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quirements for Manuscripts Submitted to Biomedical Journals” (http://
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original articles, case reports, reviews, abstracts from annual 
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  Every author specified in the study should have properly 

contributed to the article, should meet the authorship criteria and 
should be responsible for the contributed content. Each section in 
the article regarding study results and integrity should be the under 
the responsibility of at least one author.
The Turkish Journal of Pathology accepts the criteria of the 
International Committee of Medical Journal Editors (http://www. 
icmje.org/). The author should accordingly;
1. Make a significant contribution to the planning and design or 

analysis or interpretation or both of the study,
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content of the article,
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author order should be the joint decision of all authors. The editor 
can ask the individual contribution of each author and may find it 
appropriate to publish this information to prevent an unnecessary 
increase in the number of authors or unfair academic or similar 
benefits.

7.  ETHıCal RESPonSıbılıTy
  Authors are responsible for their articles’ conformity to ethical 

rules. The study protocol for human experimentation must 
conform the ethical guidelines established in the World Medical 
Association Declaration of Helsinki (http://www.healthscience.
net/resources/declaration-of-helsinki/). Therefore, all articles 
submitted for publication must specify that the ethic standards of 
the above committee were adhered to. Any necessary permission 
documents from local and international ethic committees must 
also be sent with the article. Authors must specify in the method(s) 
section that they performed the study according to these principles 
and that they obtained “informed consent” from their institution’s 
ethic committees and the participants.

  Articles reporting the results of experimental studies on animals 
must include a statement that study protocol was approved by the 
animal ethics committee of the relevant institution and that the 
study was conducted in accordance with “Guide for the Care and 
Use of Laboratory Animals” (http://www.nap.edu/catalog/5140.
html). Authors must send the approval of the relevant ethics 
committee with the article.   
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used in the article, authors should obtain written permission from 
the publication rights holders and the authors, and should specify 
this in the article. 

  Conflicts of Interest:
  A conflict of interest is defined as any financial, personal, 

academically competitive or intellectual relationship between 
the author, referee or editor that involves article submission, 
referee evaluation, editorial decision and author-referee-editor 
correspondence and that could lead to a prejudiced and unfair 
action during the evaluation stage.
The authors must declare any financial relationship or conflict of 
interest areas that need to be known regarding the study. All financial 
contributions and sponsorships for the study and all financial 
relationships and conflict of interest areas should be included in the 
copyright transfer form that accompanies the article. The authors 
must explain the study sponsor’s role in collecting, evaluating 
and analyzing the data, writing the article and submitting it for 
publication. If there is no conflict of interest, this section must 
include a “The authors declare no conflict of interest” statement. All 
sources of funding should be mentioned in the manuscript.
The evaluation process for the article is not started if a conflict of 
interest statement signed by corresponding author is not present at 
the time the article is sent. If a conflict of interest becomes apparent 
after the article is published, the journal may make an official 
correction or withdraw the entire article.
The referees also need to declare all their interests that they feel may 
represent a potential conflict of interest. The referees must declare 
to the editor any conflicts of interest that may prejudice their 
evaluation of the article and must avoid such evaluation of certain 
articles if a potential prejudice is present.
The editors who will make the final decision on the articles cannot 
have any personal, professional or financial relationship with any of 
the authors of the articles they will decide on. The editors will also 
try to avoid any referees who have a possible conflict of interest, for 
example those working in the same department or facility as any of 
the authors.
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  The editors and publisher assume no responsibility regarding 
features and explanations of any commercial products advertised in 
the journal. 

  Turkish Journal of Pathology requires all authors to acknowledge, 
on the title page of their manuscript, all funding sources that 
supported their work, as well as all institutional or corporate 
affiliations of the authors that might pose a conflict of interest in 
connection with the submitted manuscript.

  The confidentiality and privacy of patients and study participants:
  Authors should avoid descriptive information such as patient names, 

initials, reference numbers or photographs in their article. Such 
information can be published if absolutely necessary for scientific 
reasons and only after obtaining written “informed consent” from 
the patient (or parents, or guardian). The article must also state that 
“informed consent” was obtained.

8.  RElaTıonS wıTH EDıToR(S), auTHoR(S) anD 
REFEREE(S)

  Editors do not share information regarding articles (article receipt, 
review process, referee opinions or final results) with anyone except 
authors and referees. Referees and editorial board members cannot 
discuss articles in a public manner. Editors must send copies of the 
article to the editor once their review is complete. Referee reviews 
cannot be printed or disclosed without permission of the author 
and editor. Care is taken to keep the identities of the referees. In 
some cases, the editor may decide to send referee opinions on the 
article to other referees reviewing the same article to inform them 
during the process. All articles submitted will be subjected to peer 
review by the editorial board, and the authors will be informed 
within four weeks. Editorial board reserves the right to make some 
revisions in the article. Revised articles should also be accompanied 
by a unique letter with responses to reviewers’ comments. Articles 
that do not comply with the journal requirements listed below may 
be returned without review at the discretion of the editors. If the 
journal requests a revision, the author(s) should submit the revised 
version within six months. Otherwise , it will be considered a new 
submission.

9.  PREPaRaTıon oF aRTıClE
  Articles should be typed in 12 pt (Times New Roman), double 

spaced throughout with margins of 2.5 cm, and pages must be 
numbered on the right upper corner. Manuscripts must be in 
accordance with the International Committee of Medical Journal 
Editors: Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals (http://www.icmje.org/). Original articles 
should not exceed 15 double spaced typewritten pages, and case 
reports should not exceed 10 pages. Articles should be sent in either 
“doc” or “txt” format and organized as follows:
a.  Title page: The title page should contain the article title, 

authors’ names, academic titles and affiliations, a running title 
not exceeding 40 characters and the address for manuscript 
correspondence including e-mail address and telephone and fax 
numbers. If the article was presented at a scientific meeting, a 
complete statement including the date and place of the meeting 
should be provided.

b.  abstract and key words: All articles should contain an abstract. 
Abstracts must be no longer than 250 words. The abstracts 
should be structured [objective, materials and methods, 
results and conclusions]. Case reports should also include a 
structured abstract [objective, case report(s), and conclusion]. 
Abbreviations should not be used in the abstract. 

  The authors should list three to five key words or phrases taken 
from Index Medicus Medical Subject Headings (http://www.
nlm.nih.gov/mesh/MBrowser.html).
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c.  Text: Original articles should be organized in four main 
headings: introduction, material and method, results, and 
discussion. Define abbreviations at first mention in the text 
and in each table and figure. If a brand name is cited, supply 
the manufacturer’s name and address (city and state/country). 
Case reports should include the following identifiable 
sections: introduction, case report(s), and discussion. An 
“acknowledgement(s)” section may be added following these 
sections to thank those who helped the study or preparation 
of the article, if any. The acknowledgements are placed at the 
end of the article, before the references. This section contains 
statements of gratitude for personal, technical or material help, 
etc.

d.  References: References should be arranged according to 
the “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” rules developed by “International 
Committee of Medical Journal Editors (ICMJE)”. Some examples 
have been provided for frequently used reference types. The 
http://www.nlm.nih.gov/bsd/uniform_requirements.html site 
should be used for guidance on other types of references not 
provided here. Each reference should be numbered and listed 
according to their order in the text. They should be referred 
to in parentheses at the end of sentences within the text. The 
author(s) are responsible for the accuracy of the references. 
Journal titles should be abbreviated according to Index Medicus. 
Refer to the “List of Journals Indexed in Index Medicus” for 
abbreviations of journal names, or access the list at http://www.
nlm.nih.gov/tsd/serials/lji.html. Abbreviations are not used for 
journals not in the Index Medicus. Only published articles or 
articles “in press” can be used in references. All authors names 
must be written, do not use “et al”. Authors must add the DOI 
and/or PMID numbers to the end of each citation.
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Springer; 2002. p. 182-91.

e.  Tables: Each table must be typed double-spaced on a separate 
page following the references. Tables should be numbered 
consecutively with Roman numerals in order of appearance 
in the text and should include a short descriptive title typed 
directly above and essential footnotes including definitions 
of abbreviations below. They should be self-explanatory and 
should supplement rather than duplicate the material in the 
text.

f.  Figures: All figures should be numbered sequentially in the text 
with Arabic numbers and should be referred to in parentheses 
within the text. Art should be created / scanned and saved as 



either TIFF or JPEG format, submitted as a separate file, and not 
embedded in the text file. Electronic photographs, radiographs, 
CT scans, and scanned images must have a resolution of at least 
300 dpi and 1200x960 pixels. Writing any text on the figures 
should be avoided as much as possible.

g.  Figure legends: Include legends for all figures. Legends should 
appear on a separate page after the tables, should be brief and 
specific, and should include magnification and the stain used. 
Abbreviations and symbols used in the figures must be denoted 
in the legend.
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  All manuscripts must be submitted on-line through the web 

site (http://www.turkjpath.org/submit). The corresponding 
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Responsibility and Copyright Transfer Form” with the main 
manuscript. The copyright transfer form can be downloaded from 
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ABStRACt

with improvements in imaging to detect silent pancreatic lesions and increases in the number of centers now performing pancreatic surgery, 
more surgeries have been performed for indications other than invasive carcinoma. This has enormously added to our knowledge of the 
intraductal neoplasms of the pancreas. In addition, our understanding of the genetics of these lesions has expanded with the introduction of 
routine molecular genetic analyses. In this review, we provide an update into the most common intraductal neoplasms, namely intraductal 
papillary mucinous neoplasm and intraductal tubulopapillary neoplasm. we first focus on their clinicopathologic and molecular features of 
relevance to the practicing pathologist and then discuss their differential diagnoses. 

Key Words: Pancreatic intraductal tumors, IPMN, ITPN

INtRODUCtION

Intraductal neoplasms of the pancreas have become 
increasingly more common as recent developments 
in imaging techniques have led to increased detection 
of clinically silent tumors, many of which are detected 
incidentally during work-up for other diseases (1-5). 
Therefore, within the last decade, their histomorphologic, 
and especially molecular features have been studied in 
detail. 

This article reviews the currently available information 
on the clinicopathological/molecular features, differential 
diagnosis, and biological behavior of intraductal neoplasms 
of the pancreas namely; intraductal papillary mucinous 
neoplasm (IPMN) (including intraductal oncocytic 
neoplasm) as well as intraductal tubulopapillary neoplasm 
(ITPN).

Intraductal Papillary Mucinous Neoplasms 

Definition

The term intraductal papillary mucinous neoplasm (IPMN) 
was first described by Klöppel et al. in 1994 as grossly visible, 
mucin-producing, predominantly papillary, epithelial 
neoplasm arising from the main pancreatic duct or branch 
ducts, with varying degrees of duct dilatation (6). As per 
the international guidelines (7), which was also endorsed 
by the 2010 wHo Classification System (8), greater than 
1 cm diameter by radiologic/gross examination is required 
to distinguish IPMNs from large pancreatic intraepithelial 
neoplasms (PanINs).

Clinical Features

IPMNs occur slightly more frequently in men than in 
women with a male to female ratio of 3 to 2. The mean 
age at the time of diagnosis ranges between 62 and 67 
years (8-12). Most patients diagnosed with IPMNs 
are asymptomatic (13,14) and when associated with 
symptoms, it can mimic chronic pancreatitis (11,15-18). 
The etiology of IPMNs is not so clear, however, a previous 
history of diabetes, especially with insulin use, smoking, 
and a family history of pancreatic ductal adenocarcinoma 
are regarded as risk factors (10,19). Interestingly, the rate 
of extrapancreatic malignant tumors (colonic, gastric, 
bile duct, breast and prostate carcinoma) is reported to be 
higher in patients with IPMN than in those with pancreatic 
ductal adenocarcinoma (PDAC) (11,12,20-24).

Diagnostic Imaging Techniques

Typical signs on computed tomography (CT) are a diffusely 
distended pancreatic duct with filling defects and cystic 
lesions with connection to the pancreatic duct system 
(12,25-27). However, magnetic resonance imaging (MrI) 
seems superior to CT in terms of characterizing the lesion 
(28). endoscopic retrograde cholangiopancreatography 
(erCP) also usually reveals a dilated pancreatic duct with 
filling defects (12,29,30). 

Classification

IPMNs are currently classified based on their radiologic 
(and also macroscopic) appearance, cell type, and grade 
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of dysplasia (31). Most IPMNs are localized, but they can 
diffusely involve the entire gland. 

Radiologic (and Also Macroscopic) Classification

All IPMNs connect to larger pancreatic duct(s); however, 
not all IPMNs arise in the main pancreatic duct. Therefore, 
they are classified as branch duct-type and main duct-type 
(12).

Branch duct-type IPMN (BD-IPMN) is one of the most 
common “incidentalomas” due to the recent widespread 
use of imaging modalities (32). It arises in younger patients 
and is more likely to involve the uncinate process (12,16,33). 
BD-IPMN manifests either as a cyst or a cluster of cysts 
without dilation of the main pancreatic duct. The cysts are 
usually not larger than 1-2 cm with smooth and glistening 
cyst lining (Figure 1A) (10,15,26,31). Many BD-IPMNs 
lack nodular formation and commonly contain inspissated 
mucinous material (34).

Main duct-type IPMN (MD-IPMN) is usually located in 
the head of the pancreas. It is characterized by a markedly 
dilated (average diameter, 4.1 cm), tortuous main 
pancreatic duct that may be filled with mucin or solid but 
friable mass (12,31,35,36) (Figure 1B).

Microscopic Classification

IPMNs differ in the cell type that composes the papillary 
epithelium, allowing their classification into gastric, 
intestinal, pancreatobiliary, and oncocytic subtypes 
(37) based on the histomorphologic features and the 
immunohistochemical characteristics. Although the 
oncocytic-type was originally described as a separate entity 
(intraductal oncocytic papillary neoplasm) (See below) 

(38), the current (2010) wHo puts this neoplasm under 
the general category of IPMNs, due to overlap between the 
clinicopathologic features of IoPNs and other subtypes of 
IPMNs (39).

In gastric-type, the papillae are lined by simple epithelium 
that resembles gastric foveolar epithelium. BD-IPMNs often 
show gastric foveolar differentiation (12,40-42) (Figure 
2A). The tumor cells have low proliferative activity, and 
rarely exhibit malignant transformation. Intestinal-type 
IPMNs have papillae lined by pseudostratified columnar 
cells with cigar-shaped nuclei and apical goblet like mucin 
resembling colonic villous adenomas (Figure 2B). Most 
main duct IPMNs are of intestinal type (12, 41, 43, 44). 
Pancreatobiliary-type IPMNs usually involve the main 
pancreatic duct and are characterized by more complex, 
interconnecting papillae lined by atypical cuboidal cells 
that have little intracellular mucin, enlarged round 
nuclei, and prominent eccentric nucleolus (Figure 2C) 
(10,41). This type epithelium is often seen in an intimate 
association with less atypical gastric type epithelium, and 
for this reason, some observers believe that it represents 
the high-grade dysplastic version of gastric type rather 
than a specific type of its own (42). of note, both intestinal- 
and pancreatobiliary-types of IPMN may have areas 
lined by gastric-type epithelium; however, it is extremely 
uncommon to find both intestinal- and pancreatobiliary-
type papillae within the same IPMN.

Microscopically, IPMNs also exhibit various degrees 
of dysplasia. Based on the degree of architectural and 
cytological atypia, the current (2010) wHo classification 
system subclassifies these neoplasms as IPMN with low-
grade, intermediate-grade, and high-grade dysplasia (8). In 

Figure 1: A) Branch duct-type IPMN with smooth and glistening cyst lining. B) Main duct-type IPMN involving the main pancreatic 
duct with friable papillary projections.
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this 3-tiered grading system, low-grade dysplasia is defined 
as neoplastic cells that form a single layer of well oriented, 
have small and uniform nuclei, lack of nucleoli and mitoses 
(Figure 3A). Intermediate-grade dysplasia is defined as 
tumor cells with nuclear stratification, high nuclear to 
cytoplasmic ratio, loss of polarity, enlarged nuclei and 
pleomorphism, but papillae still have fibrovascular cores. 
High-grade dysplasia has more complex architecture with 
nuclear pleomorphism, increased mitotic figures, atypia, 
and cribriforming additional to these features (Figure 3B) 
(43). In a given case, the final grade of IPMN is based on the 
highest grade, no matter how small it is (45).

However, lately it has been shown that IPMNs with low-
grade or intermediate-grade dysplasia have low progression 
rate compared to ones with high-grade dysplasia (45-51). 
Also, the goal of clinical management is to observe low-
grade and intermediate-grade precursor lesions and to 
resect high-grade precursor lesions in order to decrease the 
risk of invasive cancer. Therefore, at a recent international 
consensus meeting held in Baltimore to revise the grading 
system and reporting of precursor lesions in pancreas, a 
2-tiered classification scheme was felt to be more in line with 
practical consequences: low-grade and intermediate-grade 
dysplasia likely has no immediate clinical consequences, 
whereas high-grade dysplasia usually requires clinical 
attention. According to this new 2-tiered grading system, 
intermediate-grade is now categorized as low-grade, and 
high-grade is used only for most advanced dysplastic 
lesions (52).

Figure 2: A) IPMN of gastric type. The papillae are lined by simple epithelium that resembles gastric foveolar epithelium (H&e; x100).  
B) IPMN of intestinal type. The papillae lined by pseudostratified columnar cells with cigar-shaped nuclei, apical goblet like mucin 
resembling colonic villous adenomas (H&e; x200). C) IPMN of pancreatobiliary type with more complex, interconnecting papillae lined 
by atypical cuboidal cells that have little cytoplasmic mucin and enlarged round nuclei (H&e; x100).

Invasive Carcinoma Associated with IPMNs 

The most important determinant of outcome in the 
management of patients with IPMNs is whether an associated 
invasive carcinoma is present or not (1,11,13,16,53-57). 
Approximately 40-60% of resected IPMNs have had an 
associated invasive carcinoma, either of the colloid-type 
or ductal-type (11,58). Various authors have reported that 
MD-IPMNs have a higher potential of having invasive 
disease, compared to BD-IPMNs (13,43,59,60).

Gastric-type IPMNs rarely have an invasive carcinoma 
(61); however, when a carcinoma develops, it is typically 
ductal-type and has aggressive behavior (62). Intestinal-
type IPMNs tend to be large, complex, and prone to have 
invasive carcinoma, and when they are associated with an 
invasive carcinoma, it is typically of colloid type (Figure 
4A) characterized by nodules of stromal mucin that contain 
relatively scant clusters of carcinoma cells (10,41,63-65). 
This form of invasive carcinoma has to be distinguished 
from benign spillage of mucin into the stroma called 
pseudoinvasion. In contrast to invasive carcinoma, benign 
spillage of mucin does not contain neoplastic cells and 
is usually associated with an inflammatory response at 
the periphery. In some cases, it can be very difficult to 
distinguish pseudoinvasion from true invasive colloid 
carcinoma. For such cases, the diagnosis of “indeterminate 
for invasion” may have to be rendered (45). Invasive 
carcinoma associated with pancreatobiliary-type IPMNs 
is usually tubular type, characterized by infiltrating small 
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Figure 3: A) IPMN with low grade dysplasia. The neoplastic cells form a single layer of well oriented, small and uniform nuclei and lack 
of frequent mitoses (H&e; x100). B) IPMN with high grade dysplasia has more complex architecture with cribriform pattern, nuclear 
pleomorphism, and increased mitotic figures (H&e; x100)

to medium tubular units separated by desmoplastic stroma 
with all the morphologic features of PDAC (Figure 4B) 
(10,16,24,54,66-68).

Grossing

First of all, every attempt should be made to measure the 
diameter of the main pancreatic duct. Then, for unifocal but 
multilocular lesions, overall size of locules; for multifocal 
lesions, the range of the foci should be documented (45). 
Some IPMNs have very thin-walled cysts that can rupture 
during gross examination. Therefore, for such IPMNs, 

the true size needs to be determined by close correlation 
with radiologic findings. Documenting the gross size 
of any solid or gelatinous component is also required as 
invasive carcinomas are often solid or gelatinous and this 
component often corresponds to ‘‘mural nodule’’ detected 
by imaging preoperatively (69). More importantly, it 
should be kept in mind that an invasive carcinoma arising 
in association with an IPMN can only be definitely excluded 
by thorough evaluation of not only the entire lesion but 
also the uninvolved pancreas as well (45,70,71). 

Figure 4: A) Invasive carcinoma 
of colloid type characterized by 
abundant mucin with floating 
epithelial cells and (H&e; x40), 
B) Tubular type, characterized 
by infiltrating small to medium 
tubular units separated by 
desmoplastic stroma (H&e; x40).

A B
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Frozen Section

evaluation of margins by frozen section may be indicated in 
some cases of IPMNs. The presence of low-grade dysplasia 
at the resection margin does not need further resection, 
while involvement by high-grade dysplasia or invasive 
carcinoma is important as it usually means more aggressive 
surgery (72-74). Although intestinal- and oncocytic-type 
IPMNs are easy to distinguish from PanIN, gastric- or 
pancreatobiliary-type IPMNs are virtually indistinguishable 
from PanIN. For this reason, it is recommended that low-
grade intraductal mucinous lesions in pancreatic margins 
be reported as ‘‘No high-grade dysplasia or invasive 
carcinoma is identified; low-grade mucinous epithelium 
is present (differential diagnoses include low-grade PanIN 
or low-grade IPMN).’’ Similarly, high-grade intraductal 
mucinous lesions should be reported as ‘‘High-grade 
mucinous epithelium is present (differential diagnoses 
include high-grade PanIN or high-grade IPMN).

evaluation of denuded duct epithelium is also problematic 
on frozen section. For such cases, deeper sections are 
suggested to find whether any adherent epithelium is 
present. If deeper sections are also similar, the case may 
be reported as “denuded epithelium, cannot assess for 
neoplastic process” (45,53)

Reporting 

In reporting IPMNs, if there is no associated invasive 
carcinoma, it is recommended that the diagnosis should 
start with the name of the precursor lesions, followed by 
the grade, morphologic subtype and size (i.e. IPMN with 
low-grade dysplasia, intestinal type, 2 cm). If there is any 
associated invasive carcinoma, the pathology report should 
separately document the characteristics of both precursor 
and invasive lesions. The term “IPMN with invasive 
carcinoma” or “invasive carcinoma with an associated 
IPMN” may be used. The terms “malignant IPMN” or 
“minimally invasive IPMN” should not be used as these 
terms are non-specific and potentially misleading. If the 
invasive carcinoma is unifocal, the largest diameter of the 

invasive focus should be measured. If it is multifocal, it is 
recommended that both the diameter of the largest invasive 
focus and the overall estimated size of all foci in aggregate 
be provided in the comment of the report (45, 52).

Immunohistochemical Features

All IPMNs express cytokeratin (Ae1/Ae3, CAM5.2, CK7, 
8,18,19), and except for the intestinal type, all are negative 
for CK20 (75,76). Different patterns of MUC expression 
are seen in IPMNs and correlate with morphologic 
differentiation (Table I) (24,41,44). MUC5AC is detected 
in most IPMNs, regardless of the type. The gastric-type 
just labels with MUC5AC, while the pancreatobiliary-
type IPMNs also label with MUC1 and is negative for 
MUC2 (12,41,42,44,77-80). Intestinal-type IPMNs 
express the intestinal lineage markers such as MUC2, 
and CDX2 that are not expressed in the normal 
pancreas or other IPMN types (11,12,24,41,44,78). 
when pancreatobiliary- and intestinal-type IPMNs 
are associated with invasive carcinoma, the invasive 
component also expresses the same markers as non-
invasive component does. It should be noted that 
scattered goblet cells can be seen in non-intestinal types 
of IPMNs rendering the tumor focal positivity for MUC2, 
CDX2, and CK20 (34). Immuno labeling can also reveal 
scattered chromogranin positive cells at the base of the 
neoplastic epithelium (81).

Molecular Features

whole-exome sequencing of IPMNs revealed about 26 
mutations per IPMN (82,83). The most common mutations 
seen in IPMNs are KRAS, GNAS and RNF43 genes. KRAS 
mutation is identified in approximately 80% of IPMNs, while 
GNAS mutation is seen in approximately 60%, and RNF43 
in approximately 75%. KRAS mutation is most commonly 
seen in gastric-, and secondly in pancreatobiliary-type (84-
86). GNAS mutation is commonly identified in intestinal-
type of IPMNs and if the neoplasm is associated with invasive 
carcinoma this mutation is seen in both invasive and non-
invasive component (87). Although KRAS mutation is 

table I: Immunohistochemical profile of IPMNs (including IoPNs)

Ck7/8/18/19 MUC1 MUC2 CDX2 Ck20 MUC5AC MUC6
IPMNs

Gastric type + - - - - + -
Intestinal type + - + + + + -
Pancreatobiliary type + + - - - + +

IOPNs + + - - - + +
IPMN: Intraductal papillary mucinous neoplasm. IOPN: Intraductal oncocytic papillary neoplasm
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common in both IPMN and PDAC, GNAS mutation is not 
identified in PDAC and the frequency of RNF43 mutation 
in PDAC is not known (84). Less common alterations seen 
in IPMNs involves PIK3CA, AKT1, CDKN2a/p16, SMAD4, 
TP53, BRAF, CTNNB1/β-catenin, IDH1, STK11, PTEN, 
ATM, CDH1, and FGFR3 genes (54,82,88,89).

Treatment 

Nowadays, IPMNs represent the 10-30% of all resectable 
pancreatic tumors and the treatment of MD-IPMNs has not 
changed much over the past three decades. Most patients 
with MD-IPMNs who fit for surgery, undergo tumor 
resection. BD-IPMNs measuring >3 cm in diameter, even 
without mural nodules is also recommended for resection 
according to Sendai guidelines although Fukuoka guidelines 
include more conservative criteria for resection (7)

Prognosis

Malignant progression is more closely associated with older 
age (>70 years) and female gender (90). Not surprisingly, 
invasive carcinoma stage is the most significant predictor 
of survival followed by the invasive carcinoma histological 
subtype (55, 91-93) and half of those with an associated 
invasive carcinoma die of the disease (15,66) (94-98). In 
a relatively recent study comparing stage matched IPMN-
associated colloid carcinoma, IPMN-associated tubular 
carcinoma, and conventional pancreatic adenocarcinoma, 
the colloid carcinoma was found to have a more favorable 
survival outcome than the tubular carcinoma (The 5-year 
estimated survival rates for colloid carcinoma and tubular 
carcinoma were 87% and, 55%, respectively (p=0.01)). Also, 
patients with invasive tubular IPMN had no statistically 

significant difference in survival as matched patients with 
conventional ductal pancreatic carcinoma (The 3-year 
estimated survival rates were 61% and, 21%, respectively 
(p=0.87)) (99).

Series from large centers also allow the conclusion that 
non-invasive IPMNs recur in up to 13% after resection. 
The recurrence rate is higher (28-60%) for IPMNs with 
invasive component (100,101). Invasive carcinoma may 
also develop in the remnants after partial pancreatectomy 
for IPMNs. This is likely related to the multicentricity 
of IPMNs (102) that is why careful examination of the 
remaining pancreas by the surgeon is as important as 
extensive, if not total, sampling of the resected pancreas by 
the pathologists. 

