal sarcoma [143, 144]. Five histo-
logical subtypes of liposarcoma in order of 
increasing malignant behaviour are well differen-
tiated, dedifferentiated, myxoid, round cell and 
pleomorphic. Most retroperitoneal liposarcomas 
are of the well-differentiated and dedifferentiated 
subtypes [145]. Liposarcomas can also arise 
intraperitoneally from the omentum and mesen-
tery and present as large intraperitoneal masses 
[146]. Retroperitoneal liposarcoma is known to 
recur frequently with multiple intra-abdominal 
masses after resection [147].

Local recurrence is more common when well-
differentiated liposarcoma (WDLPS) arises in 
the retroperitoneum, mediastinum or paratesticu-
lar region and is a cause of morbidity and mortal-
ity, as is the emergence of dedifferentiated disease 
[148]. Dedifferentiated liposarcoma (DDLPS) is 
a high-grade and aggressive disease, arising most 
commonly within the retroperitoneum, and is 
associated with high rates of local and metastatic 
recurrence and a disease-specific mortality that is 
six times that of WDLPS [149].

Histologically, WDLPS appears as a prolifera-
tion of mature and variably pleomorphic adipo-
cytes intersected by fibrous septa and containing 
single, enlarged, hyperchromatic nuclei [150]. 

DDLPS is characterized by more highly cellular 
areas of high-grade undifferentiated sarcoma typ-
ically transitioning abruptly within a background 
of WDLPS. In most liposarcomas, the histologi-
cal features alone are enough to make a diagno-
sis. Immunohistochemistry is a useful adjunct to 
establish the diagnosis and aid differentiation 
from non-malignant conditions. The combination 
of CDK4, MDM2 and p16 is useful in the histo-
logic diagnosis of WDLPS and DDLPS [151]. 
The MDM2 gene and its neighbouring gene 
CDK4 are amplified, which can be detected by 
molecular methods such as reverse transcription–
polymerase chain reaction (RT-PCR) and FISH 
[152]. The resultant MDM2 and CDK4 protein 
overexpression can be detected by IHC [152].

p16 is the most sensitive and specific marker 
for detecting WDLPS/DDLPS, and the combi-
nation of CDK4 and p16 is of more discrimina-
tory value than the combination of either with 
MDM2, the least sensitive and specific of the 
three markers [151].

These markers are used to distinguish atypi-
cal lipomatous tumour from lipoma as well as 
dedifferentiated liposarcoma from undifferenti-
ated sarcoma, especially when both markers 
show positivity. It should be remembered that 
pleomorphic liposarcoma (PLPS) and myxoid 
liposarcoma (MLPS) are negative for MDM2 
and CDK4 [103].

Myxoid liposarcoma (MLPS) accounts for 
approximately 30% of LPSs and is clinically and 
pathologically distinct from WD/DDLPS [153]. 
Over 90% of MLPSs contain a pathognomonic 
t(12; 16) (q13; p11) translocation that results in 
expression of the FUS-DDIT3 fusion protein, 
whereas a smaller proportion carries EWSR1-
DDIT3 gene fusions [154]. Microscopically, 
MLPS has small, round-to-oval, non-adipocytic 
mesenchymal tumour cells alongside a variable 
number of immature lipoblasts on a background 
of prominent myxoid stroma. Round cell LPS is 
now recognized as a high-grade, more cellular 
variant of MLPS that is associated with worse 
outcomes [153, 155].

PLPS is a rare and clinically aggressive LPS 
subtype. Typically arising in the limbs or, less 
commonly, the trunk or retroperitoneum, PLPS 
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histologically appears as a high-grade undiffer-
entiated sarcoma without recognizable lineage 
and contains a variable number of pleomorphic 
lipoblasts.

Characteristically, PLPSs have complex 
karyotypes consisting of multiple chromosomal 
losses and gains, indicating pathogenesis driven 
by complex and variable molecular events [156].

11.5	 �Future Directives

During the last few decades, molecular biology 
has been added to armamentarium of diagnostic 
pathology. Molecular biology techniques are 
used to diagnose and subclassify tumours, predict 
response to therapies and identify therapeutic tar-
gets [157].

The development of molecular tumour sub-
classifications and targeted therapies was facili-
tated by an improved knowledge of genetic 
aberrations. Oncogenes and tumour suppressor 
genes were identified, and their association with 
metastatic pathways discovered. Next-generation 
sequencing techniques have helped speed up this 
process [158]. At present single gene analysis 
with mutation-specific PCR and Sanger- or pyro-
sequencing is most commonly used in diagnostic 
molecular pathology [159]. Molecular tests alone 
are seldom used for diagnostic purposes currently. 
They are used to subclassify tumours and identify 
mutations that can be treated with specific drugs.

Another development in molecular pathology 
is the analysis of DNA released by dying normal 
or tumour cells, also termed as cell-free DNA 
(cfDNA) which can be used as an alternative to 
tissue biopsy in certain instances. The term ‘liquid 
biopsy’ is used for such an analysis [157]. This 
test requires drawing of a sample of 5–10 mL of 
peripheral blood as opposed to the more invasive 
process of deriving a tissue sample. Circulating 
tumour DNA (ctDNA) is not formalin fixed and 
thus, any alteration caused by it is avoided. 
Though there are several indications now for per-
forming a ‘liquid biopsy’, most of these are still 
undergoing clinical validation [157, 160].

Tumours have intra-tumoural and inter-
metastatic genetic heterogeneity [161]. A tissue 
biopsy often does not capture the whole spec-
trum of genetic changes in a tumour. Circulating 
tumour DNA (ctDNA) that is also detectable in 
blood may better represent the genetic composi-
tion of different tumour compartments. A fur-
ther advantage is that DNA modifications caused 
by formalin fixation of tissue and the resulting 
artefacts in DNA sequencing are not present in 
ctDNA [162]. However, currently, for the initial 
tumour diagnosis a tissue biopsy is essential. 
The biggest challenge in the analysis of cell-free 
tumour DNA (ctDNA) is the often low fre-
quency of mutated alleles in cfDNA.  The 
amount of ctDNA is variable and ranges from 
0.01% to more than 50% of the whole cfDNA 
[131].

11.6	 �Conclusions

Peritoneal metastases can present with an occult 
primary. Careful evaluation of the clinical 
details, histopathological and immunohisto-
chemistry evaluation can lead to a diagnosis in 
most cases. Awareness about the common and 
uncommon tumours giving rise to PM can facili-
tate the diagnostic process. Molecular tests can 
be useful adjuncts to conventional histopatho-
logical evaluation.
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