Differential Diagnosis

The most common problem is to distinguish IPMNs from 
MCNs. IPMNs are defined as mucin producing tumors 
arising from the main or branch pancreatic ducts (8), while 
MCNs are characterized by de-novo mucin-producing 
tumors with ovarian-type type stroma (Figure 5) (i.e. 
MCNs don’t have any communication with pancreatic 
ductal system) (103). They have different clinical, gross 
and microscopic findings (Table II). For example, MCNs 
generally involve the tail of the pancreas in perimenopausal 
women, while IPMNs are seen in older men and involve the 
head of the pancreas. Grossly, the most important finding 
that favors MCN over IPMN is the lack of communication 
with pancreatic duct system (11,14,77,103-105). Micro-
scopically, both neoplasms are lined by mucinous 
epithelium, but MCNs have distinct ovarian-type stroma, 
which is positive for estrogen, and progesterone receptors 
as well as smooth muscle actin (SMA), inhibin and 
calponin (12,103-113). The cyst lining of both lesions 
might be papillary or flat, and sometimes be almost entirely 
denuded, which makes rendering the diagnosis difficult. In 
this situation, additional sectioning is recommended to 
identify the epithelial lining (104,114,115). The epithelial 
cells of MCNs label with CK7, 8, 18, 19, CAM 5.2, as well 
as MUC5AC. MUC6 expression is also reported (114,116). 
MUC1 expression can be identified in the invasive 
component. Unlike IPMNs, MCNs do not show intestinal 
differentiation, so they generally do not express CDX2 and 
CK20 (115,117).

The other problematic issue is to distinguish IPMNs from 
PanIN. If the IPMN is gastric- or pancreatobiliary-type, 
it may be impossible to distinguish IPMNs extending to 
smaller ducts from independent, incidental PanIN (43,54). 
If the tumor is grossly and microscopically less than 0.5 cm, 

Figure 5: Mucinous cystic neoplasm characterized by mucin 
producing columnar epithelium surrounded by ovarian type 
stroma (H&e; x100).
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PanIN is favored as IPMN is, by definition, larger than 1 
cm in size (10,43,73). Also, the papillae of IPMNs are taller 
and more complex than those of PanIN, and the tumors 
cells may express MUC2 in IPMNs, while they are negative 
in PanIN (43). Some PDACs with large invasive glands, 
a.k.a large duct-type PDAC, may also resemble IPMNs, but 
the irregular contours and flat epithelial lining of the glands 
and presence of necrotic debris within their lumen favor 
PDAC (118,119).

of note, larger than 1 cm pancreatic cysts lined by non-
papillary mucinous epithelium without ovarian-type 
stroma (i.e. mucinous cysts that do not have characteristic 
features of intraductal papillary mucinous neoplasms or 
mucinous cystic neoplasms) may pose diagnostic challenges 
(120). The term “simple mucinous cyst” was recently 
proposed for these lesions (52). Since KRAS mutations 
can be detected in these typically bland cysts, and in rare 
instances, focal high-grade dysplasia may be present, these 
cysts should be viewed as neoplastic and treated similarly 
to other neoplastic mucinous pancreatic cysts (120). 

Intraductal Oncocytic Papillary Neoplasm 

Definition

The term intraductal oncocytic papillary neoplasm 
(IoPN) was first described by Adsay et al in 1996, as a 
grossly cystic epithelial neoplasm composed of oxyphilic 
cells that grow within the pancreatic ducts (38). However, 
the current (2010) wHo classification puts this neoplasm 
under the general IPMN category (39).

Clinical Features

IoPN is usually seen during the seventh decade of life 
(58, 121,122) with equal male to female ratio (58,121,122). 
Patients are either asymptomatic or have non-specific 
symptoms, similar to IPMNs. 

Pathologic Features

Macroscopically, IoPNs usually involve the head of the 
pancreas and present as cystic lesions with soft friable 
papillary structures involving the main pancreatic duct. 
The mean tumor size is 6 cm (38,122-124).

Microscopically, they are characterized with papillary 
projections lined by stratified cuboidal or columnar cells. 
The cells have distinctive oncocytic cytoplasm and nuclei 
with single, prominent, nucleoli (58,121) (Figure 6A,B). 
Intracellular lumens are also seen (38, 121-123, 125, 126). 
Despite highly complex morphology and atypical cytology, 
most examples are devoid of invasive carcinoma, and, 
if present, invasion is usually limited in amount (121, 
124). The invasive component can be oncocytic, 
mucinous (colloid-like), sarcomatoid/undifferentiated, 
or even neuroendocrine type (38,123,125,127,128). Similar 
to IPMNs, features of both invasive and non-invasive 
components should be documented separately (121). 

Immunohistochemical Features

The tumor cells usually express MUC1 and MUC6 
(61,77,121,129,130), while are negative for MUC2, and 
CDX2. More importantly, neuroendocrine and acinar 
differentiation markers are both negative.

table II. The comparison of IPMNs and MCNs 

MCNs IPMNs
Age 40-50 yrs 60s
Gender F>M M>F
Location of the tumor Body/Tail Head
Relation with pancreatic duct No Yes
Mucin extrusion from ampulla No often
Stroma ovarian type Collagenous
Multifocality rare 20-30%
Ck7/8/18/19
MUC5AC
MUC6
CDX2
Ck20
ER,PR 

+
rarely +
rarely +

-
-

+ (stroma)

+
+

+ (pancreatobiliary type)
+ (Intestinal type)
+ (Intestinal type)

-
IPMN: Intraductal papillary mucinous neoplasm, MCN: Mucinous cystic neoplasm.
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Molecular Features

recent molecular studies showed that IoPNs have distinct 
molecular features compared to IPMNs as they do not 
reveal KRAS, GNAS, or RNF43 mutations, which are 
commonly seen in IPMNs (131). 

Prognosis and Treatment

The long-term follow-up of patients with IoPN reveals 
that the recurrence rate is high (up to 40%) (132). However, 
survival outcomes are still favorable despite the second 
resection. Also, even though these intraductal neoplasms 
may develop invasive carcinoma, usually in the form of 
invasive oncocytic or mucinous (colloid-like) carcinoma, 
they still have more indolent course than conventional 
PDAC (16,31,38,40,71,121,124,126,133).

Intraductal tubulopapillary Neoplasm 

Definition

First reported by Tajiri et al in 2004 (134), intraductal 
tubulopapillary neoplasm (ITPN) was classified by wHo 
as a distinct type of pancreatic intraductal neoplasm in 
2010 (8).

Clinical Features

ITPNs are rare neoplasms seen at an average age of 53 
years, with equal female to male ratio (31,135). The 
patients usually present with non-specific symptoms such 
as abdominal pain, vomiting, weight loss, and steatorrhea. 
Unlike PDAC, there is no jaundice (135). The tumor is 

usually characterized by solid and cystic areas on imaging; 
pre-operative diagnosis of IPMN might be rendered for 
some cases. 

Pathologic Features

on gross examination, the tumors are multinodular, with 
the mean tumor size of 4.5 cm and one might see soft, 
polypoid masses within dilated pancreatic ducts (135). 
About 50% of the ITPNs involve the head of the pancreas, 
and 30% involves the entire gland. Cyst formation is 
generally uncommon, and the adjacent pancreatic tissue is 
usually sclerotic (136). Because of their intraductal growth 
pattern, it is difficult to differentiate ITPNs from IPMNs 
grossly (8,137). 

Microscopically, these neoplasms have a nodular growth 
pattern (Figure 7A). Intraductal location of at least some 
of the tumor nodules is identified in every case as there is 
continuity of the neoplastic epithelium with histologically 
normal-appearing ductal epithelium. However, many 
tumor nodules show no residual non-neoplastic ductal 
epithelium at the periphery (135). The nodules are 
composed of either back to back tubular glands or 
punctuated sheets of tumor cells (Figure 7B) (54,134,138). 
Despite the entity’s name, the predominant growth pattern 
is tubular in ITPNs with papilla formation seen only focally 
in rare cases (135,139). Although small foci of necrosis 
are common, rare cases might even reveal comedo-like 
necrosis as shown here within the nodules. The cuboidal 
tumor cells have modest amount of cytoplasm without 

Figure 6: A) The characteristic 
appearance of IoPN with complex 
papillae and distinctive granular 
cytoplasm (H&e; x100) and 
B) Nuclei with single prominent, 
eccentric nucleoli. Intracellular 
lumens are also present                     
(H&e; x200).A B
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obvious intracellular mucin content. The nuclei are small, 
round to oval, and moderately to markedly atypical with 
readily identifiable mitotic figures (135).

Approximately 70% cases have invasive carcinoma 
component ranging from minute (representing less than 
10% of the tumor) to extensive (more than 50% of the 
tumor) (135). However, because (7,134) many of the 
individual tumor nodules lack a peripheral rim of non-
neoplastic ductal epithelium, it is often very difficult to 
determine whether invasive carcinoma is present (24,138). 
Foci in which there are thin strands of cells extending away 
from the edges of the nodules are regarded to represent 
stromal invasion (Figure 8). In some cases, there are 
individual malignant glands clearly infiltrating into the 
stroma (135).

Immunohistochemical Features

The immuno profile for ITPNs is interesting. The tumor 
cells are positive with CK7,8,18,19, and MUC1 and MUC6, 
while MUC2 and MUC5AC are generally negative. Most 
cases also express CA19.9, which is typically expressed in 
ductal epithelial cells and ductal neoplasms (135). 

Molecular Features

Although their intraductal nature and some of 
clinicopathological feature similar to those of IPMNs, ITPNs 
appear to have distinguishing molecular characteristics. 
For example, in a recent study based on targeted next-
generation sequencing for a panel of 51 cancer-associated 

genes, no mutations were identified in three ITPNs analyzed 
(88). Similarly, in another study analyzing eleven ITPNs 
by targeted next-generation sequencing for a panel of 300 
cancer-associated genes, our group showed that ITPNs do 
not harbor the majority of the previously reported IPMN-
related mutations. In fact, only three specific genes were 
mutated in more than one ITPN: MLL2, MLL3, and BAP1 
(chromatin remodeling genes) (140). Further analysis of 
genetic alterations in biologically distinct pathway(s) will 
likely shed new light on the mechanisms of intraductal 
tumor formation in the pancreas.

Figure 7: A) Intraductal tu-
bulopapillary neoplasm with a 
nodular growth pattern within 
the fibrotic stroma (H&e; 
x100), and B) The nodule is 
composed of back to back 
tubular glands or punctuated 
solid areas (H&e; x200).

Figure 8: Foci in which there are thin strands of cells extending 
away from the edges of the nodules are regarded as stromal 
invasion (H&e; x40).

A B
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Prognosis

Although ITPN is relatively newly defined entity, 
preliminary data suggest that the overall clinical course of 
these neoplasms was indolent. Interestingly, there seems to 
be no clinical course and invasion correlation (135,139). 
However, this is most likely, due to sampling phenomenon. 
Therefore, careful sampling and evaluation is warranted.

Differential Diagnosis

The differential diagnosis includes other fundamentally 
intraductal tumors such as IPMNs as well as other pancreatic 
neoplasms that may rarely grow within the ducts (acinar 
cell carcinoma and pancreatic neuroendocrine neoplasm). 
Although IPMNs may have some limited tubular growth, 
especially at the periphery of the involved ducts, all show 
extensive intraductal papilla formation, and complete 
obliteration of the ductal profiles is distinctly unusual. 

The back-to-back tubules of intraductal tubular carcinoma, 
each of which has a relatively small lumen, closely simulate 
the pattern of acinar neoplasms of the pancreas. Most acinar 
cell carcinomas are large solid lesions and demonstrate no 
involvement of the native pancreatic ducts. However, rare 
cases have been described in which an intraductal growth 
pattern is present either focally or extensively. Some in 
fact show papillary formations within the native ducts 
(137,141,142). Acinar cell carcinomas with intraductal 
spread can be difficult to distinguish from ITPN by routine 
microscopy, but immunohistochemistry is very helpful. 
Acinar cell carcinomas consistently express pancreatic 
enzymes such as trypsin, chymotrypsin, and lipase and 
generally lack expression of CK19 (141-144).

Finally, pancreatic neuroendocrine neoplasms can 
rarely show an intraductal growth pattern. Usually, 
these are solid neoplasms, although gland formation can 
occur in pancreatic neuroendocrine neoplasms. Again, 
immunohistochemistry is extremely helpful, as there is 
diffuse positivity for chromogranin and/or synaptophysin 
in pancreatic neuroendocrine neoplasms. In should be 
kept in mind that some ITPNs have a minor population of 
neuroendocrine cells (as can be seen in any type of exocrine 
pancreatic neoplasm), but these are generally arranged 
individually, and diffuse labeling for neuroendocrine 
markers is not found (135,139).

SUMMARy and CONCLUSION 

Intraductal neoplasms of the pancreas are precursor lesions 
for pancreatic ductal adenocarcinoma and IPMNs are the 
most common type among these. The most important 
determinant of outcome in the management of patients 
with these intraductal neoplasms is whether an associated 
invasive carcinoma is present or not and the tumor size/

stage is the most significant predictor of survival followed 
by the histological subtype. That is why the careful and 
extensive, if not complete, sampling is necessary (8,13,16, 
53,55-57).

Differential diagnoses of IPMN include PanIN, IoPN, ITPN, 
MCN, and large duct type PDAC. In addition to imaging 
and histomorphologic findings, immunohistochemistry 
and even genetic tests summarized in this article might be 
used to establish the final diagnosis. 
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INTRODUCTION

Pituitary adenomas are adenohypophyseal tumours with 
increasing incidence due to the improving radiological 
methods and hormone assays for detection (1). The 
prevalence of these tumours is 14.4% in autopsy series and 
22.5% in radiological studies, with an overall estimated 
prevalence of 16.7% (2). Several clinical outcomes 
according to tumour size and hormonal activity may occur 
in these tumours that evolve from a small endocrine gland 
(1,3). These clinical scenarios may include either local 
mass effects or systemic effects resulting from endocrine 
disorders (3).

Pituitary adenomas can be classified according to size as 
microadenomas (≤10 mm) or macroadenomas (>10 mm) 
and according to radiological appearance as invasive, 
noninvasive, or aggressive-invasive (4). The World Health 
Organization (5) currently classifies pituitary adenomas 
based on the immunohistochemical demonstration 
of produced and expressed hormones with clinical 
reflections. However, the most recent classification of 

pituitary adenomas is based on an immunohistochemical 
panel consisting of immune profiling of adenohypophyseal 
hormones by monoclonal antibodies, cell-specific 
transcription factors, and low-molecular-weight keratin 
(CAM5.2), ki-67, and p53 (6,7).

Although pituitary adenomas have benign histomorpho-
logical features, some of these tumours may present in 
an aggressive manner by invasion of surrounding tissues, 
recurrences, and resistance to medical therapies (4,8). 
Thus, the WHO classification defined these tumours 
as invasive pituitary adenomas with increased mitotic 
activity, a ki-67 proliferation index of >3%, and extensive 
p53 immune staining, namely, ‘atypical adenomas’. To 
predict the behaviour of these tumours, many studies have 
been performed by investigating various markers related 
to chromosomal alterations, micrornAs (mirnAs), 
proliferation markers, oncogenes, tumour suppressor 
genes, angiogenesis, cell adhesion, growth factors, and their 
receptors (1,4,9-12). Such studies show that none of these 
markers may predict the behaviour of these tumours alone, 
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but combinations of fibroblast growth factor receptor 4 
(FGFr4), matrix metalloproteinases (MMPs), particularly 
MMP2 and MMP9, ki-67, p53, pituitary tumour 
transforming gene (PTTG), and deletions in chromosome 
11p seem to have benefits for predicting the aggressiveness 
of pituitary adenomas (1).

Moreover, investigations continue into several biomarkers 
other than the suggested panel mentioned above (13, 14). 
One of these markers is telomerase reverse transcriptase 
(TErT). Telomerase is a ribonucleic protein complex 
that includes a catalytic subunit TErT (telomerase 
associated protein 2) and an rnA component (TErC), 
and it maintains telomere homeostasis and chromosomal 
integrity (15). Telomeres are located at the end and inner 
sides of chromosomes, and shortening of these nucleotide 
sequences in cell divisions induces apoptosis or cell 
senescence. On the other hand, lengthening of the telomeres 
results in prevention of cell replication and thus is assumed 
to be a part of tumorigenesis, particularly by expression 
or activation of telomerase (16). TErT expression is 
suppressed in normal adult somatic tissues, but it can be 
expressed in embryogenic tissues. reactivation of TErT 
has been detected in approximately 90% of human cancers 
(3,17-20). Thus, TErT activity in pituitary adenomas has 
been the subject of a few studies that showed contradictory 
results (3,16,21).

The present study aims to investigate mainly two 
issues. Initially, the authors aim to investigate whether 
immunohistochemical expression of TErT differs in 
neoplastic and nonneoplastic pituitary tissues. Then, the 
authors will investigate whether TErT expression is related 
to clinicopathological features of pituitary adenomas such 
as gender, age at the presentation, tumour size, hormonal 
activity of the tumour, and recurrence.

MATERIAL and METHODS

Patient Selection

The medical reports of patients who were referred to the 
Department of Pathology were reviewed between August 
2007 and August 2014. The study protocol was approved 
by the local Ethics Committee of the University Hospital. 
Patients selected for the study had been diagnosed with 
pituitary adenomas and had clinical follow-ups. In all, 
78 patients who fulfilled the criteria were included in the 
study. Patient data regarding age at the time of diagnosis, 
sex, and data from clinical follow-ups (recurrence of 
disease, re-operation) were obtained from the records of 
the Department of Clinical Endocrinology and Metabolism 
Diseases. Also, nonneoplastic pituitary tissues were obtained 
from autopsy specimens among those who died from causes 
other than endocrine diseases (n=20). Haematoxylin- 
and eosin-stained slides (Figure 1A), reticulin stained 
slides (Figure 1B), and immunohistochemical stainings 

Figure 1: A) Pituitary adenoma surrounded by nonneoplastic pituitary tissue (H&E; x200). B) Destruction of reticulin meshwork in 
pituitary adenoma, note the maintenance of reticulin meshwork in nonneoplastic pituitary tissue (reticulin; x200).

A B
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the indicated dilutions was used for TErT immune staining 
(TErT polyclonal antibody, unconjugated, 1:100; Bioss, 
USA, Catalogue no. bs-1411r). A single pathologist (n.C.) 
who was blinded to the clinical assessments of each case 
evaluated the expression in tissues with a nikon Eclipse 80i 
microscope. Both nuclear and cytoplasmic expression of 
TErT antibody was noted (22) and scored. Then, a total 
(combined nuclear and cytoplasmic) score was obtained 
from the sum of cytoplasmic and nuclear scores. The 
scoring schema is presented below. 

The scoring of cytoplasmic TErT expression: 

- Cytoplasmic score 0: Cytoplasmic staining in <10% of 
the tissue (Figure 2A),

- Cytoplasmic score 1: Mild cytoplasmic staining in ≥10% 
of the tissue (Figure 2B),

- Cytoplasmic score 2: Moderate cytoplasmic staining in 
≥10% of the tissue (Figure 2C),

- Cytoplasmic score 3: Significant cytoplasmic staining in 
≥10% of the tissue (Figure 2D).

The scoring of nuclear TErT expression: 

- nuclear score 0: nuclear staining in <10% of the tissue,

- nuclear score 1: Dot-like nuclear staining in ≥10% of 
the tissue (Figure 3A),

- nuclear score 2: Complete nuclear staining in ≥10% of 
the tissue (Figure 3B).

Total (combined nuclear and cytoplasmic) TErT 
expression:

- negative for TErT expression: The sum of nuclear and 
cytoplasmic scores <2, 

- Positive for TErT expression: The sum of nuclear and 
cytoplasmic scores ≥2 (Figures 3C-3D).

Statistical Analysis

Statistical analysis was carried out using SPSS v20.0 
software (IBM SPSS, Inc., Chicago, IL, USA). Appropriate 
chi-square tests (Pearson, yates, or Fisher) were used to 
compare the total TErT expression with clinicopathological 
features such as tissue type, gender, tumour size, hormonal 
tumour type, and recurrence. The Mann-Whitney U test 
and kruskal-Wallis test were used in the comparisons 
of numerical data (nuclear/cytoplasmic TErT score 
with tissue type, gender, tumour size, hormonal tumour 
type, and recurrence). A p value of <0.05 was considered 
statistically significant. 

of adenohypophyseal hormones (growth hormone [GH], 
prolactin [PrL], adrenocorticotrophic hormone [ACTH], 
follicle-stimulating hormone [FSH], luteinizing hormone 
[LH], and thyroid stimulating hormone [TSH]) obtained 
from paraffin-embedded blocks of specimens were re-
evaluated by one pathologist (n.C.) who was blinded to the 
original pathological diagnosis of the slide and to clinical 
and prognostic data. The paraffin-embedded blocks 
containing appropriate tissues representing the adenomas 
of 48 patients were selected for immunohistochemical 
studies for TErT. The patients whose specimens did not 
represent tumour tissue were excluded from the study.

Clinicopathological Criteria 

Tumours were grouped according to the preoperative 
radiological size and the secreted hormone(s) that caused 
clinical signs. Tumours sized ≤10 mm were classified as 
microadenomas, whereas tumours sized >10 mm were 
classified as macroadenomas. Tumours were grouped 
according to the clinical symptoms and dominant immune 
reaction of secreted hormones as in the following (since 
adenohypophyseal transcription factors could not be 
performed, the classification was performed according to 
the status of adenohypophyseal hormones): 

- GH producing/expressing adenomas: Somatotroph 
adenomas

- PrL producing/expressing adenomas: Lactotroph 
adenomas

- FSH-LH producing/expressing adenomas: Gonado-
troph adenomas

- ACTH producing/expressing adenomas: Corticotroph 
adenomas

- TSH producing/expressing adenomas: Thyrotroph 
adenomas

- GH and PrL producing/expressing adenomas: Mixed 
somatotroph and lactotroph adenomas

- nonproducing adenomas: null cell adenomas

The clinical features considered in the statistical analysis 
included age at the time of diagnosis, sex (male or female), 
tumour size (≤10 mm, >10 mm) and recurrence (absent/
present).

Immunohistochemistry

Immunostaining for the TErT antibody was performed 
with a fully automated immunohistochemistry and in 
situ hybridization (IHC/ISH) staining machine (Ventana 
BenchMark XT, USA). The following primary antibody at 
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RESULTS

Clinicopathological Features of Patients in the Study 
Group 

The clinicopathological features of the patients are 
summarized in Table I. The median age of the patients was 
52.7 years (ranging from 18 to 79 years). Of the 48 patients, 
18 (37.5%) were female and 30 (62.5%) were male. Tumour 
type according to the hormonal status was somatotroph 
adenoma in 13 (27.1%), lactotroph adenoma in 8 (16.7%), 
gonadotroph adenoma in 3 (6.3%), corticotroph adenoma 
in 5 (10.4%), thyrotroph adenoma in 1 (2.1%), mixed 
somatotroph and lactotroph adenoma in 9 (18.7%), and 
null cell adenoma in 9 (18.7%) of the patients. 

Figure 2: A) Cytoplasmic TErT staining in < 10% of the tissue, score 0 (TErT; x40). B) Mild cytoplasmic staining, score I (TErT; x40). 
C) Moderate cytoplasmic staining, score II (TErT; x40), D) Significant cytoplasmic staining, score III (TErT; x40).

C

A
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Table I: Clinicopathological features of patients 
n (%)

Gender Female 18 (37.5)
Male 30 (62.5)

Hormonal type Somatotroph adenoma 13 (27.1)
Lactotroph adenoma 8 (16.7)
Gonadotroph adenoma 3 (6.3)
Corticotroph adenoma 5 (10.4)
Thyrotroph adenoma 1 (2.1)
Mixed somatotroph and 
lactotroph adenoma 9 (18.7)

null cell adenoma 9 (18.7)

Tumor size ≤ 10 mm 8 (16.7)
> 10 mm 40 (83.3)

Recurrence Absent 44 (91.7)
Present 4 (8.3)
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Comparisons of Total (Combined Nuclear and 
Cytoplasmic) TERT Expression with Clinicopathological 
Features 

The results of the comparisons of clinicopathological 
features with total (combined nuclear and cytoplasmic) 
TErT expression are presented in Table III. TErT 
expression did not reveal any statistically significant 
relationship with any of the clinicopathological features. 
TErT positivity was present in 30.8% (4/13) of somatotroph 
adenomas, in 25.0% (2/8) of lactotroph adenomas, in 
33.3% (1/3) of gonadotroph adenomas, in 40% (2/5) of 
corticotroph adenomas, in none (0/1) of the thyrotroph 
adenomas, in 33.3% (3/9) of mixed somatotroph and 
lactotroph adenomas, and finally, in 44.4% (4/9) of null 
cell adenomas. TErT staining was defined in 50.0% (4/8) 
of microadenomas, while it was defined as 30.0% (12/40) 

When the patients were grouped according to tumour size, 
8 (16.7%) had microadenomas, while the tumour size was 
larger than 10 mm in 40 (83.3%) of the cases. Among all 
of the cases, 4 (8.3%) of the tumours recurred after initial 
surgery, whereas 44 (91.7%) did not. The mean follow-up 
period for the patients was 57.5±31.07 months. All of the 
patients were alive.

Comparisons of TERT Expression in Neoplastic and 
Nonneoplastic Pituitary Tissues

TErT expression did not significantly differ between 
neoplastic and nonneoplastic pituitary tissues. According 
to these results, TErT expression was present in 4 (20%) of 
20 nonneoplastic autopsy tissues, whereas it was expressed 
in 16 (33.3%) of 48 neoplastic tissues. Despite the absence 
of statistical significance, mean ranks of cytoplasmic and 
nuclear TErT expression was higher in neoplastic tissues 
than in nonneoplastic autopsy tissues (p>0.05) (Table II).

Figure 3: A) Dot-like nuclear staining of TErT; score 1 (TErT; x200). B) Complet nuclear staining of TErT; score 2 (TErT; x400). 
C) Dot-like nuclear staining (nuclear score 1) with mild cytoplasmic expression (cytoplasmic score I) (TErT; x200). D) Moderate 
cytoplasmic expression (cytoplasmic score II) (TErT; x400). 
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higher cytoplasmic TErT expression was observed in some 
adenomas with recurrence but not in adenomas without 
recurrence. Cytoplasmic TErT expression was observed in 
3 of 4 patients who had recurred. nuclear TErT expression 
was not observed in any of the patients with recurrence. Two 
of these 3 patients were male and 1 was female. Tumours 
were sized >10 mm in 2 of the patients and sized ≤10 mm 
in 1 patient. Among these 3 patients, hormonal type was 
corticotroph adenoma in 1 of the patients, gonadotroph 
adenoma in 1, and null cell adenoma in 1. The follow-up 
period ranged between 37 months and 256 months. 

There was no significant relationship between cytoplasmic 
TErT expression and clinicopathological features other 
than recurrence. Although there was no significant 
relationship, mean ranks of cytoplasmic TErT expression 
were higher in males than in females, in corticotroph 
and lactotroph adenomas than in other types, and in 
microadenomas than in macroadenomas (p>0.05).

DISCUSSION 

Pituitary adenomas have benign histomorphological 
features, but some of these tumours may present in an 

of macroadenomas. Total TErT expression was observed 
in 75.0% (3/4) of the patients with recurrence, whereas 
staining was present in 29.5% (13/44) of the patients 
without recurrence. 

Comparisons of Nuclear TERT Expression with 
Clinicopathological Features

The results of the comparisons of clinicopathological 
features with nuclear TErT expression are presented 
in Table IV. nuclear TErT expression did not reveal 
any statistically significant relationship with any of the 
clinicopathological features. However, mean ranks of 
nuclear TErT expression were higher in males than in 
females, in mixed somatotroph and lactotroph adenomas, 
in lactotroph adenomas, and in adenomas sized >10 mm 
(p>0.05).

Comparisons of Cytoplasmic TERT Expression with 
Clinicopathological Features

The results of the comparisons of clinicopathological 
features with cytoplasmic TErT expression are presented 
in Table IV. Cytoplasmic TErT expression had a 
significant relationship with recurrence (p=0.035); namely, 

Table II: Comparisons of TErT expression in neoplastic and nonneoplastic pituitary tissues

TERT expression
Combined nuclear and cytoplasmic

p Nuclear
Mean rank p Cytoplasmic

Mean rank p
Absent n (%) Present n (%)

Tissue type Nonneoplastic 16/20 (80.0) 4/20 (20.0)
0.272

30.68
0.107

29.25
0.119

Neoplastic 32/48 (66.7) 16/48 (33.3) 36.09 36.69

Table III: Comparisons of total (combined nuclear and cytoplasmic) TErT expression with clinicopathological features

TERT expression Total p
Absent n (%) Present n (%) n

Gender
Female 12 (66.7) 6 (33.3) 18

1.000
Male 20 (66.7) 10 (33.3) 30

Hormonal type Somatotroph adenoma 9 (69.2) 4 (30.8) 13

0.967

Lactotroph adenoma 6 (75.0) 2 (25.0) 8
Gonadotroph adenoma 2 (66.7) 1 (33.3) 3
Corticotroph adenoma 3 (60.0) 2 (40.0) 5
Thyrotroph adenoma 1 (100.0) 0 (0.0) 1
Mixed somatotroph and lactotroph adenoma 6 (66.7) 3 (33.3) 9
Null cell adenoma 5 (55.6) 4 (44.4) 9

Tumor size
≤ 10 mm 4 (50.0) 4 (50.0) 8

0.242
> 10 mm 28 (70.0) 12 (30.0) 40

Recurrence Absent 31 (70.5) 13 (29.5) 44
0.101

Present 1 (25.0) 3 (75.0) 4
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pituitary tissues. It has been suggested that this may be 
elucidated by the low mitotic activity of pituitary adenomas 
(14). In agreement with previous studies, the present study 
showed no significant difference in total TErT expression 
in neoplastic and nonneoplastic pituitary tissues. Although 
TErT expression was evaluated by immunohistochemistry 
targeting only TErT and not TErC in the present 
study and the comparisons showed a lack of statistical 
significance (p>0.05), TErT expression rates were higher 
in neoplastic tissues than in nonneoplastic tissues. The 
most accurate state of telomerase activity and telomere 
length in pituitary tumours/nonneoplastic pituitary tissues 
should be investigated in larger study groups by combined 
synchronous detection methods.

The effects of telomerase activity and telomere lengths on 
clinicopathological features in pituitary adenomas have 
been evaluated in several studies (3,14,16,21,23-25). Some 
of these papers have concluded that telomerase activity 
and telomere length do not have any impact on the clinical 
course of pituitary adenomas based on investigations of 
telomerase activity and telomere length by various types 
of polymerase chain reactions (14,16,21,25). On the other 
hand, some of the previous studies have suggested that 
TErT expression is associated with an aggressive clinical 
course, particularly recurrences and invasiveness (3,23,24). 
Harada et al. (24) have reported telomerase activity by 
using Southern blotting and reverse transcriptase-chain 
reaction in a pituitary carcinoma evolving in a background 
of an initially telomerase-negative PrL-producing benign 

aggressive manner by local invasion through surrounding 
tissues, recurrences, and resistance to medical therapies 
(4,8). Many studies have aimed to discover a significant 
predictor of an aggressive clinical course in pituitary 
adenomas (1,4,9-12). Telomerase reverse transcriptase 
(TErT), a catalytic subunit of telomerase that includes 
an rnA component (TErC), therewithal maintains the 
telomere homeostasis and chromosomal integrity (15). 
reactivation of TErT has been detected in approximately 
90% of human cancers (3,17-20). This study attempted 
to investigate whether immunohistochemical expression 
of TErT differs in neoplastic and nonneoplastic pituitary 
tissues and aimed to investigate whether TErT expression 
is related to clinicopathological features of pituitary 
adenomas. In this context, the results of the present study can 
be summarised as follows: i) Total immunohistochemical 
expression of TErT does not differ in neoplastic and 
nonneoplastic pituitary tissues with significance, ii) Total 
immunohistochemical expression of TErT does not have 
any relationship to clinicopathological parameters, and 
iii) Cytoplasmic immune staining with TErT antibody is 
significantly more common in pituitary adenomas with 
recurrence (p=0.035).

Telomerase activity in neoplastic and in nonneoplastic 
pituitary tissues has been the subject of a few previous 
studies using various methods of polymerase chain reaction 
(PCr) (14,21). The mentioned previous studies have 
reported that there is no difference in telomerase activity 
and telomere length between neoplastic and nonneoplastic 

Table IV: Comparisons of nuclear TErT expression and cytoplasmic TErT expression with clinicopathological features
TERT expression

Nuclear
Mean rank p Cytoplasmic

Mean rank p

Gender
Female 23.42

0.556
23.72

0.741
Male 25.5 24.97

Hormonal type Somatotroph adenoma 20.81

0.192

18.73

0.692

Lactotroph adenoma 25.56 24.56
Gonadotroph adenoma not calculated not calculated
Corticotroph adenoma 17.50 26.40
Thyrotroph adenoma not calculated not calculated
Mixed somatotroph and lactotroph 27.61 23.44
Null cell adenoma 19.89 23.00

Tumor size
≤ 10 mm 22.44

0.654
31.50

0.126
> 10 mm 24.91 23.10

Recurrence Absent 24.95
0.482

23.34
0.035

Present 19.50 37.25
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revealing interactions of TErT with PTTG1 and ETS1 may 
require further studies. Such studies should investigate 
these interactions in pituitary adenomas and may 
contribute detailed data in the issue of TErT expression as 
a prognostic predictor in pituitary adenomas. 

In conclusion, the present study posits that immunohisto-
chemical expression of TErT does not significantly differ in 
neoplastic and nonneoplastic pituitary tissues. In addition, 
pituitary adenomas with cytoplasmic immunohistochemical 
expression of TErT have significantly higher rates of 
recurrence. Further studies, including combined methods 
of immunohistochemistry and molecular analyses in 
larger groups, may reveal applicable results for the clinical 
significance of telomerase activity and telomere length in 
pituitary adenomas.
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InTRoDuCTIon

Chordoma is a rare malignant bone tumor originating 
from notochordal remnants (1,2). The complete resection 
of this tumor is usually not available because of its 
invasiveness to adjacent structures. although radiotherapy 
and gamma knife surgery have been tried for treatment, 
local control cannot be provided in most of the cases due to 
the extensive recurrence ability of the tumor (3). There are 
few studies investigating the effect of treatment modalities 
on the survival and prognosis of chordoma patients (3,4). 
Histopathological properties of this tumor such as mitosis 
and necrosis have been analysed in a number of studies in 
order to understand their relations with the prognosis and 
survival. However limited information is available from 
these studies and also the sample sizes are small because of 
the rare incidence of chordoma. There are also discordances 

between the results of different studies. Despite several 
proposed prognostic parameters, no evidence-based 
parameter has been defined to predict survival (5-7)

receptor tyrosine kinases (rtks), besides being the key 
regulators of cell processes including cell growth and 
angiogenesis, have critical roles in the development and 
progression of tumors. 

The epidermal growth factor receptor (eGFr), erbB2 
(Her-2 neu) and c-met are the members of erbB family 
of rtks. These trans-membrane proteins are activated 
by binding with peptide growth factors of the eGF-
family of proteins. eGFr and its three related proteins 
(the erbB family) play essential roles in both normal 
physiological conditions and malignancies. Upon binding 
its ligands, dynamic conformational changes occur in both 
extracellular and intracellular domains of the receptor 

ABsTRACT

Objective: Chordoma is a rare malignant bone tumor with a poor outcome. although radiotherapy and gamma knife surgery have been used for 
treatment, providing a cure for the tumor is not easy, because of the frequent recurrences. Molecular targeted therapy against tyrosine kinases 
has been effective in the treatment of malignancies such as breast and lung cancers and brain tumors. We aimed to analyse the histopathological 
features of chordomas and the immunoexpression profiles of the three receptor tyrosine kinases of eGFr, c-Met and c-erb-B2 in chordomas. 
We have correlated these results with recurrence and overall survival status of the patients.

Material and Method: We studied 49 chordoma patients in order to evaluate the histopathological features and immunohistochemical stainings 
by eGFr, c-Met and c-erbB2 antibodies. Of the 49 patients, follow up data was available for 40 patients. Clinical data of the patients were 
correlated with histopathological features and survival analysis was performed.

Results: the immunostaining rate by eGFr and c-Met was 73.5% and 12.2% respectively. none of the cases showed immunoreactivity by 
c-erbB2 (0%). Of the 40 cases, 17 cases showed recurrences. eGFr expression was detected in 14 recurrent (14/17) and 17 non-recurrent cases 
(17/23). Four of the 17 recurrent cases (4/17) were positive by c-Met, while none of the non-recurrent cases (0/23) were positive by this antibody. 
significantly, all cases with positive c-Met expression showed recurrences (p<0.05). 

Conclusion: Our study indicates that eGFr expression is detected in the majority of chordoma cases. c-Met expression can be used as a prognostic 
indicator for chordoma.
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tyrosine kinases, resulting in the transphosphorylation of 
tyrosine residues in the C-terminal regulatory domain. 
These provide docking sites for downstream molecules 
and lead to the evasion of apoptosis, and to proliferation, 
invasion and metastases. Mutation in the tyrosine kinase 
domain of the eGFr gene was found in a subset of lung 
cancers (8).

erbB2 activation also occurs in a ligand-independent 
manner, particularly when the receptor is found to 
be mutated or overexpressed (9). amplification and 
overexpression of the proto-oncogene erbB2 are found in 
approximately 15 to 20% of all invasive breast cancers (10).

The c-Met proto-oncogene is located on chromosome 7q21-
31 (11). The ligand for c-Met is hepatocyte growth factor 
(HGF), also known as scatter factor (sF) (12). HGF acts as 
a cytokine, promoting cell proliferation, survival, motility, 
scattering, differentiation and morphogenesis (13). recent 
studies have revealed that the molecular treatments against 
eGFr, erbB2 and c-met succeed in cases of lung and breast 
carcinomas and glioblastomas, respectively (14,15). Based 
on the molecular biology of chordomas, targeted therapy 
alternatives have been developed (16-18). However, only a 
few case reports are found in the literature regarding this 
issue. 

Chordomas show dual expression of epithelial and 
mesenchymal proteins (2). eGFr, c-Met and c-erbB2 
overexpressions have been demonstrated in a majority of 
malignant tumors (14,15, 19-21). receptor tyrosine kinases 
are the novel candidate molecular markers to shed light on 
the pathogenesis of chordoma. 

The aim of this study was the evaluation of histopathological 
properties such as tumor, type, mitosis, necrosis 
pleomorphism, hyperchromatic nuclei, apoptosis and 
presence of mucin, and the immunoexpression patterns of 
eGFr, c-Met and c-erb-B2, in order to understand their 
role in the pathogenesis, prognosis, recurrence and survival 
rates of chordoma.

MATeRIAL and MeTHoDs

Forty-nine skull base and non-skull base chordomas were 
included in our study in order to analyze the expressions 
of eGFr (c-erbB1), erbB2 and c-Met by the streptavidin-
biotin horseradish peroxidase method (table I). The 
expression levels of these antibodies and their correlations 
with the histopathological properties of chordoma such 
as pleomorphism, mitosis, necrosis, hyperchromasia, 
extracellular mucin deposition and apoptosis (table II) 
were evaluated together with the clinical follow-up data 
including the patient’s age, sex, recurrences and overall 
survival status. 

Clinical information and follow-up data were obtained 
from the neurosurgery Department and telephone 
interviews of the patients or family members were 
conducted. recurrence was defined as the relapse of disease 
that occurred more than 6 months after the initial surgery. 
Overall survival data was dependent on the current status 
of the patients as being dead or alive. since autopsies were 
not performed in cases of death, disease-dependent death 
interpretation was not available. 

all Hematoxylin & eosin (H&e)-stained slides were 
reviewed by two pathologists for the confirmation of the 

Table I: Characteristics of patients with chordoma

Conventional Chondroid Dedifferentiated Total
number of Patients 40 8 1 49
sex

Male 26 5 0 31
Female 14 3 1 18

Age (years)
Median 41 40 53 41

Recurrence status *
recurrence positive 15 2 0 17
recurrence negative 16 6 1 23
Unknown 9 0 0 9

Location
Cranial 32 7 1 40
spinal 8 1 0 9

* Follow-up was available in 40 cases out of 49.
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evaluation of Immunostaining

Interpretation of c-erbB2 staining was performed using 
the asCO/CaP 2013 Her-2 test Guideline in which 
membranous immunostaining of tumor that amounts 
to 10% of contiguous and homogeneous tumor cells was 
stated as positive. The eGFr staining was scored based 
on membranous staining intensity as 0= no staining; 1+ = 
faint membranous staining in >10% of tumor cells; 2+ = 
moderate membranous staining; 3+ = strong membranous 
staining. The c-Met staining was scored based on both 
membranous and cytoplasmic staining intensity as 0= no 
staining; 1+ = faint staining in >10% of tumor cells; 2+ = 
moderate staining; 3+ = strong staining. The scores were 
than categorized into two as (0,1,2+) and (3+). Background 
staining and staining in non-tumoral cells were considered 
as nonspecific staining and cases with this kind of staining 
pattern were interpreted as negative. The initial biopsy 
materials of the recurrent cases (cases with more than one 
biopsy specimen) were chosen for immunohistochemical 
evaluation.

statistical Analysis

statistical analysis was performed using the nCss (number 
Cruncher statistical system) 2007 (nCss, llC kaysville, 
Utah, Usa, Hintze, J. (2008) programme. 

Quantity statistics (Mean, standard deviation, frequency) 
and qualitative data were analysed. normally distributed 
parameters between groups were analyzed with student’s t 
test; and the parameters that were not normally distributed 
between the groups were analyzed using the Mann-Whitney 
U test. Quantitative data were assessed with the chi-square 
test and Fisher’s exact chi-square test. survival analysis was 
evaluated with kaplan-Meier survival analysis excluding 
those lost to follow up or who died due to postoperative 
surgical complications. log rank (mantel-Cox) analysis 
was used to compare the prognostic significance of the 
antibodies’ expressions on survival. results were evaluated 
using a 95% confidence interval and significance was 
considered when the p value was lower than 0.05.

ResuLTs

Patients and Follow up

We included 49 patients with 31 males and 18 females 
in our study. The age of the cases differed between 5 and 
83 years and the mean age at the time of diagnosis was 
40.90±18.05 years. Data from clinical follow-up of up to 
168 months was available for 40 patients. The mean follow-
up was 61.21±39.75 months (range 1-168 months). among 
the 40 patients 17 (42.5%) had one or more recurrences. 

diagnoses. at the time of initial diagnoses of the cases, 
immunomarkers such as epithelial membrane antigene 
(eMa), cytokeratin, vimentin, s100 and glial fibrillary 
acidic protein (GFaP) had been applied as well as the 
histological criteria of chordoma for the exclusion of other 
malignancies such as adenocarcinomas. Pas-alcian Blue 
stain had been used for extracellular mucin identification. 
none of the cases had a concomitant malignancy.

Hyperchromasia was noted when more than 50% of the 
nuclei were intensely hyperchromatic. 

Pleomorphism was noted when major cellular differences 
were detected in more than 50% of the tumor cells. 

at least ten representative fields were analysed at high 
magnification (x400 objective) for determining mitosis. 

all fields were examined to detect necrosis and any ratio of 
detectable necrosis was noted when seen. 

This study was approved by the ethics Committee of 
the relevant institute with the identifying code Mar-
yC-2008-0213. an informed consent form regarding 
permission for clinical research was obtained from each 
patient. 

Immunohistochemistry

Four-micrometer-thick sections were placed on 
3-aminopropyletxylene-covered slides and deparaffinized 
at 60 ºC for 1 h. The slides were dewaxed in xylene and 
dehydrated in 96% alcohol. sections were then immersed 
in 10 mmol⁄ l citrate buffer (pH 6.0) and microwaved for 
20 min for antigen retrieval. slides were cooled to room 
temperature and rinsed in phosphate-buffered saline 
(PBs). endogenous peroxidase activity was blocked by 
further pretreatment with 3% H2O2 ⁄ distilled water for 
20 min at room temperature. after a thorough washing 
in PBs, blocking solution (lab Vision Co., Fremont, Ca, 
Usa) was applied to block nonspecific antibody binding. 

The sections were then incubated with eGFr (sPrInG, Ca 
94566, Usa M3091: ready to use), c-Met (neomarkers, 
Fremont, Ca 94539 Usa rB-10286, 1:20 dilution) and 
c-erbB2 (neomarkers, Fremont, Ca 94539 Usa, 1:50 
dilution) for 1 h at room temperature. 

after a 10-min rinse in PBs, biotinylated goat anti-
polyvalent immunoglobulin (lab Vision Co., Fremont, 
Ca, 94539) for 20 min, and in the streptavidin–biotin 
peroxidase complex for 20 min being applied at rt, 3,3¹ 
diaminobenzidine chromogen was used for visualization 
of antigen-antibody binding. The sections were 
counterstained with hematoxylin, dehydrated, cleared in 
xylene and mounted on entellan coverslips.
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two cases showing mitotic activity were dedifferentiated 
and conventional chordomas respectively. Mitotic activity 
had been 4/10 HPF (High power field) in the dedifferentiated 
variant and 2/10 HPF in the conventional variant. 

Three of 6 cases with necrosis were conventional chordomas 
while two were chondroid and the remaining one was 
dedifferentiated chordoma. The highest extension ratio of 
necrosis (necrotic area/total tumor area) was 50% while the 
lowest ratio was 10%. 

two of the 4 cases showing pleomorphism had chondroid 
morphology while the others had been dedifferentiated and 
conventional chordomas. The case with dedifferentiated 
histology revealed marked pleomorphism and atypical 
features such as sarcomatoid areas, high nuclear/
cytoplasmic ratios and irregular nuclear membranes. Mild 
pleomorphism was present in the other three cases.

One patient had 5 recurrences, 1 patient had 3 recurrences, 
2 patients had 2 recurrences while the other 13 patients had 
one recurrence. The mortality rate was 50% as 20 patients 
died. among all cases, localization was cranial in 40 and 
spinal in 9 patients.

Histopathological evaluation

according to the WHO classification; 40 tumors were of the 
conventional type (Figure 1), 8 were chondroid (Figure 2) 
and 1 was dedifferentiated (Figure 3). The dedifferentiated 
histology was present in the initial biopsy of the patient. The 
case with dedifferetiated histology had been nonrecurrent 
after being followed for 84 months. 

On histopathological examination, mitosis was found in 
2 cases, necrosis in 6 cases (Figure 4), pleomorphism in 4 
cases, and hyperchromatic nuclei in 15 cases. 

Figure 1: Conventional chordoma with nodular growth pattern 
and physalipherous cells (inset) (H&e; x100, H&e; x400).

Figure 3: Dedifferentiated chordoma (H&e; x400).

Figure 2: Chondroid chordoma (H&e; x200).

Figure 4: necrosis (H&e; x200).
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apoptosis was not observed in any of the cases and all cases 
showed mucin deposition (table II). 

The only significant statistical correlation among 
histopathological parameters was between necrosis and 
survival rates (table III, Figure 5). survival rates were 
lower in cases with necrosis (p<0.01). no correlation 
was detected between histological features and prognosis 
(recurrence and overall survival).

expression of eGFR, c-Met and c-erbB2

Immunohisto-chemical evaluation revealed that 77.5% 
of the cases (38/49) were intensely positive (3+) by eGFr 
(Figure 6) and 12.2% (6/49) by c-Met (Figure 7). two cases 
were negative by eGFr and 34 were negative by c-Met. 
none of the cases stained by c-erbB2. The only significant 
correlation was found between c-Met expression and 
recurrence. recurrence rates were higher in c-Met 
intensely positive cases (p<0.05) (table IV). no significant 
correlation was found between immunoexpression 
profiles and clinicopathological parameters including 
age, sex, localization of tumor, histological type and the 
histopathological properties of the tumor.

DIsCussIon

although studies based on the correlation of prognosis and 
histopathological parameters such as mitosis, apoptosis 
and extracellular mucin in chordoma are present in the 
literature, no definite evidence-based histopathological 
adverse prognostic factor predicting recurrence has been 
found (22,23). Chordomas are believed to originate from 
mesenchymal tissue; however they have recently been 
considered to have dual epithelial and mesenchymal 
differentiation (2). receptor tyrosine kinases such as eGFr, 
c-Met ve c-erbB2 are implicated in the pathogenesis of 
various epithelial tumors. The molecular-targeted therapies 
have been recently administered to patients whose tumors 
have tyrosine kinase activity (15,19,21). In our study, 
a cranial localization (81.6% of all cases) was the most 
frequent site. This finding contradicts the previous studies 

Table II: Histopathological parameters of the cases

Histopathological parameters 
Total n: 49

Present Absent
n % n %

Mitosis 2 4 47 96
necrosis 6 12 43 88
Pleomorphism 4 8 45 92
Hyperchromatic nuclei 15 31 34 69
Mucin 49 100 0 0
apoptosis 0 0 49 100

Figure 5: the kaplan-Meier survival curves of two groups of 
cases according to presence of necrosis.

Figure 6: 3+ eGFr immunoexpression in a case (eGFr; x200).

Figure 7: 3+ c-Met immunoexpression in a case (c-Met; x200).
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eight cases (16.3%) in our study were diagnosed as 
chondroid chordoma. This finding is compatible with the 
most comprehensive study of chordoma in which 22 of 155 
(14%) cases were diagnosed as chondroid chordoma (6). 

In a study based on chondroid chordoma, survival rates 
were found to be better in chondroid chordoma compared 
with classical chordoma (6). In another study, no specific 
correlation was found between the histological type of 
chordoma and prognosis (28). In our study, we have not 
found a statistically significant correlation between the 
histological type and prognosis of chordoma.

necrosis and survival rates have been found to be correlated 
with each other. survival rates are worse in the cases in 
which necrosis is reported. This result is consistent with 
the two other studies in the chordoma literature (28,31). 
However, there are other studies claiming that necrosis has 
no role in chordoma prognosis (22,32). 

no statistical correlation was found between the other 
parameters (mitosis, pleomorphism, presence of mucin) 
and prognosis. 

In the study of Bjornsson et al. chondroid differentiation    
and cellular atypia were investigated and these parameters 
were not correlated with the biological behaviour of 
chordoma (32). Histopathological features such as 
hypercellularity, pleomorphism, apoptosis, necrosis and 
proliferative index by ki-67 antibody were assessed in 

in which the sacrococcyx is presented as the most frequent 
site (24,25). The reason of this contradiction may be the 
sample size of our study.

Chordoma predominantly affects men aged 40-50 years (5, 
24-26). In our study, the mean age of the patients was 40.9± 
18.05 years and 63.3% of the patients were male. In a study 
of 51 cases, survival rates were better in patients younger 
than 40 years regardless of the tumor’s histopathological 
features, and age was defined as an independent factor 
(27). O’Connel et al. proposed female gender as a poor 
prognostic indicator in their study of 62 patients (28).

The most effective treatment for chordoma is still surgery. 
Complete resection or gross total resection chance depends 
on the localization of the tumor. residual chordoma deeply 
infiltrating the surrounding tissues mainly account for the 
local recurrences. For complete tumor removal, a radical 
wide posterior surgical margin should be employed while 
dealing with sacrococcygeal cases (26). McGirt et al. assessed 
67 sacral and 47 mobile spine chordoma patients who had 
been surgically treated and revealed that sacral localization 
was associated with poor survival in chordoma (29). In 
another study based on 29 cases, vertebral localization 
appeared to be a significant risk factor for recurrence (30). 
In a study by Fasig et al., no correlation was found between 
tumor localization and recurrence in 20 chordoma cases 
(16). We have not found a specific correlation between 
localization and recurrence in our study. 

Table III: necrosis and survival analysis

necrosis Total exitus Alive survival Rate (%)
Cummulative survival

Mean survival time (months)
Mean (%) standard error (%)

Present 5 4 1 20 20,0 17.9 45.0±17.38
absent 35 16 19 54.3 43.5 10 101.21±11.76

kaplan-Meier analysis *p<0.05

Table IV: Correlation of eGFr, c-Met and c-erbB2 profiles with recurrence

Total (n:49) Follow-up Available (n:40) Recurrent (n:17) nonrecurrent (n:23) p-Value*
eGFR 

0-1-2 11 9 3 6 
0.294

3 38 31 14 17 
c-Met 

0-1-2 43 36 13 23
0.026*

3 6 4 4 0
c-erbB2 

total 49 40 17 23 >1
0-1-2-3 0 0 0 0

*Mann-Whitney U test 
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eGFr and c-Met were found to be expressed in 75.0%, 
83% and 77% of primary lesions. In the subsequent study 
of akhavan-sigari et al. positive immunostaining with 
eGFr and c-Met was detected in 92% and 100% of 145 
tumor specimens (34). Fasig et al. studied receptor tyrosine 
kinases in 21 chordoma cases and found PDGFr-b, eGFr, 
kIt and c-erbB2 expressions in 100%, 67%, 33% and 0% 
of cases, respectively (16). naka et al. investigated HGF/c-
Met expression in 46 primary and 25 recurrent lesions and 
found c-Met expression in 70.0% of primary and 88.0% of 
recurrent lesions (35). eGFr expression has been reported 
in 67-100% and c-Met expression varies between 70% and 
100% in these corresponding studies. In our study, eGFr 
and c-Met expression rates were 77.6% and 12.2%. The 
c-Met expression rate is lower than the rates given in the 
studies mentioned in the literature. This discrepancy with 
the literature could be associated with the clone of the 
antibody used in our study which differed from the clone 
and brand of c-Met antibody that had been used in the 
regarding studies. This discordance could also be explained 
by the sample size. Further molecular research as well as 
immunohistochemical studies with a larger number of 
cases are indicated in order to analyse the expression rate 
of c-Met in chordoma. Peghini et al. demonstrated positive 
correlation with eGFr and c-Met staining in gastrinomas 
and the staining was also related with the aggressive 
behaviour of the tumors (36).

Pharmacological inhibition of eGFr kinase has no impact 
on the blockage of c-Met activity, however this inhibition 
abolishes the proliferative effect after HGF binds to its 
receptors (37). Common downstream pathways between 
eGFr, HGF and c-Met may explain this mechanism. a 
study of 21 chordoma cases analysing the genes in the 
downstream pathways of eGFr including p44/42 MaPk, 
akt, stat3 has revealed that 67% of the cases were 
reactant by eGFr while the phosphorylated forms of 
p44/42 MaPk, akt, stat3 were expressed in 86%, 76%, 
and %67 respectively. The high expression profiles of these 
genes strongly indicate a role for thyrosine kinase activity 
in the pathogenesis of chordoma (16). Microarray studies 
analysing multiple genes are required to examine the exact 
mechanism of eGFr, cMet and c-erbB2 in chordoma.  

The c-Met protooncogene is located in chromosome 
7q31.21. scheil et al. showed 7q gain in 69% of chordomas 
(38). c-Met expression via 7q amplification may be a 
boarding step of chordoma progression. c-Met and HGF 
are reported to be implicated in chordoma etiology and 
metastatic progression (39).

another study. tumor growth was found to be increased in 
cases showing high mitotic ratios and a proliferative index 
more than 6% (22). Mitosis was reported only in two cases 
in our study. no statistically signficant correlation was 
shown between cases with mitotic activity and prognosis. 
The controversial results of the studies in the literature can 
be explained by the low number of the cases due to the 
rarity of chordoma. 

a limitation of our study is the correlation of survival 
and prognosis with the proliferative index shown by 
ki-67 antibody. We have used the residual tissues in the 
paraffin blocks of the patients after the routine reporting 
process. During the reporting process, almost all of the 
cases were evaluated not only by H&e stain but also 
immunohistochemical stains such as eMa, s100, GFaP, 
vimentin and Ck. The majority of cases included in our 
study have been intracranial chordoma cases with limited 
tissue samples with volumes lower than 1 cm³. after the 
preparation of the routine H&e stain, histochemical 
Pas-alcian Blue stain, sections were taken for the 
immunohistochemical analysis of three receptor tyrosine 
kinases. Immunohistochemical ki-67 application was 
available in 10 cases and the proliferative activities were less 
than 1% in 6 cases, 2% in two cases, 3% in one case and 5% 
in one case.  

Immunohistochemical staining revealed that 77.6% of the 
cases were intensely positive (3+) by eGFr and 12.2% by 
c-Met. none of the cases stained by c-erbB2. a statistically 
significant correlation was found between c-Met expression 
and recurrence. recurrence rates were higher in patients 
with high levels of c-Met expression. a positive correlation 
was determined between extension of staining by eGFr 
and c-Met. eGFr positive cases showed significant c-Met 
immunoexpression (p<0,01). 

Weinberger et al. examined the expression of c-Met, 
c-erb-b2 (Her2/neu), and epidermal growth factor 
(eGFr) in a cohort of 12 chordomas and found that all 
chordomas had positive expressions of both the hepatocyte 
growth factor/scatter factor receptor and eGFr. c-erbB2 
expression was also detected in 7 out of 12 cases. another 
outcome of this study was the positive correlation between 
eGFr and c-Met expressions. Chordoma tumors that had 
high c-Met expression were also likely to have high eGFr 
expression (17). 

In a study by akhavan-sigari at al. using immunohisto-
chemical techniques, the authors investigated Platelet-
derived growth factor receptor-α (PDGFr α), eGFr and 
c-Met expression in 52 primary lesions (33). PDGFr-α, 
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In conclusion, although a high percentage of the cases 
showed eGFr overexpression, no statistical correlation 
was found between eGFr immunoreactivity and survival. 
Further studies are required in order to determine the 
population of patients with chordoma who are likely to 
benefit from eGFr inhibitors. recurrences were more 
common in cases with c-Met overxpression than ones with 
lower c-Met expression levels. c-Met inhibitors may play 
a role in controlling the disease in the patients with c-Met 
overexpression.
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INTRODUCTION

Sex cord stromal tumors (SCST) constitute 8% of all 
the ovarian neoplasms comprising those that contain 
granulosa cells, theca cells, and their luteinized derivatives, 
Sertoli cells, leydig cells and fibroblast of gonadal stromal 
origin singly or in various combinations with varying 
degrees of differentiation (1). These tumors as known for 
their hormonal activity are slow growing tumors and have 
a tendency of late recurrence. Since the patients are often 
young and most tumors are unilateral, accurate diagnosis is 
necessary for proper treatment and maintenance of fertility 
where desirable.

although the mainstay for diagnosing these SCST 
remains gross and microscopic features, the presence 
of diverse morphological variations makes the use of 
immunohistochemistry essential in their diagnosis. 
The widely varied appearance of SCST and the fact that 
some of them are uncommon can lead to difficulties 
in their diagnosis.  Some of them may show atypical or 

unconventional microscopic patterns and, therefore, 
morphology alone may not be reliable for an unequivocal 
classification. In these cases, immunohistochemistry can be 
of value. alpha-inhibin (2-6) and calretinin (7,8) have been 
traditionally used as immunomarkers of SCST. however 
due to the variation in their immunoreactivity and a lack 
of specificity for SCST, the search for a more sensitive and 
specific immunohistochemical marker becomes essential 
in routine diagnosis of SCST.

In the recent past, FOXl2 mutations have been consistently 
found in adult granulosa cell tumors (9,10). Currently 
there are increasing numbers of studies eliciting the role 
of FOXl2 in the diagnosis of adult granulosa cell tumors 
but there is paucity of literature on its diagnostic utility in 
comparison to inhibin and calretinin in the diagnosis of the 
entire spectrum of SCST of the ovary. The aim of this study 
was to evaluate the role of FOXl2 and its correlation with 
inhibin and calretinin in the diagnosis of entire spectrum 
of SCST. 

ABSTRACT

Objective: alpha-inhibin and calretinin have been traditionally used as immunomarkers for sex cord stromal tumors. however, the 
variation in their immunoreactivity and their lack of specificity for sex cord stromal tumor makes the search for a more sensitive and specific 
immunohistochemical marker essential in routine diagnosis of sex cord stromal tumor. This study was conducted to correlate the diagnostic 
utility of FOXl2 with inhibin and calretinin in the diagnosis of sex cord stromal tumors of ovary.

Material and Method: The study was conducted in the department of pathology. 31 cases of sex cord tumors received in past eight years 
(2002-2010) were included in this study. Immunostaining for inhibin, calretinin and FOXl2 was performed and compared on the basis of 
staining intensity and percentage positivity on all the cases.

Results: Calretinin was found to be positive in 29/31 sex cord stromal tumors with variable intensities and was negative in two cases of sex cord 
stromal tumors, inhibin was positive in 28/31 and only three cases had no cytoplasmic staining. all the 31 cases included in this study were 
positive for FOXl2 with variable staining intensities and percentage positivity. Ten cases of each surface epithelial and germ cell tumors were 
also negatively stained with FOXl2. 

Conclusion: In contrast to inhibin and calretinin, FOXl2 had a sensitivity and specificity of 100% for all the cases of sex cord stromal tumors 
included in this study.

Key Words: FOXl2, Inhibin, Calretinin, Ovarian neoplasms, Sex cord stromal tumor
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mATERIAL and mEThODS

Case Selection

The study was conducted in the department of pathology 
of our institute. Thirty-one cases of SCST received in 
past eight years (2002-2010) were included in this study. 
These consisted of 17 adult granulosa cell tumors, 1 
juvenile granulosa cell tumor, 7 fibrothecoma, 1 fibroma, 
1 fibrosarcoma, 1 SCST of uncertain histogenesis, 1 poorly 
differentiated tumor possibly granulosa cell tumor and 
2 cases of Sertoli-leydig cell tumor. For all the cases, 
hematoxylin and eosin (h&e) stained slides were retrieved 
from archives and reviewed by expert pathologists.  Ten 
cases each of surface epithelial and germ cell tumors were 
also included in the study for FOXl2 staining.

Immunohistochemistry

The blocks were selected for immunohistochemical 
demonstration of inhibin, calretinin and FOXl2. Then 
3-4 micrometer thick sections were taken from each block 
on poly-l-lysine-coated slides. These were stained with 
monoclonal antibody against α subunit of inhibin, antibody 
to calretinin and polyclonal antibody to C-terminal 
hexadecapeptide of the human FOXl2 protein respectively 
using the avidin biotin method. The primary antibody for 
FOXl2 used in this study was polyclonal FOXl2-antiserum 
(1:200; Imgenex, San Diego, Ca, USa). For calretinin and 
inhibin the primary antibodies used were monoclonal 
anticalretinin (RTU, Spring Biosciences, Ca, USa) and 
monoclonal anti-inhibin (1:50; Spring biosciences, Ca, 
USa) respectively. Serial dilutions of antibody were tested 
to avoid background staining and to find optimal staining 
before the entire series was processed. Sections from normal 
ovary with graffian follicles were used as positive control. 
For negative controls, primary antibody was replaced by 
TRIS buffer. 

Immunostaining Analysis

The slides were examined at 40x magnification. Positive 
reaction was characterized by cytoplasmic (inhibin), 
nuclear and cytoplasmic (calretinin), nuclear (FOXl2) 
staining showing variable intensities with the distribution 
of staining approximated for variable intensity levels. The 
presence of any nuclear staining of FOXl2, regardless of 
intensity or focality, was considered to be positive. 

Statistical Analysis

Sensitivity, specificity, negative predictive value, and 
positive predictive value for inhibin, calretinin and 
FOXl2 were determined taking histopathology as the gold 
standard. Ten cases each of malignant surface epithelial 

tumors and germ cell tumors were included in this study 
to determine the specificity of antibodies for SCST. The 
exact binomial method (Clopper-Pearson) was applied 
to calculate the confidence interval of diagnostic indices.  
SPSS version 17-statistic software was used for data analysis

Comparison of Immunostaining for FOXL2, Inhibin 
and Calretinin

Immunostaining for FOXl2, inhibin and calretinin were 
compared on the basis of staining intensity and percentage 
positivity in all the cases. The staining intensity was graded 
as -weak (1+), moderate (2+), strong (3+). The percentage 
of tumor cells labeled by FOXl2, inhibin and calretinin 
were semiquantitatively scored as <5% (negative), 5-25% 
(1+), 26-50 % (2+), 51-75% (3+), >75% (4+).

RESULTS

Inhibin Immunoanalysis

Inhibin was positive in the majority of the SCST i.e. 28/31 
and only 3 cases had no cytoplasmic staining (Table I). 
Of all negatively stained tumors, two were granulosa cell 
tumors which included a cystic granulosa cell tumor and the 
other was a granulosa cell tumor with postchemotherapy 
changes (bizarre cells), and the remaining case was a SCST 
of uncertain histogenesis (Figure 1a-D) (Table I). 

Taking h&e stained sections as the gold standard, the 
sensitivity of inhibin was 90.3% and the specificity was 
100% for SCST. The positive predictive value for inhibin in 
our study was 100% and the negative predictive value was 
87.0%.

Calretinin Immunoanalysis

Calretinin was found to be positive in 29/31 SCST 
with variable intensities and was negative in 2 cases of 
SCST including 1 case of fibrothecoma and the other of 
fibrosarcoma (Table I). Both the above stated cases were 
also found to be negative, when the percentage positivity 
of all the 31 cases was seen. The remaining 29/31 cases 
had variable staining intensities ranging from 1(+) to 4(+) 
(Table I).

The sensitivity of calretinin in this study was 93.5% while 
the specificity was 100%. The negative predictive value 
of calretinin for this study was 90.9% and the positive 
predictive value was 100%. h&e stained sections were 
taken as the gold standard for the analysis. (Figure 1a-D)

FOXL2 Immunoanalysis

Thirty-one cases of SCST were stained using a polyclonal 
antibody against FOXl2, which is a nuclear protein. Ten 
cases each of surface epithelial and germ cell tumors were 
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study. while 16/31 SCST had mild intensity of staining, 
6/31 had strong staining intensity and 9/31 had moderate 
intensity of staining. Tumors, which were strongly 
positive included 4/17 adult granulosa cell tumors and 
1/7 fibrothecomas. One tumor which was signed out as 
poorly differentiated tumor possibly granulosa cell tumor 

also stained with FOXl2. all negative controls as well as 
surface epithelial and germ cell tumors were negative. 
Positive control had a nuclear pattern of staining in the 
granulosa cells of normal ovary (Figure 1a-D).

FOXl2 was positive with variable staining intensities 
and percentage positivity in all the cases included in this 

Table I: Inhibin, calretinin and FOXl2 immunoanalysis for sex cord stromal tumors.

                                                     GRADE
         CASES

Staining Intensity % Positivity of Tumor Cells
Negative mild moderate Strong Negative 1+ 2+ 3+ 4+ 
adult Granulosa Cell Tumors (17)

Inhibin 2 6 8 1 2 2 8 4 1
Calretinin 6 8 3 6 7 1 3
FOXL2 6 8 3 6 7 1 3

Juvenile Granulosa Cell Tumors (1)
Inhibin 1 1
Calretinin 1 1
FOXL2 1 1

Fibrothecomas (7)
Inhibin 2 5 2 3 2
Calretinin 1 3 3 1 3 2 1
FOXL2 4 2 1 2 3 2

Fibroma (1)
Inhibin 1 1
Calretinin 1 1
FOXL2 1 1

Fibrosarcoma (1)
Inhibin 1 1
Calretinin 1 1
FOXL2 1 1

Sex Cord Stromal Tumor of Uncertain histogenesis  (1)
Inhibin 1 1
Calretinin 1 1
FOXL2 1 1

Poorly Differentiated Tumor Possibly Granulosa Cell Tumors (1)
Inhibin 1 1
Calretinin 1 1
FOXL2 1 1

Sertoli-leydig Cell Tumors (2)
Inhibin 1 1 1 1
Calretinin 2 1 1
FOXL2 1 1 1 1
PC (h&E) (31) : {In,Cl,Fx} 31 31
NC {GCT (10) & S E T (10)} : {In,Cl,Fx} 31 31

PC : Positive Control, NC : negative Control, h&E :hematoxylin and eosin, GCT: Germ Cell Tumor, SET: Surface epithelial Tumor, In: Inhibin,            
Cl: Calretinin, Fx : FOXl2.
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positivity. 3/7 fibrothecomas had 1(+) and 3/7 had 2(+) 
percentage positivity respectively (Table I).

Taking h&e sections as the gold standard, the sensitivity 
and specificity of FOXl2 was 100% and negative predictive 
values as well as positive predictive value were also 100% 
in our study. Moreover, ten cases each of surface epithelial 
tumors and germ cell tumors were negative for FOXl2.

Comparison of FOXL2, Inhibin and Calretinin

In contrast to inhibin and calretinin, FOXl2 had a 
sensitivity and specificity of 100% for all the cases of SCST 
included in the study (Table II). 

DISCUSSION

Inhibin is a dimeric 32 KDa peptide hormone composed of 
an α subunit and a β subunit. apart from being produced 
normally by granulosa cells and testicular Sertoli cells, its 
extragonadal expression in the placenta, adrenal gland, 
pituitary gland and liver has also been demonstrated in 
various studies (11-16). Most studies have shown that 
inhibin is expressed in nearly all granulosa cell tumors, 

and was positive for inhibin and calretinin also had strong 
intensity of staining with FOXl2 (Figure 2a,B). Tumors 
showing moderate intensity of staining included 4/17 adult 
granulosa cell tumor, 2/7 cases of fibrothecoma, 1/1 of 
fibrosarcoma and 1/2 Setoli-leydig cell tumor. 1/1 SCST 
of uncertain histogenesis included in this study was also 
moderately positive for FOXl2 (Table I). The remaining 
cases, including 9/17 adult granulosa cell tumors, 1 /1 case 
of juvenile granulosa cell tumor, 4/7 fibrothecomas, 1/1 
fibroma and 1/2 Sertoli-leydig cell tumors, were mildly 
positive for FOXl2 (Table I).

Comparing the percentage positivity for all the 31 cases 
of SCST, it was seen that of the three cases having 4(+) 
percentage positivity, 2 were granulosa cell tumors 
with diffuse microscopic patterns and one was a poorly 
differentiated tumor. 8/31 cases that had 3(+) positivity, 
which included 5/17 adult granulosa cell tumors followed by 
1/7 fibrothecomas, 1/1 fibrosarcoma and 1 case of Sertoli-
leydig cell tumors. The only case of juvenile granulosa cell 
tumor included in the study had 2(+) percentage positivity 
while SCST of uncertain histogenesis had 1(+) percentage 

Figure 1: Granulosa cell tumor: A) h&e staining section (h&e; x400) B) Cytoplasmic positivity for inhibin (Inhibin; x400) C) nuclear 
and cytoplasmic positivity for calretinin (Calretinin; x400). D) nuclear positivity for FOXl2 (FOXl2; x400).

A

C

B

D
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only case of SCST of uncertain histogenesis included in our 
study was negative for inhibin immunoreactivity.

Calretinin, a 29-kd calcium-binding protein, has been 
shown in human ovarian surface epithelial cells, theca 
interna cells, stromal cells, hilar cells, and certain types 
of ovarian SCST by various research groups (22-25). 

Calretinin, initially used for the diagnosis of mesothelioma, 
has been shown to be highly sensitive but a less specific 
marker than inhibin for SCST of the ovary. In studies 
conducted by Movahedi et al. and Shah et al., it was seen 
that calretinin has a sensitivity of 97% and specificity 
of 85% (except in granulosa cell tumors with extensive 
luteinization, which less frequently express calretinin) 

juvenile and adult types, most Sertoli and leydig cell tumors, 
SCST with annular tubules, gynandroblastomas, and 
steroid cell tumors (17,18-21). however, Matias-Guiu et al. 
demonstrated that it is less frequently expressed in fibromas, 
fibrothecomas and unclassified SCST and is absent in 
fibrosarcoma (17). In our study it was seen that inhibin was 
positive in the majority of the SCST i.e. 28/31 (90.3%) and 
only 3 cases had no cytoplasmic staining. as opposed to the 
previous studies, all 7/7 cases of fibrothecoma and 1/1 cases 
of fibroma (moderate intensity) were positive for inhibin. 
In fact, a single case of fibrosarcoma included in our study 
demonstrated moderate intensity of staining with inhibin. 
however, in accordance with the described literature, the 

Figure 2: A) nuclear FOXl2 staining in fibrothecoma (Immunohistochemistry; x400). B) adult Granulosa Cell Tumor (FOXl2; x400). 
C) Sertoli-leydig cell tumor  (FOXl2; x400). D) Juvenile granulosa cell tumor (FOXl2; x400).

Table II: Comparison of immunohistochemical staining sensitivity, specificity, negative predictive value and positive predictive value 
of inhibin, calretinin and FOXl2

Comparison of Inhibin, Calretinin and FOXL2
Immunostain +ve Cases Sensitivity (%) Specificity (%) nPV (%) PPV (%)
Inhibin (CI) 28/31 90.3 (74.2-98) 100 (83.2-100) 87.0 (66.4-97.2) 100 (87.7-100)
Calretinin (CI) 29/31 93.5 (78.6-99.2) 100 (83.2-100) 90.9 (70.8-98.9) 100 (88.1-100)
FOXL2 (CI) 31/31 100 (88.8-100) 100 (83.2-100) 100 (83.2-100) 100 (88.8-100)

NPV: negative Predictive Value, PPV: Positive Predictive Value, CI: Confidence Interval

A
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than α inhibin and calretinin. a subset of SCST is typically 
negative for FOXl2 on immunostaining (retiform or 
poorly differentiated SlCT), but these tumors usually 
express α inhibin and/or calretinin. In most of the FOXl2 
positive cases in this study, FOXl2 demonstrated a nuclear 
pattern of staining and stained a high proportion of tumor 
cells leading to easy interpretable staining (33). 

a single study conducted by McCluggage et al. on the 
expression of FOXl2 in fibromas and its diagnostic utility as 
an adjunct in the differential diagnosis of diffuse granulosa 
cell tumors concluded that FOXl2 mutations are absent in 
ovarian fibromas in contrast to granulosa cell tumors and 
are thus a useful diagnostic adjunct in distinction from 
diffuse adult granulosa cell tumors (34). 

In our study it was seen that all the cases including 100% 
of adult granulosa cell tumors, 100% of juvenile granulosa 
cell tumors, all the cases of fibrothecoma, fibrosarcoma, 
fibroma, SCST of uncertain histogenesis and poorly 
differentiated tumor possibly granulosa cell tumor on 
morphology were positive for FOXl2. McCluggage et al. 
detected no FOXl2 mutation in ovarian fibroma. The 
importance of detection of FOXl2 expression in ovarian 
fibroma is not clear because FOXl2 expression was 
detected in only one case in our study. This finding should 
be investigated in large case series and compared with 
FOXl2 mutation and expressions in the tumor (34). all 
the cases that were negative for inhibin or calretinin were 
positive for FOXl2 in our study. Taking h&e sections as 
the gold standard, the sensitivity and specificity of FOXl2 
was 100% and negative predictive values as well as positive 
predictive value were also 100% in our study. Though the 
pattern of immunoreactivity in our study was in accordance 
with the literature, the limited number of cases included 
in our study was a major setback in studying the role of 
FOXl2 in the whole range of SCST. no case of steroid 
cell tumor, leydig cell tumor or female adnexal tumor of 
probable wolffian origin and only a single case of fibroma 
in which FOXl2 has been shown to be negative in earlier 
studies was included in our study. 

however, it was demonstrated that most cases of SCSTs were 
positive for FOXl2 as compared to inhibin or calretinin 
in this study. Our results also suggested that FOXl2 had a 
better percentage positivity of cells as compared to earlier 
well-established markers such as calretinin and inhibin. as 
only a limited number of cases were included in this study, 
the whole range of sex cord stromal tumors could not be 
evaluated for immunohistochemical analysis and further 
studies with a wider range of these tumors are required for 
the validation of our study.  

compared with inhibin having 71% sensitivity and 97% 
specificity (26,27). however, the sensitivity of calretinin in 
this study was 93.5% while the specificity was 100%. The 
negative predictive value of calretinin for this study was 
90.9% and the positive predictive value was 100%. 

In contrast to inhibin, calretinin is more frequently 
expressed in epithelial ovarian tumors including serous, 
mucinous, clear cell, and endometroid carcinomas (as many 
as 22% of cases in one series) and is therefore less reliable 
in the differential diagnosis of SCST and endometroid 
carcinoma (20,26). It has been noted in various studies that 
fibromas are frequently positive for calretinin and negative 
for inhibin and the sole use of calretinin in this setting is 
more discriminatory (26, 28,29).  In our study it was seen 
that in the single case of SCST of uncertain histogenesis 
where inhibin was found to be negative, calretinin staining 
gave a 1(+) percentage positivity in cells whereas the only 
case of a poorly differentiated tumor possibly granulosa 
cell tumor on morphology had strong positivity for both 
inhibin as well as calretinin. Moreover, it was seen that in 
the case of cystic granulosa cell tumor and granulosa cell 
tumor with postchemotherapy changes where inhibin 
was negative, calretinin was strongly positive. Our study 
supports that calretinin is more sensitive than inhibin for 
the diagnosis of SCST as described in the literature.

FOXl2, a forkhead transcription factor is a key factor 
in proper differentiation of granulosa cells during 
folliculogenesis and its expression persists in the ovary after 
birth (30). Shah et al. identified a single recurrent somatic, 
missense mutation in FOXl2 (C402G), which was present 
in almost all morphologically identified adult type granulosa 
cell tumours (9). Kalfa et al. studied the underexpression 
of FOXl2 in juvenile ovarian granulosa cell tumors with 
an aggressive pattern of progression and it thus may be 
a prognostic factor for these tumors (31). Rosario et al. 
concluded that FOXl2 mutations target the deregulation 
of TGF-β signaling genes, a key antiproliferative pathway 
in the pathogenesis of adult-type GCTs (32). however, its 
exact role in the pathogenesis of these tumors is still under 
evaluation. FOXl2 immunostaining gives a nuclear pattern 
of staining due to the nuclear location of FOXl2 protein, a 
transcription factor antibody.

Recently a study conducted by Osama et al. demonstrated 
that FOXl2 is a robust immunohistochemical marker for 
SCST that works in formalin-fixed, paraffin-embedded 
tissue sections and is highly expressed in both FOXl2-
mutant SCST and a subset of SCST without a (402C-G) 
mutation in FOXl2. FOXl2 immunostaining is both 
sensitive and highly specific for SCST, performing better 



127

Turkish Journal of Pathologyrathore r et al: Correlation of FOXL2 with Inhibin and Calretinin  

Vol. 33, No. 2, 2017; Page 121-128

11. McCluggage wG, Shanks JS, whiteside C, Maxwell P, Banerjee 
SS, Biggart JD. Immunohistochemical study of testicular sex 
cord-stromal tumors, including staining with anti-inhibin 
antibody. am J Surg Pathol. 1998;22:615-19.

12. Meunier h, Rivier C, evans RM, Vale w. Gonadal and 
extragonadal expression of inhibin alpha, beta a and beta B 
subunits in various tissues predicts diverse functions. Proc natl 
acad Sci U S a. 1988;85:247-51.

13. Crawford RJ, hammond Ve, evans Ba, Coghlan JP, haralambidis 
J, hudson B, Penschow JD, Richards RI, Tregear Gw. alpha-
inhibin gene expression occurs in the ovine adrenal cortex, and is 
regulated by adrenocorticotrophin. Mol endocrinol. 1987;1:699-
706.

14. McCluggage wG, Burton J, Maxwell P, Sloan JM. 
Immunohistochemical staining of normal, hyperplastic and 
neoplastic adrenal cortex with a monoclonal antibody against 
alpha inhibin. J Clin Pathol. 1998;51:114-16.

15. McCluggage wG, Maxwell P, Patterson a, Sloan JM. 
Immunohistochemical staining of hepatocellular carcinoma 
with monoclonal antibody against inhibin. histopathology. 
1997;30:518-22.

16. McCluggage wG, ashe P, McBride h, Maxwell P, Sloan JM. 
localisation of the cellular expression of inhibin in trophoblastic 
tissue. histopathology. 1998;32:252-6.

17. Matias-Guiu X, Pons C, Prat J. Müllerian inhibiting substance, 
alpha-inhibin, and CD99 expression in sex cord-stromal tumors 
and endometrioid ovarian carcinomas resembling sex cord-
stromal tumors. hum Pathol. 1998;29:840-5.

18. Matias-Guiu X, Prat J. alpha-inhibin immunostaining in 
diagnostic pathology. adv anat Pathol. 1998;5:263-7.

19. Zheng w, Senturk BZ, Parkash V. Inhibin immunohistochemical 
staining: a practical approach for the surgical pathologist in the 
diagnoses of ovarian sex cord-stromal tumors. adv anat Pathol. 
2003;10:27-38.

20. McCluggage wG, Maxwell P, Sloan JM. Immunohistochemical 
staining of ovarian granulosa cell tumors with monoclonal 
antibody against inhibin. hum Pathol. 1997;28:1034-8.

21. Kommoss F, Oliva e, Bhan aK, Young Rh, Scully Re. Inhibin 
expression in ovarian tumors and tumor-like lesions: an 
immunohistochemical study. Mod Pathol. 1998;11:656-64.

22. Bertschy S, Genton CY, Gotzos V. Selective immunocytochemical 
localisation of calretinin in the human ovary. histochem Cell 
Biol. 1998;109:59-66.

23. Cao QJ, Jones JG, li M. expression of calretinin in human ovary, 
testis and ovarian sex cord-stromal tumors. Int J Gynecol Pathol. 
2001;20:346-52.

24. Jones Mw, harri R, Dabbs DJ, Carter GJ. Immunohistochemical 
profile of steroid cell tumor of the ovary: a study of 14 cases and 
a review of the literature. Int J Gynecol Pathol. 2010;29:315-20.

25. Fine Sw, li M.expression of calretinin and the alpha-subunit of 
inhibin in granular cell tumors. am J Clin Pathol. 2003;119:259-
64.

26. Movahedi-lankarani S, Kurman RJ. Calretinin, a more sensitive 
but less specific marker than alpha-inhibin for ovarian sex cord-
stromal neoplasms: an immunohistochemical study of 215 cases. 
am J Surg Pathol. 2002;26:1477-83.

In conclusion, testing for FOXl2 immunoexpression 
can serve to distinguish between SCST and non-SCST. 
however, we acknowledge that the smaller number of cases 
included in our study was a major limitation and further 
validation with a larger number of cases is still required.
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ABStRACt

Objective: the frequency of bone marrow infiltration by Hodgkin lymphoma is low and varies from 3 to 18%. Hence there exists a dilemma 
whether bone marrow staging should be done only in the high risk cases. this study aims to study the clinicopathological features and the 
histomorphology of bone marrow infiltration by Hodgkin lymphoma.

Material and Method: Bone marrow aspirates and biopsies from cases of Hodgkin lymphoma diagnosed between 2007 and 2015 were 
studied. immunohistochemistry with CD15 and CD30 were done in necessary cases. Bone marrow infiltration was correlated with various 
clinicopathological parameters.

Results: ten of the 81 cases (12.3%) studied showed infiltration by Hodgkin lymphoma in the bone marrow biopsy sections. all the aspirates 
were negative. Bone marrow in the involved cases showed Reed-Sternberg cells and/or mononuclear Hodgkin cells positive for CD30 in a 
polymorphous inflammatory background. Cases of lymphocyte depleted subtype (66%) and those with leucopenia/ thrombocytopenia (100%) 
were frequently associated with bone marrow infiltration. B-symptoms, anemia and mixed cellularity were the other risk factors. However none 
of these risk factors were noted in two out of the ten cases with bone marrow infiltration.

Conclusion: as the role of bone marrow aspirate is minimal in the staging of Hodgkin lymphoma, bone marrow biopsy should be the method 
of choice. immunohistochemistry helps in the doubtful cases. Bone marrow involvement was frequent but not confined to the high risk groups. 
Our findings suggest that bone marrow staging should not be restricted to the high risk cases alone. 

Key Words: Hodgkin lymphoma, tumor staging, Bone marrow biopsy

Clinicopathological Features of Bone Marrow Infiltration 
in Hodgkin Lymphoma. Should Bone Marrow Staging Be 

Done Only in High Risk Patients?
Muthu SuDALAIMutHu1, Debdatta BASu2

Department of Pathology, 1SRM Medical College Hospital & Research Centre, KattanKulatHuR, taMilnaDu, inDia,
2Jawaharlal institute of Postgraduate Medical Education and Research (JiPMER), PuDuCHERRy, inDia

intRoduCtion 

Bone marrow (BM) studies are done in Hodgkin 
lymphoma (Hl) as a part of the staging work-up since BM 
involvement indicates Stage iV disease (1-3). Studies have 
shown that the frequency of BM involvement in Hl is low 
and varies from 4 to 18% (4-7). Hence some authors have 
suggested that BM studies can be done in selected high 
risk cases alone (5,8,9). However, a controversy exists as 
few other authors suggest that BM should be done in all 
the adult cases (1,10). This study was done to detect the 
frequency and morphology of BM involvement in Hl, 
to study the association of BM involvement with various 
clinical and hematological parameters and to find whether 
BM involvement is restricted to certain high risk groups 
alone.

MAteRiAlS and MethodS

Cases of Hl diagnosed from 2007 to 2015 in which BM 
aspiration and BM biopsy studies were done were included 

in our study. The study was conducted in accordance with 
the ethical guidelines stated in the Declaration of Helsinki. 
informed consent was obtained from all patients. Clinical 
and peripheral blood features were obtained from case 
sheets and hospital records. Patients less than 13 years 
of age were considered as pediatric patients and patients 
greater than or equal to 13 years of age were considered 
as adults. Clinical staging was done based on Cotswold 
modification of ann-arbor staging as recommended 
by World Health Organization (WHO) after a complete 
clinical and radiological examination (2).

BM aspiration smears (stained with leishman and May-
Grunwald Giemsa stains) and BM biopsy sections (stained 
with Haematoxylin and eosin) were examined in all these 
cases. When histopathological features were suspicious of 
BM involvement, immunohistochemistry was done with CD 
15 and CD 30 (DaKO) to confirm BM involvement. Since 
Hl had already been diagnosed in the lymph nodes of these 
patients by histopathological and immunohistochemical 
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examination, presence of mononuclear Hodgkin cells or 
classic Reed-Sternberg (RS) cells positive for CD30 in an 
appropriate inflammatory background was considered 
confirmatory of BM infiltration by Hl. This is also in 
accordance with the WHO 2008 criteria (2). 

ReSultS

We included a total of 81 cases of Hl having both BM 
aspirates and biopsies  in our study. Fifteen (18.5%) 
patients belonged to the pediatric age group and 66 (81.5%) 
patients were adults. Sixty (74.1%) patients were male and 
21(25.9%) were female. among the histological subtypes, 54 
cases were of the nodular sclerosis subtype, 20 were mixed 
cellularity Hl, four were lymphocyte rich Hl and three 
were lymphocyte depleted Hl. 

ten of the 81 cases (12.3%) of Hl showed infiltration by 
Hl in the trephine biopsy sections. However, none of these 
cases showed features of infiltration in BM aspirate smears. 

Seven of the ten cases with BM infiltration showed diffuse 
involvement and the other three showed focal involvement. 
One case showed focal BM necrosis while another case 
showed marrow fibrosis along with tumor cells. Classical or 
multinucleated Reed-Sternberg and mononuclear Hodgkin 
cells amidst were seen in a polymorphous inflammatory 
background of eosinophils, lymphocytes, plasma cells 
and neutrophils (Figure 1) in eight cases (80%) while 
mononuclear Hodgkin cells alone were recognized in two 
cases (20%). CD30 was positive in all the cases (Figure 2), 
but CD15 positivity was seen in eight cases (80%).

The clinicopathological features in these ten cases are 
presented in table i. all ten cases with BM infiltration 
were adults. Thus none of the pediatric Hl cases showed 
BM infiltration. Three of the 21 female patients (14.3%) and 
seven of the 60 male cases (11.7%) showed BM infiltration. 
B symptoms (fever, night sweats, weight loss) were noted 
in 32 patients.  Out of these 32 patients, 8 patients had BM 
infiltration (25%). in the B symptoms negative group, only 
two out of the 49 patients had BM infiltration (4.1%). 

Four out of the 54 cases with nodular sclerosis subtype 
(7.4%), four out of the 20 cases with mixed cellularity Hl 
(20%) and two out of the three lymphocyte depleted type 
Hl cases (66.7%) showed BM infiltration. none of the four 
cases of lymphocyte rich Hl showed BM involvement. 

table i: Correlation of clinicopathological features with bone 
marrow involvement in Hodgkin lymphoma

Parameter
total 

number 
of cases

number of cases 
with bone marrow 
involvement (%)

Age group
Pediatric (<13 yrs) 15 none
adults 66 10 (15.2%)
Gender
Male 60 7 (11.7%)
Female 21 3 (14.3%)
B symptoms
Present 32 8 (25%)
absent 49 2 (4.1%)
histological subtype
nodular sclerosis 54 4 (7.4%)
Mixed cellularity 20 4 (20%)
lymphocyte rich 4 none
lymphocyte depleted 3 2 (66.7%)
Cytopenia
Present 25 8 (32%)
absent 56 2 (3.6%)

Figure 1: Few Reed-Sternberg and Hodgkin cells amidst the 
characteristic polymorphous inflammatory background (H&E; 
x200).

Figure 2: CD30 positivity in Reed-Sternberg and Hodgkin cells 
(CD30; x200).
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inflammatory background is sufficient for the diagnosis 
of BM infiltration in a known case of Hl, a diagnosis of 
BM infiltration by Hl was made in these two cases (2,13). 
The immunophenotype of the tumor cells was CD30+ /
CD15+ in eight cases and CD30+/ CD15- in two cases. 
This is understandable as CD15 expression in Hl differs 
between studies (14,15). Since CD15 positivity is not 
essential for the diagnosis of BM infiltration, a diagnosis of 
BM infiltration by Hl was made in the two CD30+ CD15- 
cases (2). Detailed knowledge of the histomorphological 
features of BM infiltration by Hl is essential, because in 
some cases Hl may be primary diagnosed in a BM biopsy 
done for other purposes (16-18). 

although BM biopsy showed infiltration by Hl in ten 
cases, BM aspirates did not reveal BM involvement in any 
of these cases. Studies have shown that BM involvement by 
Hl usually cannot be detected in a BM aspirate (5,19,20). 
Thus BM aspirate has limited value in the BM staging of Hl 
and BM biopsy should be the method of choice.

When analyzing the clinical and hematological features 
associated with BM infiltration, we noted that none of the 
pediatric patients of Hl showed BM involvement in our 
study whereas 15.2% of the adults showed BM involvement. 
Mahoney et al. reported in their study that the frequency 
of BM involvement was very low (1.8%) in pediatric Hl 
(21). Hence Franco et al. suggested that BM studies can be 
avoided in stage i to iiia cases of pediatric Hl (1). Our 
results add strength to his proposal.

BM involvement was more common in the lymphocyte 
depleted (66.7%) and mixed cellularity (20%) subtypes 
of Hl when compared to the nodular sclerosis (7.4%) 
and lymphocyte rich (none) subtypes in our study. 
Vassilakopoulos et al. had also observed that BM 
involvement is more common in the lymphocyte depleted 
and mixed cellularity subtypes of Hl (9). Thus these two 
subtypes are the high risk subtypes for BM involvement in 
Hl. 

BM involvement was more common in patients with B 
symptoms and cytopenia when compared to patients 
without these findings. in our study, among cytopenias, 
thrombocytopenia and leucopenia were seen in Hl patients 
only when there was BM involvement. B symptoms and 
cytopenia were frequently associated with BM involvement 
in other studies as well (9,10,22).

B symptoms, cytopenias, lymphocyte depleted and mixed 
cellularity subtypes are therefore risk factors for developing 
BM involvement in Hl. in particular, leucopenia and 
thrombocytopenia indicate a high degree of risk. When 

Peripheral blood cytopenia was noted in 25 of the total 
81 patients. Eight out of the 25 cases with cytopenia 
had BM involvement (32%). among these eight cases, 
peripheral blood showed anaemia alone in 4 cases, anaemia 
with thrombocytopenia in three cases and leucopenia 
with thrombocytopenia in one case. all the 17 cases of 
cytopenia in which BM was not involved had only anemia. 
leucopenia and thrombocytopenia were not seen in these 
cases. among the 56 patients without cytopenia, only two 
had BM involvement (3.6%). 

Out of the 10 cases with BM involvement, 8 cases 
were thought to be of a lower clinical stage before BM 
examination was done (Stage ia-1 case, Stage iB-2 cases, 
Stage iia-1 case, Stage iiB-2 cases and Stage iiiB-2 cases). 
Because of BM involvement, these patients were upgraded 
to Stage iV.

diSCuSSion

BM studies are a part of the staging workup for Hl as BM 
involvement is considered Stage iV disease (1,2). in spite 
of the advances like positron emission tomography, BM 
biopsy is still essential to confirm BM involvement in Hl 
(11). although BM involvement has been reported to be 
less common in Hl when compared to non-Hodgkin 
lymphomas (4), it is still essential to do BM staging in 
Hl as it has prognostic significance (5). The incidence of 
BM involvement in Hl in our study is consistent with the 
literature, which indicates a range between 3-18 % in many 
studies (4-8).

BM infiltration by Hl more often showed a diffuse pattern 
in our study. However, focal infiltration was noted in three 
cases. This indicates the importance of adequate sampling 
while doing a BM staging in cases of Hl. Cases with focal 
involvement can be missed unless an adequate length of 
BM is sampled (1). BM necrosis and fibrosis were seen in 
one case each. BM necrosis and fibrosis are findings often 
associated with BM infiltration of Hl and, when present, 
should raise the suspicion of BM involvement in a given 
case (1,7,12). 

BM in eight of the ten cases infiltrated by Hl showed 
classical RS cells and mononuclear Hodgkin cells in an 
inflammatory background composed of variable number 
of eosinophils, plasma cells, lymphocytes and neutrophils. 
in the remaining two cases, only mononuclear Hodgkin 
cells were seen (without classical RS cells) in a similar 
inflammatory background. Mononuclear Hodgkin cells in 
these two cases were positive for CD 30 as well as CD15. 
Since according to the WHO 2008 criteria, mononuclear 
Hodgkin cells positive for CD30 in an appropriate 
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4.  Shi Y-F, li X-H, Song Y-Q, Song W-W, lai Y-M. involvement 
of bone marrow in lymphoma: Pathological investigation in 
a single-center from northern China. int J Clin Exp Pathol. 
2015;8:7102-11. 

5.  Howell SJ, Grey M, Chang J, Morgenstern GR, Cowan Ra, 
Deakin DP, et al. The value of bone marrow examination in the 
staging of Hodgkin’s lymphoma: a review of 955 cases seen in a 
regional cancer centre. Br J Haematol. 2002;119:408-11. 

6.  nadeem M, naqi n, Hussain i, Khattak J, ahmed R, Khan B. 
Frequency of bone marrow involvement in Hodgkin’s lymphoma 
on first presentation. J Coll Physicians Surg Pak. 2009;19:768-71. 

7.  Subramanian R, Basu D, Badhe B, Dutta tK. Role of bone 
marrow trephine biopsy in the diagnosis of marrow involvement 
in Hodgkin’s disease. indian J Pathol Microbiol. 2007;50:640-3. 

8.  Gómez-almaguer D, Ruiz-argüelles GJ, lópez-Martinez B, 
Estrada E, lobato-Mendizábal E, Jaime-Pérez JC. Role of bone 
marrow examination in staging Hodgkin’s disease: Experience in 
México. Clin lab Haematol. 2002;24:221-3. 

9.  Vassilakopoulos tP, angelopoulou MK, Constantinou n, 
Karmiris t, Repoussis P, Roussou P, et al. Development 
and validation of a clinical prediction rule for bone marrow 
involvement in patients with Hodgkin lymphoma. Blood. 
2005;105:1875-80. 

10.  Kini JR, Suresh PK, Sinha R, Sahu KK, Kumar S, Prasad K. 
Value of bone marrow examination in Hodgkin lymphoma: 
Report of three cases with review of literature. J Cancer Res Ther. 
2012;8:457-9. 

11.  Gonçalves M de C, de Paula HM, linardi C da CG, Cerci JJ, 
aldred Vl, Siqueira SaC, et al. Dealing with bone marrow 
biopsies in the staging of classical Hodgkin lymphoma: an 
old issue revisited in the (18)F-fluorodeoxyglucose-positron 
emission tomography era. leuk lymphoma. 2015;56:2883-8. 

12.  Rappaport H, Berard CW, Butler JJ, Dorfman RF, lukes RJ, 
Thomas lB. Report of the Committee on Histopathological 
Criteria Contributing to Staging of Hodgkin’s Disease. Cancer 
Res. 1971;31:1864-5. 

13.  Horváth E, Mezei t, Pávai Z, turcu M, Demian S, tóth E, et 
al. Diagnostic and differential diagnostic criteria of lymphoid 
neoplasms in bone marrow trephine biopsies: a study of 87 cases. 
Rom J Morphol Embryol. 2009;50:399-406. 

14.  Patkar n, Mehta J, Kulkarni B, Pande R, advani S, Borges a. 
immunoprofile of Hodgkin’s lymphoma in india. indian J 
Cancer. 2008;45:59-63. 

15.  von Wasielewski R, Mengel M, Fischer R, Hansmann Ml, 
Hübner K, Franklin J, et al. Classical Hodgkin’s disease. Clinical 
impact of the immunophenotype. am J Pathol. 1997;151:1123-
30. 

16.  Kar R, Dutta S, tyagi S. Clinically unsuspected Hodgkin’s 
lymphoma diagnosed primarily from bone marrow trephine 
biopsy: Report of six cases. indian J Pathol Microbiol. 
2008;51:186-9. 

17.  Dholaria B, alapat D, arnaoutakis K. Primary bone marrow 
Hodgkin lymphoma in an HiV-negative patient. int J Hematol. 
2014;99:503-7. 

multiple risk factors are coexistent in a particular patient, 
the likelihood of having BM involvement is increased. BM 
studies must be performed in these patients, even bilaterally 
as it yields better results (23).

in our study, eight patients were upgraded to stage iV 
because of BM involvement, which explains the importance 
of doing a BM examination in patients with Hl. although 
some authors recommend that BM staging in Hl may 
be restricted to certain high risk groups alone (5,8), 
Vassilakopoulos et al. noted in their study that upstaging 
of Hl based on BM studies had prognostic and therapeutic 
significance at least in certain subgroups of patients (9). 
This supports the findings of our study, in which six cases 
with clinical stage i and ii (including a stage ia case with 
anemia and a stage iia case without any cytopenia) were 
upgraded to stage iV because of BM involvement. BM 
infiltration in patients with otherwise early stage disease 
has been reported by Kini et al. as well (10). all these data 
suggest that doing BM staging only in high risk patients 
might not be sufficient. 

Considering that Hl is a unique neoplasm that exhibits 
geographical variations in its histological subtypes, 
Epstein-Barr virus association and immunophenotype, 
it may be assumed that BM infiltration in Hl also differs 
between populations (2,14,15). Hence large scale studies 
on individual populations is necessary before deciding 
whether BM staging procedures in Hl can be restricted 
in that population to only certain high risk patients. until 
then, it is advisable to perform BM staging in all patients 
with Hl, at least in adults.
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ABstRACt

Objective: There is no other screening program close to the success rate of PAP test. Cervical cytology constitutes a large workload so that quality 
control in cervical cytology is important for the quality assurance of pathology laboratories. 

Material and Method: In this study, we collected the cervical cytology results from all over Turkey and discussed the parameters influencing the 
quality of the PAP test. The study was conducted with Turkish gynaecopathology working group and 38 centers (totally 45 hospitals) agreed to 
contribute from 24 different cities. The study was designed to cover the cervical cytology results during 2013. The results were evaluated from 
the data based on an online questionnaire.

Results: The total number of epithelial Cell Abnormality was 18,020 and the global epithelial Cell Abnormality rate was 5.08% in the total 354,725 
smears and ranging between 0.3% to 16.64% among centers. The Atypical squamous cells /squamous intraepithelial lesion ratios changed within 
the range of 0.21-13.94 with an average of 2.61. When the centers were asked whether they performed quality assurance studies, only 14 out of 
28 centers, which shared the information, had such a control study and some quality parameters were better in these centers.

Conclusion: There is an increase in the global epithelial Cell Abnormality rate and there are great differences among centers. Quality control 
studies including the Atypical squamous cells/squamous intraepithelial lesion ratio are important. Corrective and preventive action according 
to quality control parameters is a must. A cervical cytology subspecialist in every center can be utopic but a dedicated pathologist in the center 
is certainly needed.

Key Words: Cervical smear, epithelial cell abnormality, Turkey

A part of this study was presented as an oral presentation at 24th National Pathology Congress, 2014, Trabzon, Turkey
The study was submitted to 28th Congress of ESP, 2016, Cologne, and accepted as poster presentation.

What does the Data of 354,725 Patients from Turkey Tell 
Us About Cervical Smear Epithelial Cell Abnormalities? 

- The Epithelial Cell Abnormality Rate is Increasing

- Quality Control Studies and Corrective Activity are Musts 
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IntRODUCtIOn

Cervical cancer has shown a decreasing incidence since the 
use of the Papanicolaou (PAP) test starting at the 1950’s. 
According to the GlObOCAn 2012 database, cervical 
cancer is the 7th most common cancer in the world and 
4th among women (1). According to the 2012 data of the 
Cancer Department of the Health Ministry of Turkey, it is 
the 10th most common cancer among women with a 2.4% 
incidence rate (2). 

since the use of the PAP test, there has been no other screening 
program with a similar success. There is a population-based 
screening program carried out by the Ministry of Health 
in Turkey, but hospital-based (opportunistic) screening 
still constitutes a great volume in cervical cancer screening. 
There are several articles representing the hospital-based 
results of cervical cytology from different centers (3-13) and 
one multi-center study representing data from 33 centers 
comprising 140,334 patients in Turkey (14). 

Cytology slides are usually evaluated by pathologists and 
only few centers have cytotechnologists in Turkey. Cervical 
cytology constitutes a large volume in the workload within 
the pathology routine so that quality control in cervical 
cytology is important for the quality assurance (QA) of 
the pathology laboratories. There are several proposed 
quality control parameters for cervical cytology such as 
cytology histology correlation (CHC), retrospective review 
of negative smears that have a following positive biopsy, 
monitoring diagnostic rates, multi-head review of difficult 
cases, and high risk Human Papilloma Virus (hrHPV) 
positivity of atypical squamous cells of undetermined 
significance (AsCus) cases (15). Two reliable and widely 
used criteria are the Atypical squamous cells (AsC)/
squamous intraepithelial lesion (sIl) ratio and CHC. 
AsC is expressed as the total of AsCus and AsC – cannot 
exclude High grade squamous Intraepithelial lesion (HsIl) 
(AsC-H) (16-18). The recommended AsCus/sIl ratio 
is 2 to 3 in different publications (16,19,20) and between 
0.87 and 4.49 in others (16,20,21). The reported hospital 
based ratios from Turkey vary between 3.28 and 12.6 (3-13) 
and 2.83 in the multi-center study of the Turkish Cervical 
Cancer and Cervical Cytology research Group (14). 

The CHC is another important parameter to be followed 
in terms of QA. In 90.8% of the patients with a positive 
cervical cytology, sIl was determined on biopsy and the 
biopsy was found to be normal in 62.8% of the cases where 
no epithelial cell abnormality (eCA) was seen on cytology 
(22).  The CHC increases in direct proportion with the 
increase of atypia degree on cytology and can be as high 
as 100% for HsIl  and decreases to 54% for AsCus and to 
20% for atypical glandular cells (AGC) (4,6,7,9,23,24). 

The workload is also an important determinant affecting 
the quality parameters in pathology. The workload limit 
can vary; it is reported to be assessed by daily or hourly 
slide number, time spent nonstop on screening or daily 
total time of screening (25). The daily workload of cervical 
cytology is important, but the more correlated parameter is 
reported to be the eCA-adjusted workload of 7 slides/day, 
which means 70 slides/day with a 10% eCA (26). 

Cervical cancer screening is very important and several 
methods can be used. In Turkey, cervical cancer screening 
is mostly by opportunistic hospital-based screening. There 
are studies for public based screening. The first studies 
with this aim were based on the cervical PAP smear test. 
However, the current method in Turkey is HPV screening, 
and the cervical smear is evaluated if the patient is HPV 
positive (27). 

In this study, we aimed to collect the cervical cytology results 
from all over Turkey to represent the whole country data as 
close as possible and discuss the parameters influencing the 
quality of the PAP smear reporting.

MAteRIAl and MetHODs

The study proposal was shared with Turkish 
gynaecopathology working group and all the laboratories 
were asked to contribute to the study. Thirty-eight centers, 
one of which having 8 different hospitals (in total 45 
centers), from 24 different cities agreed to contribute to the 
study. The study was designed to cover the cervical cytology 
results within the period of 1 January-31 December 2013. 
An online questionnaire was conducted. laboratories 
were asked to state their annual biopsy/cytology/cervical 
cytology counts, method of cervical cytology, pathologist 
number responsible for PAP smear and number of total 
pathologists, annual diagnoses of eCA with subgroups of 
AsCus, AsC-H, low grade squamous intraepithelial lesion 
(lsIl), HsIl, AGC and carcinoma (CA). Additionally, the 
biopsy or follow-up PAP smear results of the patients for 
whom the eCA diagnosis was available were collected.

The eCA and AsC/sIl ratio were calculated from 
participant-reported data. The eCA rate was defined by the 
ratio of eCA to the total cervical cytology number. AsC/sIl 
defined by the ratio of the sum of AsCus and AsC-H to the 
sum of lsIl, HsIl, and CA cases. 

ResUlts

The study group was composed of 38 pathology laboratories 
and 45 different hospitals from 24 cities. The participant 
distribution is shown in Figure 1. Among the participant 
centers, 12 (26%) were state hospitals while 8 (18%) were 
private hospitals and 25 (56%) were university hospitals. 
The annual total number of smears was 354,725 and cervical 
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The annual total number of eCA was 18,020 in the study 
group and the global eCA ratio of the study group was 
5.08% in the total 354,725 smears. Among the centers, the 
lowest reported eCA rate was 0.3% and the highest eCA 
was 16.64%. The eCA rates of the laboratories are shown 
in Table I. The distribution of eCA rates varied among 
the geographic regions (Figure 2). The relation between 
the eCA rates and the total smear number is shown in 
the graph (Figure 3). When analyzed based on the type 
of the centers, eCA rate varied between 0.52 and 7.76% 
(mean: 2.81%, median: 2.18%) in state hospitals while it 
was 3.71-16.64% (mean: 12.32%, median: 14% ) in private 
hospitals and 0.39-14.57% (mean: 3.16%, median: 2.38%) 
in university hospitals.

cytology numbers of the laboratories ranged between 674-
49,483 (Table I) while total annual biopsy numbers were in 
the range of 5827 to 155,497. The cervical smear constituted 
28% of the total biopsy volume in average. The type of 
method used in cervical cytology was conventional smears 
in 18 and liquid based cytology (lbs) in 20 laboratories 
while 9 centers were using automated screening program. 
The number of pathologists working in the centers 
ranged between 1 and 30 and the number of pathologist 
responsible for cervical cytology were in the range of 1-13. 
The annual number of smears per pathologist varied from 
294 to 21,297. Working cytotechnologists were present in 
2 centers. Cervical cytology constituted 28% of the volume 
on average with a range of 8.87%-92.46%.

Figure 1: The participant 
distribution of the study.

Figure 2: The epithelial 
cell abnormality rates 
according to the 
geographic distribution.
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table I: The laboratory characteristics of the participants

Center 
number

number of 
pathologists

number of 
pathologist 

responsible for 
smear

Biopsy 
number

Cytology 
number

smear 
number

smear 
number/per 
pathologist

eCA 
ratio AsC/sIl Q/A 

studies

1 5 1 15791 4935 2462 2462 2.03% 3.80 no
2 11 5 26217 9078 5427 1085 0.87% 4.00 no
3 5 5 16299 7034 6672 1334 3.03% 2.88 yes
4 8 7 54764 26293 19782 2826 4.49% 8.60 yes
5 2 2 5827 3324 2512 1256 0.52% 3.00 no
6 14 12 66817 32863 26113 2176 0.52% 0.79 no
7 4 4 26000 2000 6000 1500 1.20% 5.55 nA
8 2 2 11690 6104 5658 2829 1.98% 2.42 no
9 5 5 14469 5328 3315 663 8.51% 4.11 no

10 13 13 46060 18060 15986 1230 7.76% 4.27 nA
11 11 11 37501 16848 12598 1145 1.59% 2.75 nA
12 7 3 9966 2180 884 295 1.47% 5.50 yes
13 5 5 16055 1508 14845 2969 0.71% 10.88 no
14 9 4 29000 3859 8200 2050 0.78% 0.21 nA
15 15 2 31047 8112 6090 3045 0.39% 1.00 yes
16 8 8 37749 19326 5693 712 1.77% 3.41 yes
17 4 4 27655 14556 13843 3461 2.38% 0.87 yes
18 10 9 35348 12961 9502 1056 4.36% 6.21 yes
19 9 9 26740 11248 8468 941 1.55% 1.76 yes
20 3 3 10430 3834 2392 797 1.00% 2.43 nA
21 7 2 23489 5967 3200 1600 8.84% 13.94 no
22 6 5 25000 8500 6800 1360 3.01% 3.93 no
23 8 8 20869 2391 13023 1628 2.97% 0.81 no
24 7 1 19342 4918 2484 2484 1.25% 2.43 nA
25 19 6 36996 3492 6927 1155 1.26% 1.00 yes
26 6 6 25801 9398 6520 1087 3.17% 2.59 nA
27 13 11 31929 11635 8200 745 14.57% 1.74 nA
28 9 9 38328 3531 12770 1419 2.98% 2.97 no
29 5 5 33978 16865 8490 1698 2.92% 6.77 no
30 7 5 16562 6737 3457 691 3.67% 1.95 nA
31 13 1 37000 15000 9000 9000 2.40% 1.13 yes
32 15 3 45000 12500 6484 2161 2.88% 1.48 yes
33 5 4 16768 9690 6476 1619 5.54% 3.37 yes
34 30 3 155492 84715 63891 21297 14.10% 2.54 yes
35 4 4 11617 2417 1259 315 2.38% 2.75 no
36 6 2 16000 5500 3418 1709 2.11% 3.24 no
37 7 7 22000 13000 11954 1708 3.98% 2.30 yes
38 6 1 31799 12943 3930 3930 1.81% 3.12 nA

eCA: epithelial cell abnormality, AsC: Atypical squamous cell, sIl: squamous intraepithelial lesion, Q/A: Quality assurance, nA: not answered
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Figure 4: The AsC/sIl ratios distribution of the centers. 
AsC: Atypical squamous cell, sIl: squamous intraepithelial lesion).

Figure 5: The AsC/sIl ratio in relation to eCA rates of the centers.
AsC: Atypical squamous cell, sIl: squamous intraepithelial lesion,       
eCA: epithelial cell abnormality.

Figure 6: The AsC/sIl ratio in relation to annual smear number.
AsC: Atypical squamous cell, sIl: squamous intraepithelial lesion.

Among 18020 eCA, the most common lesion was AsCus 
(11557/18020, 64.2%) followed by lsIl (4106/18020, 
22.8%), AsCH (1029/18020, 5.8%), HsIl (700/18020, 
4%), AGC (548/18020, 3%) and CA (18/18020, 0.2%), in 
descending order.

The AsC/sIl ratios ranged between 0.21 and 13.94 with an 
average of 2.61 (±2.95) and median of 2.87. eight centers 
had an AsC/sIl ratio lower than 1.5 and 13 centers had 
a value between 1.5 and 3, while 7 centers had an AsC/
sIl ratio of 3-4 and 10 of them had a value higher than or 
equal to 4 (Figure 4). When analyzed according to the type 
of the centers, the AsC/sIl ratio varied between 0.79 and 
10.87 (mean: 4.23, median: 3.05) in state hospitals while it 
was in the range of 2.07-5.25 (mean: 2.08, median: 3.74) in 
private hospitals and 0.21-13.94 (mean: 3.17, median: 2.75) 
in university hospitals.

The graphical distribution of eCA percentages in relation 
to AsC/sIl ratios is shown in Figure 5.

The AsC/sIl ratios in relation to annual cervical cytology 
per pathologist in the centers are shown in Figure 6. 

When the centers were asked for whether they perform QA 
studies, 28 centers shared the information and 14 of them 
had such a control study.  eight centers were following the 
CHC results, another 5 were following both CHC and AsC/
sIl ratio and in 1 center the annual malignancy rate, AsC/
sIl ratio, and CHC rates were followed and 10% of negative 
reported cases were re-evaluated. In the QA-performing 
group, the AsC/sIl ratio range was 0.87-8.6 with an average 
of 3. In the QA-non performing group AsC/sIl ratio range 
was 0.79-13.94 with an average of 4.5. 

Figure 3: eCA rate distribution according to the total smear 
number of the center. 
eCA: epithelial cell abnormality.
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of cases with negative biopsy was 138. The biopsy results of 
1461 patients whose smear diagnosis had been lsIl were 
documented and sIl was verified in 1005 (726 lsIl, 276 
HsIl and 3 CA) (68.8%). The sIl verification rate by biopsy 
in patients diagnosed with HsIl was 87% (55 lsIl, 259 
HsIl and 48 CA). The positive predictive value (PPV) of 
AGC was 47.8% (14 lsIl, 9 HsIl and 35 CA and glandular 
pathology in 39 cases) and 97.4% (12 lsIl, 1 HsIl and 24 
CA) for carcinoma diagnosis. The biopsy follow-up results 
are shown in Table II.

The PPV of the each center according to the smear 
diagnosis showed variations. The lowest PPVs for AsCus, 
AsC-H, lsIl, HsIl, CA, and AGC were 9.5; 25; 25; 
66.6; 7.4, and 87.5, respectively. When these results were 
evaluated according to the AsC/sIl ratio, the PPVs for 
AsCus, AsC-H, lsIl, HsIl, CA, and AGC were 21-75.51-
85, 84-100, 84-100, 87.5 -100, and 28-100 respectively for 
the centers having an AsC/sIl ratio lower than 1.5. For the 
centers having an AsC/sIl ratio higher than 4, the PPVs for 
AsCus, AsC-H, lsIl, HsIl, CA and AGC were 9.5-44; 25-
51; 29-90; 66.6-100; 7.4-25 and 100, respectively (Table III).

When we analyzed the centers according to AsC/sIl higher 
than 3  and QA study performance, 35.7% (5 of 14) of the 
centers in the QA-performing group had an AsC/sIl value 
higher than 3 but this was as high as 57.1% (8 of 13) in the 
QA-non performing group. 

There were lower AsC/sIl ratios in private hospitals and 
no difference between university/non-university hospitals. 
Private hospitals had a common feature of having quality 
control studies in 5 out of 6 centers. Despite such QA 
studies, AsC/sIl was higher than 3 (3.37-3.41-5.5-6.21-8.6) 
in 5 out of these 14 centers. Among the 8 centers with AsC/
sIl ratios higher than 4, we found that 4 had no QA studies, 
3 were performing QA studies and no data was obtained 
from 1 of them.

Follow-up data of the patients was reported from 41 centers. 
In the study group, 4173 patients in total had at least one 
biopsy. Out of the 1951 biopsy-verified AsCus cases, 722 
were sIl and CA (559 lsIl, 152 HsIl, 11 CA) and the 
biopsy was negative in 1229 patients. Follow-up biopsy 
was performed in 344 patients reported as AsC-H and the 
results were 93 lsIl, 98 HsIl, and 15 CA while the number 

table II: The biopsy results of the patients with follow-up

smear 
Diagnosis

Biopsy Diagnosis

neG lsIl HsIl CA Glandular pathology (dysplasia, 
hyperplasia, polyp, etc.) total Mean 

PPV
AsCus 1229 (62.9%) 559 (28.7%) 152 (7.8%) 11 (0.6%) - 1951 37.1
AsC-H 138 (40%) 93 (27%) 98 (28.5%) 15 (4.5%) - 344 60
lsIl 456 (31.2% 726 (49.7%) 276 (18.9%) 3 (0.2%) - 1461 68.8
HsIl 55 (13%) 55 (13%) 259 (62.5%) 48 (11.5%) - 417 87
AGC 106 (52.2%) 14 (6.7%) 9 (4.5%) 35 (17.3%) 39 (19.3%) 203 47.8
CA 1 (2.6%) 12 (31.6%) 1 (2.6%) 24 (63.2%) - 38 97.4

AsCUs: Atypical squamous cell of undetermined significance,  AsC-H: Atypical squamous cell-HsIl can not excluded, lsIl: low grade squamous 
intraepithelial lesion, HsIl: High grade squamous intraepithelial lesion, AGC: Atypical glandular cell, CA: Carcinoma, neG: negative, PPV: Positive 
predictive value

table III: The PPV of centers according to the diagnosis

literature (%) Centers that AsC/sIl is <1.5 Centers that AsC/sIl is >4 Centers that AsC/sIl is <4
AsCus 20-78 21-75 9.5-44 24-75
AsC H 42-83 51-85 25-51 33-100
lsIl 48-91 84-100 29-90 40-100
HsIl 75-100 84-100 66-100 76-100
AGC 10-50 28-100 7.4/25 29-100
CA 100 87.5-100 100 87.5-100

PPV: Positive predictive value, AsC: Atypical squamous cell, sIl: squamous intraepithelial lesion, AsCUs: Atypical squamous cell of undetermined 
significance,  AsC-H: Atypical squamous cell-HsIl can not excluded, lsIl: low grade squamous intraepithelial lesion, HsIl: High grade squamous 
intraepithelial lesion, AGC: Atypical glandular cell, CA: Carcinoma, neG: negative
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unfortunately, we do not have data from the eastern part 
of the country, and there is a gap in that area. There are 
studies representing data from this region (32) and the eCA 
rate was found to be 1.81% by those studies.  Although we 
cannot discuss the regional data, there is a lower eCA rate 
in this region of Turkey in comparison to the averages of 
the whole study group.

The differences in eCA rates among different cities show an 
increase in some cities on the coast. This can be attributed 
to socio-cultural differences. However, this cannot be the 
only explanation as there are low rates from the some cities 
such as Mersin, Adana, Istanbul and low rates reported 
from Izmir –another city on the coast. One striking result 
of the eCA rates is that a laboratory having 8 different 
hospitals reported the highest rates (shown in purple in 
Figure 2) among other hospitals in the same cities. In terms 
of QA, this laboratory has a highly acceptable AsC/sIl ratio 
smaller than 3, so the eCA rates can be considered reliable. 
This center is a private laboratory and most of the hospitals 
are A+ hospitals where the patient group consisted mostly 
upper socio-economic group of high-risk patients. This 
may reflect the difference in socio-economical difference 
among other centers. The data from this center is similar to 
the data of high income countries (28-30). 

The ranges of eCA rates showed no great differences when 
evaluated according to hospital type as public-private or 
university-nonuniversity hospitals. 

The AsC/sIl is reported to be less variable when compared 
to eCA and creates mathematical data recommended for 
use in QA (16,19,21). This ratio is recommended to be 1.73 - 
2.05 for cytopathologists and 0.87- 4.5 for cytotechnologists 
in several articles (16,21) and under 2-3 in others (16,19,20). 
The AsC/sIl ratio in hospital-based studies from Turkey 
varies between 2.25 and 12.6 (3-13). This value was 2.83 
in the multi-center study from Turkey (14). The AsC/sIl 
ratios from this study showed a great range among centers. 
The values changed from 0.21 to 13.94 with a mean of 2.83. 
When grouped, 8 centers had a ratio lower than 1.5 (21%) 
and 13 centers reported a ratio of 1.5-3 (34%). The number 
of centers having a ratio higher than 3 was 17 (45%) and 
9 of them had a ratio higher than 4. These values are not 
totally correlated to eCA percentages, as shown in the 
graph in Figure 5. It is seen that there are very low AsC/
sIl values in some high eCA reporting centers as well as 
high AsC/sIl values in some low eCA reporting centers, 
although the majority are grouped in the left part of the 
graph with acceptable values in terms of QA. It is stated that 
the AsC/sIl ratio may be lower in high-risk populations 

DIsCUssIOn

The time-honored PAP test is currently the most effective 
cancer screening method. The cervical smear data from 
Turkey is documented in hospital-based reports (3-13) and 
only one study (14) represents a multi-center data reporting 
results from 22 cities, 34 hospitals and a total of 140,334 
smears. There is an ongoing public-based national cervical 
carcinoma-screening program searching hrHPV presence 
since 2014, and the Turkish Ministry of Health runs it, 
but their data is not published yet. Hence our study is the 
largest existing study showing the results based on 354,725 
patients. 

Objective data is required in order to detect the efficiency 
of cervical smears. Various data such as the eCA rate and 
AsC/sIl ratio can be used for QA. When the eCA rate was 
evaluated, it varied between 1.5% and 7.3% in countries 
with high-income (28-30). reported rates from Turkey 
range from 1.2% to 12.6% (3-13) and were 1.8% in the 
multi-center study (14). The average eCA rate of 5.08% in 
our study is higher than the unreported current data of the 
Ministry of Health national screening program (31). This 
difference can be considered to be partly related to the 
patient population as our study used hospital-based rather 
than public-based data. To a smaller extent, possible patient 
duplications can be a reason, but our data was collected 
as patient-based, not test-based, and this cannot be the 
explanation for this high rate. Our study method is similar 
to the multi-center hospital-based study reported in 2009 
in Turkey (14) and our current results are also higher than 
this study. The difference may be attributed to the difference 
in hospital types, as the previous study did not include 
private hospitals, and the number of the patients involved 
in the studies. Our study includes 2.5 times more patients 
than the other study so we believe that our results are more 
reliable. As our study also includes private hospitals, we can 
also argue that our data represents a more homogeneous 
distribution among the Turkish population and hence 
it is more generalizable since the previous study did not 
represent the private hospitals that play a major role in the 
health care system. It is found that there is an increase in 
eCA rate in the 6-year period from 2007 (the data of the 
previous study shows the 2007 data) to 2013 (the year of 
data collection of the present study). The eCA rates of the 
private hospitals are seen to be higher than state hospitals, 
and this may be attributed to the upper socio-economic 
group of high-risk patients. This may reflect the difference 
in socio-economical difference among other centers, 
similar to the data of countries with high income (28-30). 
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Centers with an AsC/sIl ratio higher than 4 have another 
common property that cervical cytology was evaluated by 
all of the pathologists working in the laboratory and there 
was no dedicated pathologist in most of these centers. In 
89% of the centers that have a ratio higher than 4, cervical 
cytology is evaluated by all of the pathologists while only 
46% of the centers reporting low AsC/sIl values have 
such a working principle. based on this result, one can 
discuss whether cervical cytology should be reported by 
all pathologists or whether it should be a subspecialty or 
at least reported by some dedicated pathologist at the 
centers. In the pathology routine, cervical cytology is easily 
shared and with the current health performance system, 
every pathologist wants to evaluate it in order to “increase 
performance”. This is also discussed in other countries and 
it is stated that when health care professionals are paid for 
each service they provide, the health care neither becomes 
more efficient and well coordinated nor has high quality 
(33). 

Cervical cytology constitutes a large work volume of 
pathology routine and it made up an average of 28% 
of the patients in our study group. In this context, the 
adequacy of cytology training during pathology training 
should be discussed. At a survey of pathologists training 
in cytopathology in european countries (responded from 
26 countries), pathologists without specific training in 
cytopathology signed out cytology reports in 54.7%, more 
often in centers where training was 3-6 months or less in 
duration. However, 92.2% of respondents thought that 
cytology should not be reported by pathologists without 
experience in cytopathology (cervical cytology workloads 
of survey respondents varied from 500 to 200,000 requests 
per year; those defined as “large” processed a range of 
13,000-200,000 with an average of 38,000 per year) (34). 

Another important point to note is that cervical smears are 
accepted as the most efficient screening test and but are now 
becoming a somewhat “diagnostic” test due to the changing 
screening methods with the use of HPV typing as the first 
step. The curriculum of pathology residents should also be 
reviewed according to this changing profile.

In terms of QA of cervical cytology, the best parameter 
that can be used is eCA confirmed by cervical biopsy. 
The specificity and sensitivity rates of cervical cytology 
are reported to be highly variable (29,30,35). specificity is 
reported as 14 to 97% with a mean of 69% and sensitivity as 
11 to 99% with a mean of 58% in the literature (23,30,35,36). 
The CHC increases in direct proportion with the increase 
of degree of atypia on cytology to as high as 100% for 
HsIl, and decreases to 54% for AsCus and 20% for AGC 

and higher in low-risk populations (28). However, this 
statement cannot explain the difference in our study group, 
as there are centers with high AsC/sIl ratios although they 
have low eCA rates, as well as some low AsC/sIl ratios 
with high eCA rates. 

The workload is an important determinant, affecting the 
quality parameters in pathology. The workload limit can be 
variable, it can be assessed by daily or hourly slide number 
or time spent nonstop on screening or daily total time of 
screening (25). As well as the daily workload, a more highly 
correlated parameter is reported to be the “eCA-adjusted 
workload” as 7 slides/day, which means 70 slides/day with 
a 10% eCA (26). However, similar to eCA rates, the great 
range of AsC/sIl among centers in this study cannot be 
ascribed solely to workload as there are high values with 
low workload and very accurate values with very high 
workload. Figure 6 shows that there are very low AsC/sIl 
values in 2 high workload centers as well as AsC/sIl values 
higher than 4 in 7 centers that of which have a low workload 
of cervical cytology per pathologist although most of the 
centers are grouped in left part of the graph. The laboratories 
having the two highest values are different than the others, 
as they have cytotechnologists working with pathologists. 
Therefore, they can be evaluated separately. Other than 
these two highest volume centers, the annual PAP smear 
load is under 3000 cases in the 16 laboratories with AsC/
sIl higher than 3 when AsC/sIl ratio is evaluated in terms 
of the workload (defined by PAP smear per pathologist). 
so the AsC/sIl ratio cannot be said to depended on the 
workload, based on our study.

The QA is important in pathology laboratories as in all 
other fields. The Hawthorne effect describes the better 
performance of observed subjects than unobserved subjects 
and it is stated that pathologists in small laboratories 
working as solo screeners have the highest failure rate (15). 
Quality control studies were performed in 14 centers. There 
was no difference in parameters among hospital type, other 
than the low AsC/sIl ratios in private hospitals.  It is seen 
that this group has a common feature to have quality control 
studies in 5 out of 6 centers. It is obvious that this cannot be 
the only explanation but the effect of quality control studies 
cannot be denied. However, it is observed that AsC/sIl was 
higher than 3 (3.37-5.5-6.21-8.6) in 4 out of the 11 centers 
with quality control studies. In this context, it is noted that 
not only does the presence of quality control studies ensure 
quality but also the presence of corrective and preventive 
action is a must. Most of the centers declared they have 
QA studies documenting the CHC data required by the 
Ministry of Health. 
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Jinekolojik Onkoloji Dergisi 2012, 1:13-19.

8. Atilgan r, Celik A, boztosun A, Ilter e, yalta T, Ozercan r: 
evaluation of cervical cytological abnormalities in Turkish 
population. Indian J Pathol Microbiol 2012, 55:52-55.

9. kır G, karateke A, Aker F: AsCus, lsIl ve HsIl tanılarının sito-
histolojik korelasyonu, bethesda 2001 AsCus alt gruplarının 
irdelenmesi. Turk Patoloji Derg 2003, 19:14-16.
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(4,6,7,9,23,24). When PPVs are compared with the literature 
values, the mean rates of the study group are in accordance 
with the literature. low PPV values are noteworthy in the 
centers that had AsC/sIl > 4. Quality control studies and 
follow-up of the AsC/sIl ratio are important. However, 
the number of patients with biopsy follow-up varied. some 
centers that had very low follow-up numbers may therefore 
have appeared to have very high or very low PPVs.

In conclusion, this study shows that there is an increase 
in eCA rates in Turkey. There are great differences among 
centers. The most important result of this study is that 
QA studies including AsC/sIl are vital. However, QA 
activity does not mean to record the data to be sent to the 
Ministry of Health and taking corrective and preventive 
action according to quality control parameters is a must. 
A cervical cytology subspecialist in each center can be a 
dream at this stage but assigning dedicated pathologists for 
cervical cytology should be discussed and attempted. The 
pathology community should overview cervical cytology 
training during pathology residency and should be ready 
to the changing role of the pathologist in the future with 
cervical screening by hrHPV testing.
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INTRODUCTION

energy-based devices are nowadays being used widely in 
open and laparoscopic surgeries for dissection, cauteriza-
tion and vessel-sealing purposes. electrosurgery refers 
to the use of high frequency electric current for tissue 
cutting and coagulation processes (1). Since the discovery 
of electrosurgery in the modern era, various modalities of 
energy with dissection, cauterization and sealing properties 
have been produced particularly in laparoscopic surgery. 
However, despite the advantages of these devices, surgeons 
are faced with the risk of tissue damage due to peripheral 
thermal desorption. 

Various systems dependent on bipolar energy are being 
used on tissues and vessels in laparoscopic surgery (2,3). 
LigaSure™ fuses collagen and elastin in the vessel wall by 

applying a certain amount of bipolar energy and pressure. 
Heat desorption to adjacent tissues is approximately 2 
mm (4,5). plasmakinetics™ conducts system-pulse bipolar 
energy to tissues via the device allowing discontinuous tissue 
cooling which in turn restrains lateral heat desorption and 
tissue adhesion (6). In the system, high energy is conducted 
to the grasped tissue creating vapor zones. The current 
proceeds through highly resistant vapor zones via the least 
resistant pathway. Vapor zones collapse sequentially and 
with every new pulse of energy more tissue is coagulated 
between the tips of the device; consequently, the tissue is 
coagulated homogenously (7). enSeal® ensures sealing 
of the tissue by combining energy control of the bipolar 
sealing device with a compression mechanism. Thermal 
desorption is approximately 1 mm (8).
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The widespread use of electrosurgery in time will increase 
the effectiveness and minimize the risks of the devices. 
Our study aimed to compare the classic bipolar and three 
new bipolar energy modalities in terms of lateral thermal 
propagation in the uterine tubes. 

MATERIALS and METHOD

This prospective, randomized, single-blind study was 
conducted between September 2012 and July 2013 at the 
Clinic of Obstetrics and Gynecology of Izmir katip Çelebi 
University ataturk training and research Hospital. The 
study was approved by the ethics Committee of Izmir katip 
Çelebi University and the local academic board (2012-
37). It was consistent with the Declaration of Helsinki for 
Medical research Involving human subjects. Informed 
consent was obtained from all patients. 

eighteen patients aged 40-65 years undergoing hysterec-
tomy and bilateral salpingectomy of benign etiology were 
included in the study. patients with previous abdominal 
surgery, endometriosis, hydrosalpinx or tubal adhesions 
were excluded. patients diagnosed with malignancy, 
endometriosis or hydrosalpinx during frozen sections or 
postoperative pathologic assessment were also excluded 
from the study. 

Both uterine tubes were visualized and marked proximally 
3 cm from the uterine horn, distally 3 cm from the fimbrial 
end before the hysterectomy operation. energy was applied 
with 5 mm wide applicators of each modality. One modality 
was applied both on the distal and proximal segments of 
the right uterine tube, and a different modality was applied 
on the distal and proximal segments of the left uterine 
tube. Classic bipolar cautery was evaluated as the control 
group. application time of each device was standardized 
as the minimum time needed for an audible warning 
signal according to the tissue impedance. In the classic 
bipolar without an audible warning signal, the process 
was terminated after visualizing tissue vapor. Ultimately 
uterine tubes were excised by sharp dissection, marked 
for applicator treated areas and sent to the pathology 
laboratory (Figure 1). The uterine tubes were fixed in 
formalin, defined macroscopically and sampled. 3-5 micron 
thick sections were obtained from paraffin blocks of the 
uterine tube samples. H&e and Masson’s trichrome (Mt) 
stained sections were evaluated by a single pathologist; 
areas of damaged or necrotic tissue were morphometrically 
assessed and compared under light microscopy (Leica 
DM 4000 B, Leica-Software). The pathologist was blinded 
to the energy modality used. The incision made by the 
applicator was considered as the demarcation line; the 

amount of inflammatory response, tissue congestion, 
fibrosis and coagulation necrosis formed laterally from this 
line was recorded and the distance from normal tissue was 
measured (Figure 2,3). 

a total of 72 specimens from 18 patients, applying two 
different energy modalities on each patient, were evaluated. 

Figure 1: the shape of the uterine tube after energy application.  

Figure 2: Normal tubal view on the left and coagulation necrosis 
due to thermal damage on the right (H&e; x10). 

Figure 3: the red coloured area marked with a square indicates 
thermal damage. the black line is used to measure the propagation 
of the thermal damage (Masson’s trichrome; x10).
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were found to be significantly lower than the values for the 
proximal uterine tube (p<0.05) (table II). although there 
was no significant difference between distal and proximal 
uterine tubes in terms of dissemination of the lateral 
thermal damage in Ligasure™, enseal®, and classic bipolar 
applied cases, dissemination of the lateral thermal damage 
on the distal segments was found to be clinically lower than 
on the proximal segments. 

While analysing the damage on uterine tubes by each 
devices used, Ligasure™ was associated with increased 
thermal injury compared to plasmakinetics™ (p=0.007) 
(table III). When other pathologic parameters such as 
congestion, necrosis and fibrosis were analyzed by device, 
there were no statistically significant differences between 
the groups (p> 0.05).

DISCUSSION

In our study, three new bipolar energy modalities and 
the classic bipolar energy modality have been compared 
in terms of the risks they pose. Studies on thermal tissue 
damage related to variable energy modalities have been 
recently gaining importance in the literature. to our 
knowledge, there are no reported studies to date comparing 
four different bipolar energy modalities on the same tissue.

In a study of Carbonell et al. in which thermal damage 
propagations of plasmakinetics™ and LigaSure™ on vessels 
were investigated, thermal damage on the vessels was found 
to be equal and the damage in greater vessels was found 
to be wider (9). Unlike this study, our study demonstrated 
that Ligasure™ was associated with increased thermal injury 
compared to plasmakinetics™.

each energy modality was compared with other modalities 
in 3 patients, corresponding to 12 samples (Figure 4). 

Data were analyzed by the IBM SpSS 22.0 software (SpSS 
Inc., IBM, Chicago, IL, USa), and descriptive data were 
expressed as mean±standard deviations (SDs), median 
and range. The distribution of variables was assessed by 
the kolmogorov-Smirnov test. The effect of the device and 
uterine tubes on thermal damage propagation was evaluated 
by generalized estimating equations (Gee) model. p < 0.05 
was considered significant in all analyses.

RESULTS

The mean age, gravidity and parity of the patients included 
in the study were 48.4 ± 5.8, 2.8 ± 1.3 and 2.1 ± 1.02 
respectively. 16 patients were in the premenopausal and 2 
patients were in the postmenopausal period. Indications 
and type of the surgery performed are listed in table I. 

Values for spread diffusion of lateral thermal damage on 
the distal uterine tube tissue in terms of energy modalities 
applied are 2128 ± 1116 µm, 1671 ± 435 µm, 1721 ± 945 
µm, 1310 ± 445 µm for LigaSure™, enseal®, classic bipolar, 
and plasmakinetics™ respectively. Values for propagation 
of lateral thermal damage on the proximal uterine tube 
tissue in terms of energy modalities applied are 2294 ± 693 
µm, 1860 ± 858 µm, 1934 ± 604 µm, 1898 ± 474 µm for 
LigaSure™, enseal®, classic bipolar, and plasmakinetics™ 
respectively (table II).

When the thermal damage on distal and proximal uterine 
tubes caused by the devices used was considered, values 
for propagation of the lateral thermal damage (µm) on 
the distal uterine tube in plasmakinetics™ applied cases 

Figure 4: the chart of patient groups 
according to the use of the devices.
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damage propagation of enSeal® in our study was slightly 
lower than that of LigaSure™.

In another study, monopolar, harmonic (pov 3), harmonic 
(pov 4) and LigaSure™ were compared. Thermal damage 
propagation of LigaSure™ was measured to be 144.18 μm 

Sahin et al. reported that the thermal tissue damage and 
inflammatory response caused by enSeal® was lower than 
that of LigaSure™ in a study comparing the thermal damage 
and inflammatory responses of enSeal ® and LigaSure ™ on 
the liver (10). although not statistically significant, thermal 

Table I: Distribution of patient age, gravidity, parity, menopausal status, indications for hysterectomy and the type of surgery performed

n % (Mean±SD) Min. Max.
Age (years)     48.44±5.82 40 63
Menopausal status          

postmenopausal 2 11.1
premenopausal 16 88.9      

Gravidity     2.83±1.34 0 5
0 1 5.6
1 1 5.6
2 6 33.3
3 4 22.2
4 4 22.2
5 2 11.1      

Parity     2.11±1.02 0 5
0 1 5.6
1 2 11.1
2 11 61.1
3 3 16.7
5 1 5.6      

Indications for hysterectomy          
Simple endometrial Hyperplasia without atypia 1 5.6
endometrial polyp 2 11.1
Myoma Uteri 15 83.3      

Performed Surgery          
taH+BS* 10 55.6
taH+BSO** 5 27.8
taH+right USO+Left Salpingectomy*** 1 5.6
taH+Left USO+right Salpingectomy **** 2 11.1      

*Total abdominal hysterectomy and bilateral salpingectomy, **Total abdominal hysterectomy and bilateral salpingo-oophorectomy, ***Total abdominal 
hysterectomy and right salpingo-oophorectomy and left salpingectomy, ****Total abdominal hysterectomy and left salpingo-oophorectomy and right 
salpingectomy.

Table II: Comparison of the results of thermal damage propagation (µm) in terms of the devices applied on distal and proximal uterine tubes

Thermal damage propagation (µm)
Distal Proximal

Mean+s.d. Median Min-Max. Mean+s.d. Median Min-Max. p
LigasureTM 2128+1116 1745 1288-4890 2294+693 2133 1486-3419 1.000
EnSeal® 1671+435 1614 1112-2297 1860+858 1481 877-3369 1.000
Bipolar 1721+945 1486 656-3410 1934+604 1917 1005-2723 1.000
PlasmaKineticsTM 1310+445 1336 804-2250 1898+474 1646 1307-2713 0.022
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a few of the studies on this topic have been conducted on 
living human tissue, the rest being conducted on animals. 

a limitation of our study is that the pathology specimens 
were examined under light microscopy. pathological 
alterations in cell damage occur only during the third stage. 
Therefore, more comprehensive studies are needed to 
examine the early biochemical and ultrastructural changes 
thoroughly. In addition, the thermal damage propagation 
in our study was measured laterally but not vertically; the 
latter was rendered impossible by the presence of a tissue 
with a different structure, the peritoneum, under the 
uterine tube. 

Considering the recent advances in surgical energy 
modalities, nowadays the intention is to increase the 
effectiveness and minimize the risks of the devices. Herein, 
we found that Ligasure™ was associated with increased 
thermal injury on living human uterine tubes’ segments 
compared to plasmakinetics™ and that plasmakinetics™ 
may be preferable to reduce the lateral thermal damage. 
energy modalities used on human tissues necessitate 
clinical studies including larger series. 
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INTRoDUCTIoN

Environmental pollutants have always been known to 
induce various physiological and biochemical alterations 
in the living system (1). Among the various pollutants, 
7,12-dimethylbenz(α)anthracene(DMBA) is the most 
potent mutagen released due to incomplete combustion 
(2). It has been known to induce microstructural changes 
(histopathological) in the liver tissue of male Wistar rats 
(3). these changes in turn are responsible for inducing 
biochemical changes in the animals and thus lead to the 
onset of various damaging effects. A number of drugs are 
available for countering these environmental pollutants 
but these often accompanied by serious side effects (4,5). In 
addition, they mostly have limited efficacy and are prone to 
resistance development after a certain time period. these 
limitations of the synthetic drugs demand the use of natural 
plant products with diverse biological activities. Plant 

secondary metabolites such as alkaloids, phenols, flavonoids 
and glucosinolates have shown immense biological activity 
and are often used as an antioxidant, antitumor, anticancer, 
bioherbicide and insecticide agents (6,7). Among these, 
glucosinolates (GSLs) and especially their hydrolytic 
products have comparatively higher bioactivity with limited 
side effects (8). the current study was therefore designed to 
evaluate the protective activity of a glucosinolate hydrolytic 
product (GHP), erucin (4-methylthiobutyl isothiocyanate), 
against the microstructural changes induced by DMBA in 
the extrahepatic organs (lungs, stomach and kidneys) of 
male Wistar rats using histopathological analysis.

MATERIAL and METHoDS

Animals and Treatment

Male albino rats of Wistar strains aged 40-80 days and 
weighing 0.15-0.30 kg were chosen for the current study. 
the rats were kept in polypropylene cages with paddy husk 
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bedding and maintained at a temperature of 25 ± 2 °C and a 
12 h light: 12 h dark condition in the animal house of Guru 
nanak Dev University, Amritsar. they were allowed water 
and pellet diets at ad libitum. the study was approved by 
the animal ethical committee of GnDU, Amritsar with 
the file number 226/CPCSEA. the animal experimental 
analysis was done using the guidelines given by Committee 
for the Purpose of Control and Supervision of Experiments 
on Animals (CPCSE), Ministry of Environment and 
Forests, Government of India. the rats were divided in 
five groups and each group had a total of six rats. the first 
group was a negative control receiving corn oil (vehicle). 
the second group received DMBA (20 mg/kg bw), and 
the third to fifth groups received DMBA + erucin (20, 35 
and 50 mg/kg bw). All the doses were given for five days 
through intraperitoneal injection and the experiment was 
terminated on the sixth day. the animals were sacrificed 
using cervical dislocation and their liver was removed 
under sterile conditions. the test compound erucin was 
isolated and characterized as per the earlier given method 
(3,9).

Histological Analysis

the rats were euthanized and their lungs, stomach and 
kidneys were removed under sterile conditions and 
transported in 10 % formalin to the histopathological 
unit. the organs were individually inspected and sections 
were taken from the representative areas. the sections 
were processed as per the standardized protocol and 
were embedded in paraffin blocks. two to three micron 
sections were cut and then stained using haematoxylin 
and eosin. the slides thus prepared were segregated 
according to the specific organ system and then labeled in 
a blinded way to prevent any biasing. the slides themselves 
were observed on light microscope and scored by two 
histopathologists in a blinded manner. the observations 
were noted after a mutual consensus was reached by both 
the histopathologists. the scoring systems were designed 
before the start of the study. For the kidney, the European 
Vasculitis Study Group (EUVAS) classification system was 
chosen for characterisation of injury patterns. For gastric 
biopsies, the Baylor modification of “the Sydney System” 
for gastropathies was employed whereas for the lung, a 
novel injury score pattern was developed. 

RESULTS

the histological studies were conducted in the three 
extrahepatic organs viz. lung, stomach and kidney and 
the results were presented as per the observed damage/
protection.

Kidney

Extensive study revealed the absence of any damage of 
either DMBA or erucin on the kidney of male Wistar rats 
(Figure 1A-C). A normal kidney tissue with intact structural 
characteristics was observed. no microstructural changes 
were observed following the treatment. the study therefore 
indicates absence of any role of the kidney in obviating 
DMBA induced damage. the mutagen was not able to 
cause any deleterious change in the structure and hence a 
normal physiological role of the organ was maintained, as 
observed by histological studies.

Stomach

the changes noted in the gastric biopsies were graded 
and scored according to the four main parameters: types 
of damage viz. chronic inflammation, activity, atrophy 
and intestinal metaplasia. these changes were further 
subdivided as no change, mild change, moderate and 

Figure 1: Figure representing normal kidney histopathology 
following the treatment with DMBA alone and in combination 
with erucin. A) Unremarkable renal parenchyma showing 
glomerulus, tubules, blood vessels and interstitium (H&E; 
x100). B) normal glomerulus with thin walled capillaries and 
surrounding normal tubules (H&E; x400). C) Unremarkable 
proximal and distal convoluted tubules (H&Ex; x100).

A

B C
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Lungs

the effect of DMBA and erucin alone and in combination 
on the lungs of male Wistar rats was also analyzed in the 
current study. the histological changes in the lungs of rat 
were categorized in six different parameters with further 
subtypes. these changes were disease pattern (absent, 
localized and generalized), intra-alveolar congestion 
(absent and present), intra-alveolar infiltration by 
inflammatory cells (mild, moderate and severe), alveolar 
hyperplasia (absent and present), interstitial inflammation 
(mild, moderate and severe) and interstitial fibrosis (mild, 
moderate and severe). the changes were recorded as per the 
damage observed in the prepared slides. It was seen that the 
rats treated with DMBA alone showed the highest damage 
with a score of 9/13. All the damaging characteristics were 

severe change. the scoring was then done as per the 
damage observed and cumulative score was considered 
as the total damage incurred in the organ of the animal 
following the treatment. the current study showed that the 
highest damage was in the stomach of DMBA-treated rats 
with a cumulative score of 8 out of 12. Moderate chronic 
inflammation, activity, atrophy and intestinal metaplasia 
was seen in this treatment group. the untreated control 
group had mild chronic inflammation and a damage score 
of 1/12 was recorded. In contrast, the treatment (DMBA 
+ erucin) groups showed a dose-dependent result. the 
highest damage was in the DMBA + 20 mg/kg bw erucin 
group, with a score of 5/12. this damage was further 
reduced to 3/12 and 1/ 12 in the group treated with 35 and 
50 mg/kg bw erucin, respectively (table I, Figure 2A-D).

Figure 2: Figure representing gastric histopathology following the treatment with DMBA alone and in combination with erucin.                  
A) Mucosal ulceration with moderate degree of chronic inflammation (H&E; x400) [DMBA + erucin (50 mg/kg bw)]. B) neutrophilic 
infiltrate in the biopsy showing evidence of moderate activity (H&E; x1000) [DMBA + erucin (35 mg/kg bw)]. C) Mucosal flattening 
and moderate degree of gastric atrophy with focal evidence of intestinal metaplasia (H&E; x200) [DMBA + erucin (20 mg/kg bw)].                      
D) Intestinal metaplasia (goblet cells)(H&E; x400) [DMBA alone].

A

C

B

D
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Table I: Gastric abnormalities scored using Baylor Modification of “The Sydney System”
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I 1 0 0 0 1/12
II 2 2 2 2 8/12
III 1 1 2 1 5/12
IV 1 1 1 0 3/12
V 1 0 0 0 1/12

Gps: Groups.  Group I: untreated control; Group II: DMBA (20 mg/kg bw); Group III: DMBA + erucin (20 mg/kg bw); Group IV: DMBA + erucin (35 
mg/kg bw); Group V: DMBA + erucin (50 mg/kg bw)

body (11). the xenobiotic compounds are metabolized by 
liver but other organs such as the lungs, stomach and kidneys 
play a key role in their metabolism and excretion (12-14). 

these xenobiotic compounds are countered efficiently by 
plant secondary metabolites such as isothiocyanates (15). 
Among the various isothiocyanates, erucin (an analogue of 
sulforaphane) has been isolated and evaluated for its ability 
to protect the rats against the toxic effect of DMBA. the 
current study was therefore designed to investigate the 
role of erucin against the deleterious effect of the pollutant 
DMBA on the lungs, stomach and kidneys of male Wistar 
rats. the mutagen and test compound were unable to 
induce any histopathological changes in the kidney of the 
rats suggesting that DMBA is completely metabolized by 
liver and other organs and thus it has no negative effect 
on kidneys. In addition, the test compound erucin had 
no toxicity as observed by an absence of microstructural 
changes.

Table II: Method for scoring the damage incurred by lung tissue of the animal
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III 0 1 0 0 0 1 0 0 0 0 0 2 0 1 0 0 5/13
IV 0 1 0 0 0 0 0 0 0 0 0 2 0 1 0 0 4/13
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Gps: Groups. Group I: untreated control; Group II: DMBA (20 mg/kg bw); Group III: DMBA + erucin (20 mg/kg bw); Group IV: DMBA + erucin (35 
mg/kg bw) ; Group V: DMBA + erucin (50 mg/kg bw)s

observed in the tissue, suggesting severe microstructural 
changes in this group. In contrast, a low damage of 3/13 
was observed in the untreated control. the slight damage 
observed in this group might be due to the continuous 
delivery of corn oil to the intraperitoneal cavity of the 
animal. As seen in the stomach, a dose-dependent result 
was observed in the lungs of rats treated with DMBA in 
addition to erucin (20, 35 and 50 mg/kg bw). the erucin 
treatment ameliorated the damage incurred on the lungs as 
seen by a reduction in damage score to 5/13, 4/13 and 3/13 
in the low, medium and high erucin treated group (table 
II, Figure 3A-F).

DISCUSSIoN

Increasing pollution and drastic change in the lifestyle these 
days have made us susceptible to various deleterious effects 
(10). these pollutants are also responsible for inducing 
various microstructural changes in the vital organs of the 
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Since the mutagen (DMBA) was administered in the 
intraperitoneal cavity, it increased the susceptibility of 
the stomach to its toxicity. this was confirmed by marked 
microstructural changes in the tissue of experimental 

animals. DMBA acts as a genotoxic mutagen and causes 
the formation of DnA adducts (16). these adducts alter 
the genetic makeup of the rats and thus cause a number 
of changes in the physiological and physical makeup 

Figure 3: Figure representing 
lung histopathology following 
the treatment with DMBA 
alone and in combination 
with erucin. 
A) Generalised inflammatory 
response in lung parenchyma 
(H&E; x400) [DMBA + 
erucin (50 mg/kg bw)]. 
B) Mild intra-alveolar 
congestion (H&E; x1000) 
[DMBA + erucin (35 mg/kg 
bw)]. 
C) Dense inflammatory 
infiltrate and interstitial 
fibrosis around the 
terminal bronchiole in lung 
parenchyma (H&E; x1000) 
[DMBA + erucin (20 mg/kg 
bw)]. 
D) Alveolar hyperplasia in 
lung parenchyma (H&E; 
x1000) [DMBA alone].                    
E) Mild to moderate 
interstitial inflammation 
in lung parenchyma (H&E; 
x1000)[DMBA alone]. 
F) Interstitial fibrosis in lung 
parenchyma (H&E; x1000) 
[DMBA alone].
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that DMBA caused severe changes in the physical makeup 
of lungs and stomach of the animal. the test compound 
erucin, on the other hand, protected the animal against 
these severe changes and is thus a suitable candidate for 
further studies. no alteration was observed in kidneys of 
the animals following the treatment with DMBA, erucin or 
their combination.
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ABStRACt

Anogenital mammary-like glands may give rise to various pathologic lesions identical to those known in mammary pathology. Tumor occurring 
in the anogenital region is extremely rare. The histogenetic origin of this tumor is controversial as it is being debated whether such lesions evolve 
from ectopic breast tissue and most recently, anogenital mammary-like gland. We report a 28-year-old girl who presented with a painless mass 
in the anogenital region, which was subsequently excised. Microscopic examination revealed morphologic pattern characteristic of benign 
phyllodes tumor with pseudoangiomatous stromal hyperplasia. We present this case to emphasize the importance of recognizing this uncommon 
lesion occurring at an extremely unusual site. We also discuss the histogenesis of phyllodes tumor and related lesions occurring in the anogenital 
region in light of the current literature along with a brief review of the previously reported cases of anogenital mammary-like glands. 
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ıNtRoduCtıoN

Since the first description by Hartung of mammary tissue 
that had developed in the vulva of a 30-year-old female 
in 1872 many neoplastic and reactive conditions that are 
morphologically very similar to the lesions commonly 
seen in normal breast tissue have been described in 
the vulva or anogenital region (1). Such lesions include 
lactation glands, lactation adenoma, hydrocystoma, 
hydroadenoma papilliferum, non-mammary Paget disease 
and invasive adenocarcinoma (2). It is still unclear whether 
such proliferative processes in the anogenital region 
originate from ectopic mammary tissue or local adnexial 
structures. Phyllodes tumor of the breast is a relatively 
rare fibroepithelial lesion that makes up less than 1% of all 
primary breast tumors and is very rarely localized at the 
vulva, or the perianal or anogenital region and only a few 
cases have been reported to our knowledge (3-7).

We present a 28-year-old woman with benign phyllodes 
tumor in the perineum with widespread pseudoangiomatosis 
stromal hyperplasia findings. We also discuss information 
in the literature on the histogenesis of relevant lesions in 
the vulva, perineum or anogenital region, their histological 
features, and previously reported phyllodes tumor cases at 
similar localizations. 

CASE REpoRt 

The presented case is a 28-year-old patient who presented 
with a painless mass at the perineal region. The mass had 
a polypoid appearance and soft consistency.  It measured 
4.5x3.5x3 cm and was surrounded by a rim of remarkable 
skin. The cut surface was pale pink-white in color  and 
in a granular fashion. Microscopy of samples showed 
mammary-like glands under the squamous epithelium and 
neighboring fibroepithelial tumor with regular borders 
(Figure 1). The whole tumor was processed and evaluated 
with multiple serial sections. Similar to the first samples, 
there was a marked fibroepithelial development pattern 
with occasional epithelial hyperplasia morphologically 
(Figure 2). The stroma was only mildly cellular in many 
areas. Stromal atypia or mitosis were absent (Figure 3). 
No necrosis was observed. Foci consisting of hyalinized 
collagen bands and slit-like spacing anastomosing with 
each other and lined with unspecified cells with no atypia 
or mitotic activity and no erythrocytes were present in 
the stroma (Figure 4). This specific hyalinized appearance 
of the stroma was interpreted as pseudoangiomatous 
stromal hyperplasia (PASH). There was widespread PASH 
around the mammary-like glands in the non-tumoral 
tissue. Widespread ductal hyperplasia was seen in the 
epithelial component. Widespread apocrine metaplasia and 
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hyperplasia were also present. The tumor was quite close to 
the marked surgical border in some samples. 

Immunohistochemical methods revealed CK7 (+), 
CK20 (-), CEA focal (+), GCDFP-15 focal (+), estrogen 
receptor 10% (+) and progesterone receptor 90% (+) in the 
epithelium. The stromal cells and the slits in the PASH areas 
stained with vimentin, actin and CD-34 (Figure 4). The slits 
were negative for CD31 and factor VIII. 

The lesion was diagnosed as “Benign Phyllodes Tumor” 
with these morphological findings. Long-term follow-up 
for recurrence was recommended as the lesion was very 
close to the surgical border and it can be difficult to predict 
the prognosis of phyllodes tumors at such rare localizations. 

dıSCuSSıoN 

Mammary-type tissue in the vulva was thought to be and 
accepted as ectopic mammary glands representing caudal 
remnants of the milk line for a long time after its description 

(1). The presence of ectopic breast tissue neighboring the 
lesion or in direct histological continuity with the lesion in 
some of the presented cases has also supported this notion 
for a long time. However, van der Putte has stated in 1991 
and 1994 that this tissue represents the normal structure 
of the anogenital region and that similar lesions in the 
perianal region cannot be explained with the milk line 
theory (1,8). Such gland structures are currently defined 
as anogenital mammary-like glands. van der Putte has 

Figure 4: Close appearance of the pseudoangiomatous stromal 
hyperplasia areas (H&E x200). Small image; Diffuse positivity 
with CD34 (CD34 x400).

Figure 3: Normocellular and collagenized stroma (H&E x200). 
Small image; no atypia and mitosis in the stromal spindle cells 
(H&E x400).

Figure 2: Typical “leaf-like” architecture (H&E x100).Figure 1: Circumscribed tumor with fibroepithelial development 
under the squamous epithelium (H&E x40).
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described the histological features of these lesions. Such 
glands are larger than apocrine or eccrine glands and have 
large ducti with acini, diverticuli, short branches and rarely 
lobules, similar to mammary glands. Ultrastructurally, the 
secretory epithelial cells contain electrolucent secretory 
granules (1,8). Scurry et al have supported van der Putte’s 
theory and recommended the use of general terminology 
such as “mammary-like gland adenoma” for tumors of the 
basophilic ductal cells of mammary-like gland structures 
localized in various places (9). They also believe that 
all of the more infrequent benign anogenital glandular 
tumors such as erosive adenomatosis, sclerosins adenosis, 
and papillary adenofibroma are variants of mammary-
like gland adenomas (9). Most of these variant lesions are 
thought to appear in a background of typical mammary-
like gland adenomas (9). The lesion was localized to the 
perineal region in our case and it has been confirmed that 
the localizations was not consistent with the milk line. This 
eliminates the possibility of the lesion developing from 
ectopic mammary tissue. Cases supporting development 
from ectopic mammary tissue have been reported in the 
literature (2,3,4,9).

Our case showed mammary-like gland structures in the 
areas neighboring the lesion and occasionally within 
the lesion. We observed ductal epithelial hyperplasia, 
widespread apocrine metaplasia and hyperplasia and 
also widespread PASH in these structures and the lesion. 
PASH is a relatively frequent, hormone-dependent change 
seen with various benign and malignant processes in the 
breast (10). PASH has been reported to accompany various 
benign or malignant lesions seen in anogenital mammary-
like glands (AGMLG) (10). PASH is usually a coincidental 
histopathological finding in the breast. However, PASH can 
rarely cause a clinically palpable tumor mass or massive 
breast enlargement. A similar situation arising in AGMLG 
can complicate matters (11). The presented case had ducti 
showing cystic dilatation and mild hyperplasia, an epithelial 
component with the appearance of occasionally blind ductus 
adenosis, and PASH with diffuse development in all stroma 
including that neighboring the lesion, on a morphological 
background of phyllodes tumor. Vazmitel et al. have 
defined widespread PASH in a complicated neoplasm 
affecting AGMLG similar to our case (11). The importance 
of PASH that consists of vessel-like slits is the diagnostic 
similarity to low-grade angiosarcoma. However, there are 
no erythrocytes within the vessel-like slits and atypia or 
mitosis in the lining epithelium. Immunohistochemistry 
is also helpful. Spindle cells are positive with CD34 and 
vimentin, partially positive with smooth muscle actin and 
negative with factor VIII. This immune staining pattern 

also indicates that the cells lining the vessel-like slits are not 
of endothelial origin and possibly belong to the spectrum 
of cells that develop from young mesenchymal cells to 
myofibroblasts. The fact the cells surrounding the slits were 
immunoreactive with CD34 and smooth muscle actin and 
did not stain with endothelial markers other than CD34 in 
our case supported a myofibroblastic origin and decreased 
the histopathological possibility of an angiosarcoma. 

Malignant or benign, epithelial or stromal lesions of the 
AGMLG show significant homology with those seen in 
the breast (12-14). Phyllodes tumor of the AGMLG is a 
biphasic fibroepithelial neoplasm consisting of an epithelial 
glandular component and a usually more dominant stromal 
component. Similar to those in the breast, the definition of a 
neoplasm as a fibroadenoma or phyllodes tumor is based on 
the amount and appearance of the stromal component. The 
incidence of phyllodes tumor affecting the AGMLG is very 
low and these tumors have generally been reported as single 
case reports in the literature. The tumor in our case was 
relatively large and had fibroepithealial morphology with 
excess stromal development under squamous epithelium 
with regular borders. The entire tumor was evaluated and 
the stroma was mildly cellular in many areas but no stromal 
atypia, mitosis, heterologous differentiation or necrosis 
was seen. Widespread ductal hyperplasia was seen in the 
epithelial component, together with widespread apocrine 
metaplasia and hyperplasia. All features were consistent 
with benign phyllodes tumor. The differential diagnosis 
of this tumor includes some stromal tumors such as like 
fibromatosis, angiomyofibroblastom, angiomyxoma. The 
epithelial islands may look surrounded by stroma in such 
mesenchymal tumors but the leaf-like pattern of phyllodes 
tumor is not present. Papillary hydroadenoma looks like 
benign phyllodes tumor superficially but there is no stromal 
component. Two other lesions with biphasic appearance 
that need to be considered in the differential diagnosis 
are chondroid syringoma and uterine cervix mullerian 
adenosarcoma that has metastasized to the anogenital 
region. However, the characteristic “leaf-like” pattern and 
biphasic morphology with marked stromal component in 
phyllodes tumor help in the differential diagnosis with such 
lesions. 

In conclusion, we reported  an unusual case of  benign 
phyllodes tumor with diffuse pseudoangiomatous stromal 
hyperplasia findings in the perineal  region to highlight 
the current concepts regarding the origin of the tumor 
at the unusual site. We think that the most likely source 
of phyllodes tumor in anogenital region and the various 
other proliferative  processes that show striking homology 
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with lesions occurring in the normal breast is anogenital 
mammary-like glands. We would like to note that these 
lesions can be accompanied with the special morphological 
appearance of pseudoangiomatous stromal hyperplasia, 
complicating evaluation of the stromal component. 
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ABSTRACT

Chondrolipomas are mesenchymal tumors that found as mature cartilage tissue in a fat tissue. A 2-year-old boy was seen with a complaint of a 
mass of the neck. On physical examination of the child, there was a one-centimeter mass above the sternocleidomastoid muscle on the lateral 
neck. Pathological examination of this mass after excision was reported as chondrolipoma. Chondrolipomas are seen mostly in the breast and in 
the adult. They are rare tumors of the head and neck area and seen mostly the in oral cavity here. This is the first case of chondrolipoma with this 
age and localization combination in the literature. Chondrolipoma should therefore also be considered in the differential diagnosis of congenital 
masses located at lateral cervical area. 

Key Words: Congenital, Head and neck neoplasms, Childhood, Mesenchymal
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INTRODUCTION

Chondrolipoma is a benign mesenchymal tumor where 
mature chondroid areas are observed as a result of 
cartilaginous metaplasia in lipoma (1). Chondrolipomas 
are most frequently seen in the breast and rarely in the 
head and neck region and are most commonly found in 
adults in the fifth and sixth decade (2,3). Chondrolipoma 
has previously been identified in head and neck area in 
the childhood in two cases in the literature (4,5). It is most 
commonly in the oral cavity and nasopharynx in the head 
and neck region and this is the first case in the literature it 
has involved the neck region soft tissue in a child. Although 
rare, chondrolipoma should be considered in the differential 
diagnosis of congenital lateral neck masses. 

CASE REPORT

A boy aged 2 years and 7 months was brought to our clinic 
due to a pea-sized swelling of the right side of the neck that 
had been present since birth. The prenatal and postnatal 
history of the patient who was born as one of triplets with 
C/S birth at 35 weeks and a birth weight of 1170 grams was 
unremarkable. Ear, nose and throat examination findings 
were normal and a mobile and palpable hard mass about 
1 cm in diameter was located in the 1/3 bottom part of 
the sternocleidomastoid (SCM) muscle on the right side 
of the patient’s neck. A subcutaneous hyperechoic lesion 
8 mm in diameter at the bottom level of the right SCM 

compatible with a ruptured sebaceous cyst was reported 
in the ultrasound performed at the radiology department. 
Excision under sedoanalgesia was therefore planned. 
After an incision in the overlying skin, a lesion with a 
hard cream-colored capsule was totally removed over the 
SCM muscle. On macroscopic examination of the mass 
there was a gray cream-colored solid mass with semi-rigid 
appearance 0.8x0.6x0.4 cm in size and the histopathological 
examination revealed well-defined mature cartilage 
islands inside mature fat areas surrounded with a fibrous 
capsule. The diagnosis was chondrolipoma (Figure 1,2). no 
recurrence was observed in the post-operative 15-month 
follow-up.

DISCUSSION

A large group of lesions are included in the differential 
diagnosis of congenital childhood masses of the neck, 
especially in the lateral cervical region (6). Most of these 
lesions can be differentiated by their pathology (Table I). 
Muscular fibrosis due to birth trauma was thought to be 
present in this case at first with a solid mass of 1 cm on 
the SCM. However, the appearance during surgery, and the 
hard mass with a smooth surface that was encapsulated and 
yellow in color suggested intramuscular lipoma. Congenital 
masses of this kind that are localized at the lateral cervical 
spine region can be confused with an intramuscular lipoma 
and lesion named olive due to torticollis in the SCM (7,8). 
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no torticollis was present in our case and the surgical 
observation and pathological diagnosis did not support 
an olive lesion due to torticollis. Chondrolipoma shows a 
different pathology appearance from intramuscular lipoma 
with the presence of mature cartilage islands. 

Two mechanisms are accused in the pathogenesis of 
chondrolipoma; one is the formation of fat tissue as a result 
of cartilage and bone metaplasia due to mechanical stress 
or malnutrition. Chondrolipomas close to the bone or 
joint can develop in this way (9,10). The second theory is 
the development of the cartilage tissue inside fat tissue as a 
result of the transformation of multipotent cells to cartilage 
inside the mesenchyme. Chondrolipomas that develop in 
this way can be seen anywhere in the body where lipomas 
may be located and it may not be necessary to wait for many 
years for their development (10). The second theory was 
thought to be more valid in the formation of the congenital 
mass in this case. It is understood that this cartilage 
metaplasia can also be congenital from a single case where 
several immunohistochemical markers were examined in 
the literature (11). Growth factor related proteins such as 
growth factor-β, latent growth factor-β binding protein-1 
transforming, and bone morphogenetic protein have 
been reported to help understand the pathophysiology 
of chondrolipoma in this study. Unfortunately no 
immunohistochemical study could be performed in this 
case as with almost all head and neck region chondrolipoma 
cases in the literature. 

Chondrolipomas are treated by surgical excision (10). no 
recurrence was found in the 15-month follow-up after total 
excision in our case, in accordance with the literature. despite 
their characteristic pathology appearance, chondrolipomas 
can be confused with different variants of lipomas. They 
can especially be be confused with chondroid lipoma and 
chondroma of soft tissue (2,9,12). The most important 
feature in the differential diagnosis with chondroid lipoma 
is the mature real hyaline cartilage tissue inside the normal 
fat tissue in chondrolipoma (2,12). There is no real hyaline 
cartilage in chondroid lipoma and the mature fat cells are 
dispersed in a chondromyxoid/myxohyaline matrix.

In conclusion, a different lesion was added to the list of 
differential diagnosis of congenital masses in the neck in 
childhood with this chondrolipoma case in a previously 
unidentified location. Besides, the congenital presence 
of this mass will support the theory of formation of 
cartilage in fat tissue for chondrolipoma and guide 
future immunohistochemical studies to determine its 
pathogenesis.

Figure 1: Mature cartilage islands in areas of lipoma surrounded 
by a thin fibrous capsule, (H&E x40).

Figure 2: Mature cartilage islet within the area of lipoma at larger 
magnification (H&E x100).

Table I: Congenital masses located in the lateral neck

Cyst or fistula from the first branchial cleft 
Cyst or fistula from the second branchial cleft 
Thymic Cyst
Cystic Hygroma
“Olive” due to muscular torticollis
Infantile desmoid fibromatosis 
Intramuscular lipoma 
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ABSTRACT

Pancreatoblastoma, rarely encountered in the literature, is a malignant exocrine tumor seen in the pancreas. A 5-year-old boy suffering from 
abdominal pain was sent to our institute for further examination and treatment. Clinical examination was normal but for a palpable abdominal 
tumor mass. Abdominal Doppler ultrasonography showed a mass with well-defined margins within the body of the pancreas. Laboratory tests, 
including lactic dehydrogenase, alpha-fetoprotein and cancer antigen 125 were abnormal. The tumor invading the splenic vein and transverse 
colon was removed totally. We observed a hypercellular tumor in histopathological examination. The tumor had epithelial acinar cells and 
squamoid morules (corpuscles) separated by stromal bands. Adjuvant chemotherapy was used after surgery. However, the patient died 14 
months later. All data about pancreatoblastoma have to be collected in order to choose the treatment to elucidate the molecular pathogenesis of 
the tumor, to diagnose it early and to develop target-specific treatments.
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INTRODUCTION

In childhood, exocrine pancreatic tumors are unusual 
diseases (1). recently, there is a growing interest in these 
unusual tumors along with the advances in the therapeutic 
concepts. Pancreatoblastoma (PB) arises in pancreas and 
is reported with an annual incidence of around 0.004 
new case per 100,000 population (2). PB is a rare tumor; 
nevertheless, it is among the most common malignant 
neoplasms in pancreas (3). PB is frequently seen in 
childhood, but it may occur at any stage of life; nevertheless, 
adults and fetus appear to be free from this disease (4,5). PB 
is seen more often in females than males (3). Although this 
tumor was formerly known as “infantile carcinoma of the 
pancreas”, Horie et al. (6) named the tumor PB in 1977. PB 
is composed of squamoid corpuscles and acinar cells with 
zymogen granules and these cells form an organoid pattern 
containing lobular structures (1). The above-mentioned 
appearance resembles fetal pancreatic tissue. Alpha-
fetoprotein (AFP) is the tumor marker used most often 
in PB (7). The biological behavior of PB in children is less 
aggressive but local invasion, recurrence, and metastasis are 
frequently seen (8). Although the surgical approach for PB 
is not standardized, total resection is so far the only choice 
for treating these patients (9).

CASE REPORT

A 5-year-old boy suffering from abdominal pain was referred 
to our institute for further examination and treatment. 
Three days earlier, he had been examined for abdominal 
pain elsewhere and abdominal ultrasonography (US) had 
identified a solid heterogeneous mass measuring 11 cm in 
diameter close to the left kidney, together with three solid 
hypoechoic metastatic masses measuring 28 mm, 25 mm 
and 15 mm in the liver left lobe, respectively. The initial 
diagnosis was germ cell tumor. Clinical examination was 
normal in our hospital except for a palpable abdominal 
tumor mass. He had no co-morbidities and his medical 
history revealed nothing of significance. Laboratory tests 
showed that hemoglobin was 9.4 ng/ml, hematocrit 28%, and 
lactic dehydrogenase 833 ng/ml. Abnormal tumor markers 
levels including alpha feto protein (AFP) of 55117 ng/ml, 
and carcino embryonic antigen 125 835 ng/ml were present 
while human chorionic gonadotropin-beta was normal. 
Abdominal Doppler US showed a mass in the body of the 
pancreas which had well-defined margins and measured 
11x8 cm. The tumor was solid but it also contained a hyper 
echoic component. Computed tomography identified 
a solid heterogeneous mass measuring 11x10x8 cm in 
diameter (Figure 1).
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The tumor invading the splenic vein and transverse colon 
was removed totally (Figure 2). On gross examination, 
the perforated capsule surrounding the tumor was seen. 
The tumor measured 12.5x12x6 cm. On cut section 
there was hemorrhage and also necrosis. We observed a 
hypercellular tumor in the histopathological examination. 
The tumor had cell clusters separated by stromal bands 
and composed of squamoid morules (corpuscles) and 
epithelial acinar cells. An increase in the nucleus/cytoplasm 
ratio and nucleomegaly were seen in the epithelial cells 
that had a pancreatic acini-like pattern. Although the 
nuclear membranes of the neoplastic cells were regular, 
coarse chromatin and multiple conspicuous nucleoli were 

observed and the cells had a pale eosinophilic cytoplasm. 
Squamoid corpuscles were seen in many clusters of tumor 
cells. In the squamoid corpuscles, the epithelioid cells were 
plump and contained dense eosinophilic cytoplasm (Figure 
3). Immunohistochemically, the neoplastic cells were 
positive with alpha-1-antitrypsin but showed no staining 
with WT-1, monoclonal carcinoembryogenic antigen 
or Tag72. CD10 and fascin were positive in squamoid 
corpuscle cells. Nuclear and strong cytoplasmic staining for 
ß-catenin (Figure 4) was seen in squamoid corpuscle cells 
but non-neoplastic pancreatic acini showed the expected 
membranous and faint cytoplasmic staining. In addition, 
chromogranin A and synaptophysin showed positivity 

Figure 1: Computed tomography identified a solid heterogeneous 
mass measuring 11x10x8 cm in diameter close to the left kidney.

Figure 2: The tumor invading the splenic vein and transverse 
colon was totally removed. Gross pathologic examination showed 
an encapsulated tumor and measuring 12.5x12x6 cm in diameter.

Figure 3: Squamoid corpuscles were seen in many clusters of 
tumor cells. In the squamoid corpuscles, epithelioid cells were 
plump and also had a dense eosinophilic cytoplasm (H&E; x20).

Figure 4: Immunohistochemically, nuclear and cytoplasmic 
staining were seen in the neoplastic cells for ß-catenin (ß-catenin; 
x20).
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As already known, both the pancreas and the liver stem 
from the same primitive cells (12). Therefore, the fact that 
serum AFP levels are increased in PB cases is not surprising, 
as in hepatoblastoma (7). Some authors reported a loss of 
heterozygosity (LOH) on chromosome 11 in PBs (13,14). 
According to Kerr et al. (14), although extensive LOH of the 
chromosome 11 encompassed the WT-1 gene, mutations 
were not detected in WT1 gene exons. Abraham et al. (13) 
observed somatic mutations in the APC/ß-catenin pathway 
but they did not detect any changes in the p53 and K-ras 
genes. Also, they postulated that a significant correlation 
was detected between immunohistochemical ß-catenin 
positivity and the APC/ß-catenin gene alterations (13). 
The molecular and immunohistochemical studies suggest 
that most PBs exhibit typical genetic alterations and they 
are similar to other embryonal tumors such as acinar 
cell carcinoma and hepatoblastoma (12-15). In our case, 
immunohistochemically, ß–catenin positivity and WT-1 
negativity resemble the data in the literature. molecular 
studies in large series may help elucidate the pathogenesis 
of PB. 

The radiological differential diagnosis includes pancreatic 
cystic neoplasm, ductal adenocarcinoma, acinar cell 
carcinoma, nonfunctioning endocrine pancreatic tumors, 
solid pseudo papillary tumors, peripancreatic and 
pancreatic lesions, especially tuberculosis and autoimmune 
pancreatitis (4,16). In early childhood, the spectrum of 
differential diagnosis is wide when it cannot be clearly 
seen that the tumor arises from the pancreas (11). The 
tumors that must be considered first are Wilms tumor, 
neuroblastoma, hepatoblastoma, and other primary liver 
tumors (12,13). Acinar cell carcinoma and PB have similar 
histopathological and radiologic appearances (1,11). 
However, PB usually occurs in the first decade of childhood, 
whereas acinar carcinoma is encountered in older patients. 
moreover, squamoid corpuscles are typical in PB but they 
do not exist in acinar cell carcinoma (1,12).

Clinicopathologic features, treatment and prognosis of 
PB were evaluated in the paper by Dhebri et al. (17). 
They reported that 78% of the 153 patients were under 10 
years. The symptoms and signs were like those described 
in other articles  (10,18).  moreover, 17% of their patients 
had metastatic disease at the time of diagnosis. The study 
of Dhebri et al. (17) showed that the 5-year survival rate 
of patients after total resection was 65% whereas median 
survival of their patients with non resectable disease at 
the time of diagnosis was 36 months. Furthermore, all of 
these patients died before 40 months. According to their 
study, the best choice of treatment is complete resection. If 

in a few endocrine cells. Typical histological features and 
immunohistochemistry were suggestive of the diagnosis 
of PB. After surgery, AFP levels decreased to 72.6 IU/
ml gradually. Adjuvant chemotherapy was used as of the 
14th day after surgery. The chemotherapy regimen was as 
follows: every fifteen days; cisplatin 80 mg/m2, 24 hours 
constant infusion; carboplatin 500 mg/m2, 1-hour infusion 
and doxorubicin 60 mg/m2, 48 hours constant infusion. On 
the postoperative 43rd day, metastatic lesions in the liver 
were stable and there was a recurrent mass in the pancreas 
region. With these findings, we concluded that the disease 
had progressed. The chemotherapy regimen was changed 
to carboplatin 400 mg/m2/day, intravenous, 1-day infusion 
for 2 days; ifosfamide 1800 mg/m2/day, intravenous, 1-day 
infusion for 5 days; etoposide 100 mg/m2/day, intravenous, 
1-day infusion for 5 days. The radiological evaluation after 
6th chemotherapy regimen revealed that the recurrent mass 
in the pancreatic region had disappeared and metastatic 
lesions in the liver had regressed. However, an operation was 
not considered in the case of this patient as the metastatic 
lesions in the liver were multiple and unresectable. The 
chemotherapy was therefore continued. Severe neutropenia 
and progression in the metastatic lesions in the liver 
were detected during the evaluation following the 9th 
chemotherapy regimen, The treatment was discontinued 
upon the request of the parents. The patient died on the 
14th month following the operation.

DISCUSSION

Pancreatoblastoma (PB) is an unusual malignant exocrine 
tumor arising in pancreas (1). There have been approximately 
200 cases in literature since Becker described PB in 1957 (3). 
PB is frequently seen in Asians, females and childhood as in 
our case (10). It may stem from any part of the pancreas. This 
tumor was divided into two categories by Horie et al. (6) as 
right-side tumors and left-side tumors. According to Horie 
et al. (6), the right-side tumors arise from the primordial 
ventral pancreas, do not contain calcification and islet cells, 
are usually well-encapsulated and have a better prognosis. 
However, the left-side tumors arise from the primordial 
dorsal pancreas, contain calcification and islet cells, have 
no encapsulation, and indicate a poorer prognosis than 
right-side tumors (6,11). The tumor in our patient has the 
features of a left-side tumor because it arose from the body 
of pancreas, contained islet cells and had a poor prognosis. 
However it also had the features of a right side tumor as 
it was well-encapsulated and did not show calcification. 
Larger series are needed in order to understand the clinical 
and prognostic significance of the tumors that have mixed 
features as in our case.
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the tumor is unresectable, PB is treated with chemotherapy 
(17,19). Although vincristine, doxorubicin, etoposide, 
cyclophosphamide, cisplatin and adriamycin have turned 
out to be effective chemotherapeutic agents, there are no 
established or proven chemotherapy regimens (19). The 
efficiency of neoadjuvant chemotherapy was not clearly 
proven in any studies (17). New studies with larger series 
are still needed. Our patient underwent chemotherapy that 
contained two different groups of medicine for 12 cycles. 
The first group contained carboplatin, doxorubicin and 
cisplatin and early relapse and progression were detected 
during this treatment. The second group contained 
ifosfamide, carboplatin and etoposide. regression was 
found during the 6 courses of chemotherapy but the disease 
then progressed. Data on the basis of similar cases are 
needed in order to determine the alternative treatment 
options and the efficiency of the chemotherapy treatments.

According to SEEr data (1973-2004), median survival in 
PB is 193 months and the 15-year survival rate is 75% but 
the initial tumor stage was not reported in this study (2).  
Our patient had metastatic disease at the time of diagnosis. 
Although the primary tumor was completely resected in our 
patient, metastatic lesions in the liver could not be resected. 
While the first chemotherapy regime was inefficient, 
response to the second chemotherapy regimen was limited. 
When these findings were assessed together with literature, 
early diagnosis and complete resection of the tumors seem 
to be important in order to decrease the tumor load and to 
increase the response to treatment.

All data about PB have to be collected in order to choose 
the treatment to elucidate the molecular pathogenesis of 
the tumor, to enable early diagnosis, and to develop target-
specific treatments.
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ABStRACt

The most common site of primary malignant melanoma is the skin, however, virtually any organ system may be involved. Metastatic melanoma 
of unknown primary origin accounts for approximately 2-6% of all melanoma cases. The mediastinum as the site for malignant melanoma is 
extremely rare, both as a primary or metastatic lesion. Primary malignant melanoma of mediastinum is very rare with only a handful of reports 
in the literature. we hereby report a rare case of malignant melanoma of mediastinum in a 31 year old male who was initially misdiagnosed on 
fine needle aspiration cytology as adenocarcinoma for which he received chemotherapy with clinical deterioration. even on extensive meticulous 
search, no primary was discovered.

Key Words: Malignant melanoma, Neoplasm of unknown primary, Mediastinal neoplasm

INtRODUCtION

Primary Malignant melanoma (MM), although 
predominantly a tumor of skin, can occur at almost any 
site in the body where nevus cells/ melanocytes are found. 
Moreover, MM has a very high tendency for metastasis. 
Metastatic melanoma of unknown primary origin (MUP) 
accounts for approximately 2-6% of all melanoma cases (1). 
Mediastinum as the site for MM is extremely rare, both as 
a primary or a metastatic lesion. On search of literature, 
we came across a limited number of reports of mediastinal 
malignant melanoma (2-6). To label a melanoma as MUP, 
thorough history, physical examination and extensive 
investigative workup is required to exclude a primary MM. 
we hereby report a rare case of MM of mediastinum in a 
31-year-old male in whom no primary was discovered even 
after meticulous search.

CASe RePORt

a 31-year-old male presented with dry cough and chest 
pain associated with weight loss. Six months back the 
patient was investigated for similar complaints and a right 
parahilar mass measuring 8x6cm was detected in the 
anterior mediastinum. Computed tomography guided fine 
needle aspiration cytology (FNaC) performed at a private 
centre was suggestive of adenocarcinoma. The patient was 
given 6 cycles of chemotherapy (paclitaxel and carboplatin) 
but did not show any symptomatic improvement and then 
presented to our hospital. 

On examination, the patient was of average build with no 
lymphadenopathy, pallor, icterus or cyanosis. a contrast-
enhanced computed tomography (CeCT) of the thorax and 
abdomen was performed and revealed a large, irregular, 
heterogeneously-enhancing soft tissue density mass lesion 
in the anterior mediastinum, predominantly on the right 
side. The lesion measured 10.7 x 9.9 x 10.7 cm and showed 
necrotic areas with few foci of calcification with extension 
from the level of the arch of aorta superiorly to the level 
of the diaphragm (Figure 1). The rest of the visceral 
organs were unremarkable. levels of tumor markers like 
carcinoembryonic antigen, Ca 19.9, alphafetoprotein and 
beta-human chorionic gonadotrophin were within the 
normal range. a Tru-cut biopsy was performed from the 
mediastinal mass. 

Microscopically, the tumor was composed of round to oval 
cells with moderate amount of cytoplasm with melanin 
pigment in many cells. Nuclei were moderately pleomorphic 
with coarse chromatin and inconspicuous nucleoli (Figure 
2). Mitotic rate was 5-6/10 high power fields. Focal areas 
of necrosis were also observed. Possibility of malignant 
melanoma was suggested. Immunohistochemistry revealed 
positive immunostaining for vimentin, HMB-45, S-100 
while negative results were obtained with cytokeratin 
and CD 45. Neuroendocrine markers like neuron specific 
enolase (NSe) and chromogranin were also negative. a 
final diagnosis of malignant melanoma was established. 
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a meticulous search for primary was conducted through 
examination of the entire skin, eye, genitalia and anal canal. 
There was no history of any prior surgical resection of a 
mole. Chest X-ray and thoracic and abdominal CeCT did 
not reveal any lesion in any of the visceral organs. Upper 
gastrointestinal tract endoscopy and rectosigmoidoscopy 
were also performed and were within normal limits. a 
diagnosis of melanoma of unknown primary was therefore 
established.

The mass was large and unamenable to surgical resection. 
The option of chemotherapy was not explored as the 
patient had not responded to chemotherapy given prior 
to biopsy and MM is not a chemosensitive disorder. The 
patient was put on immunotherapy with close follow-up. 
CT scan performed three months later showed a large 
space-occupying lesion in the liver. The patient expired one 
month thereafter.

DISCUSSION

Malignant melanoma accounts for 1.5% of all cancers 
with increasing prevalence over the last decade. The most 
common site of primary MM is the skin but virtually 
any organ system where melanocytes/nevus cells may be 
encountered can become involved. although primary MM 
has been reported in the bronchus, brain, gastrointestinal 
tract and rectum, melanomas at sites other than skin are 
usually secondary deposits. This is due to a high tendency 
of melanomas to metastasize (3). 

The mediastinum as a site for malignant melanoma is 
extremely unusual either as a metastatic deposit or as a 
primary. Primary MM of the mediastinum is very rare with 
only  a handful of reports in the literature (2-6). The differential 
diagnoses for melanotic tumors of the mediastinum include 
pigmented extra adrenal paraganglioma, pigmented 
carcinoid tumor of thymus, melanotic schwannoma, 
melanotic neuroectodermal neoplasm and primary 

Figure 2: Photomicrograph show-
ing round to oval tumor cells with 
moderate amount of cytoplasm 
with melanin pigment in many 
and moderately pleomorphic 
nuclei with coarse chromatin 
(H&e; x400); inset top left 
immunohistochemistry for HMB 
45 was positive, inset bottom left 
immunohistochemistry for S-100 
was positive.

Figure 1: Chest CT revealed a large, irregular heterogeneously-
enhancing soft tissue density mass lesion in the anterior 
mediastinum, predominantly on right side. 
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MM (5). Melanotic schwannoma and MM can not be 
distinguished even on immunohistochemistry as both are 
strongly positive for S-100, HMB-45 and melan a. The light 
microscopic features favouring melanotic schwannoma 
include circumscription without encapsulation, high 
cellularity, a predominance of spindle cells, which are 
heavily pigmented and arranged in whorls or palisades 
and a lack of cytological atypia or mitoses, contrary to the 
findings in the present case (7).

The diagnosis of pigmented extra adrenal paraganglioma 
is supported by an organoid or zellballen pattern and 
positivity for S-100, NSe, chromogranin and synaptophysin. 
absence of these features helped in ruling out this entity 
in our case. Melanotic neuroectodermal neoplasm is 
characterised by an admixture of large melanocyte like 
cells and smaller neuroblast like cells, infrequent mitoses 
and positivity for cytokeratin, NSe, HMB-45 and S-100 on 
immunohistochemistry.

when the site of origin of a histologically documented 
carcinoma is not identified clinically, this is referred to as 
carcinoma of unknown primary origin or occult primary 
malignancy. The majority of cases of carcinoma of unknown 
primary are adenocarcinomas or undifferentiated tumors; 
less commonly, squamous cell carcinoma, melanoma, 
sarcoma, and neuroendocrine tumors are seen. In 
approximately 15% to 25% of patients, the primary site 
cannot be identified even at postmortem examination (8). 

Metastatic melanoma arising from unknown primary origin 
was first described in 1952 (9). MUP accounts for 2-6% of all 
melanomas. These may be seen as subcutaneous nodules or 
lymph node metastases. Very rarely, simultaneous visceral 
metastasis may be detected at diagnosis (1).

MUP can be explained by the following hypothesis: 
1- De novo melanoma can originate from malignant 
transformation of ectopic melanocytes/ nevus cells; 
2- Complete regression of the primary melanoma after 
metastasis has taken place (10).

MUP were extensively studied for the first time by Das Gupta 
et al. (11) in 47 patients from a total of 992 melanoma cases 
(3.7%). They laid down certain criteria for the diagnosis of 
MUP: 1- Normal findings on eye, rectum and genital region 
examination, 2- the following should be excluded: history 
of orbital enucleation, any previous surgery for skin lesions 
like nevus etc., especially in a region of skin with drainage 
to the involved lymph nodes.

Schlagenhauff et al. (1) gave recommendations for initial 
staging examinations in patients with MUP. according to 
them, initial search for the primary should be restricted to 
an inspection of entire skin surface and adjacent mucosa 

as well as detailed examination of the areas drained by 
involved lymph nodes. Chest X ray / computed tomography 
(CT), abdominal ultrasound (USG) / CT, USG of regional 
lymph nodes and CT / magnetic resonance imaging (MRI) 
of brain were generally recommended in all cases of MUP. 
Further specific investigations were indicated depending 
upon the location of MUP.

when corresponding stages were compared, the survival of 
patients with melanoma of unknown primary was found to 
be similar to that of patients with known primary (12). On 
the contrary, Schlagenhauff et al. (1) observed a surprisingly 
high 5 year survival rate of 83% in patient with stage IIIa 
disease. However, unfavourable prognosis was observed in 
patients with stage IV disease and MUP.
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ABSTRACT

Hydatid disease is a zoonotic disease caused by the parasite echinococcus granulosus. This infection frequently infects the liver and the lung 
and even in endemic regions rarely occurs in the head and neck region. This is also true for the parotid gland. The diagnosis relies on imaging 
techniques and the medical history. Another method that is helpful in the diagnosis is serological tests. Fine-needle aspiration biopsy is usually 
not recommended due to the potential risk of anaphylactic shock or spreading of daughter cysts. The preferred treatment method of hydatid cysts 
in the salivary gland is surgical excision. We introduce a rare case of hydatid cyst in the parotid gland diagnosed preoperatively by fine-needle 
aspiration biopsy and discuss the differential diagnosis.
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INTRODUCTION 

echinococcus granulosus (e. granulosus) causes hydatid 
disease, which is a momentous infection and still common 
in Mediterranean countries (1). The liver is the most 
frequently (65%) involved organ, but the infection also 
shows a multi-organ involvement, particularly in the lung, 
spleen, kidneys, heart, bone, and central nervous system 
(2). In the life cycle of the parasite, dogs (and other canines) 
are the definitive hosts and a variety of organisms such as 
sheep, goats, horses, and humans are the intermediate hosts. 
Intermediate hosts ingest eggs by the faecal-oral route and 
the embryos are released in the small intestine and then 
enter the portal circulation and travel to visceral capillary 
beds, usually the liver or the lung, and develop into cystic 
lesions. However, several eggs may pass through the liver 
to the systemic circulation and heart and localize in many 
organs and areas such as the orbit, heart, and bladder (3,4). 

salivary gland lesions have traditionally been investigated 
by fine-needle aspiration biopsy (FnAB). This is a simple 
technique that is well-tolerated by patients and hence can be 
performed repeatedly if required (5). However this method 
has been used as a diagnostic procedure for hydatid cyst 
based on a case series involving different organs and many 
single case reports (6). 

The head and neck region and especially the parotid gland 
is an infrequent localisation for hydatid cyst, even in 
geographical areas where echinococcosis is endemic. such 

involvement was first reported in 1947 by Martini and there 
have only been a few case reports in the english literature ever 
since (7-9). It is generally not considered in the differential 
diagnosis of parotid lesions preoperatively as it is a rare 
entity in this localisation. Herein, we present hydatid disease 
localised in the parotid gland and discuss the preoperative 
diagnosis with FnAB and the differential diagnosis.

CASE REPORT

A 54-year-old woman presented at the otorhinolaryngology 
clinic with a complaint of rapidly growing mass in the left 
parotid gland for the last month that was accompanied by 
mild pain. There was no record of fever or weight loss within 
this time and nothing else remarkable in the history. Physical 
examination revealed a 3×2 cm irregular semimobile mass 
in the left parotid gland. Ultrasonographic examination of 
the neck region showed an unechoic well-defined, circular 
mass with acoustic enhancement in the left parotid gland. 
FnAB was performed under ultrasonographic control. 
serous fluid was aspirated from the mass, indicating that 
the mass was cystic and most likely benign. The first FnAB 
of the lesion yielded no definitive diagnosis. Psammoma-
like bodies were seen in the cytology specimen and renewed 
aspiration was recommended for the final diagnosis (Figure 
1). The second aspiration showed scolices, hooklets, 
inflammatory cells and histiocytes (Figure 2, 3), and was 
reported as hydatid cyst. The re-examination of the first 
aspiration revealed that the psammoma like bodies were 
the protoscolex of the parasite. 
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Computed tomography (CT) scan of the thorax, 
ultrasonography (UsG) of the abdomen, and urologic 
examination were performed to rule out the contingency of 
dissemination into the viscera, and revealed no involvement 
of extracervical sites. The clinician therefore decided to 
remove the mass. During surgery, the cystic lesion has 
replaced most of the inferior part of the left parotid gland, 
and frozen-section studies confirmed the diagnosis of 
hydatidosis (Figure 4). superficial parotidectomy was 
therefore performed. Light microscopic examination with 
clear evidence of hydatid scolices and laminated membrane 
verified the preliminary diagnosis of hydatidosis (Figure 5). 
Albendazole therapy was administered for 2 months after 
the operation with liver enzyme and blood count follow-
up. The patient was asymptomatic with no recurrence of the 
hydatid cyst at the 1-year follow-up.

Figure 5: Laminated membrane between inflammatory cells 
(H&e; x200).

Figure 4: Typical laminated membrane of the cyst replaced most 
of the inferior part of the parotid gland. 

Figure 3: Hooklets between inflammatory cells and histiocytes 
(MGG; x400).Figure 2: scolices (Papanicolaou; x100).

Figure 1: Psammoma like bodies, arrows (Papanicolaou; x100).
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attention in the past but there are also a large number 
of articles indicating that diagnosing hydatid disease 
cytologically is a safe procedure without complications (19). 

Only one case of cervical hydatid cyst that developed an 
anaphylactic reaction during the FnAB procedure has been 
reported so far. Although there are so few reported cases of 
allergy, adequate emergency precautions should always be 
taken to overcome these situations (20). Clinicians should 
be aware of the possibility of the cervical localisation 
of the hydatid cyst and should avoid biopsy procedures 
before surgery due to the minimal but dangerous risks. no 
anaphylactic reaction was observed in our case and this is 
the first case of hydatid cyst located in the parotid gland 
diagnosed by FnAB to the best of our knowledge. 

Hydatid cyst uncommonly occurs in the head and neck 
region but it should be considered in the differential 
diagnosis of cervical masses, especially in endemic areas. 
Imaging methods such as UsG, CT, and MrI play an 
important role in the diagnosis of hydatid disease. However, 
the initial diagnosis was made by FnAB in our case. 
Although the technique helps make the diagnosis before 
surgery, the risk of causing an anaphylactic reaction should 
always be kept in mind. 
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Intra-Articular Glomus Tumor– A Rare Presentation

To the Editor,

Glomus tumors are rare, benign, vascular painful swellings 
arising from glomus bodies. They represent less than 1.6% 
of all benign soft tissue neoplasms (1), are usually found 
between ages 30 and 50 years and are more common in 
women than men with a ratio of 2:1 (2). They are commonly 
seen in the subungual region of digits but ectopic locations 
are not uncommon (3). Other rare locations include the 
extremities, trunk, and even the viscera. The forearm is the 
most common extra digital location and the shoulder and 
back the least common sites of involvement by this tumor. 
In the shoulder area, glomus tumor has been reported to 
arise from bone (scapula), muscle (deltoid muscle) and soft 
tissue (4). 

A 38-year-old lady presented with gradually progressive, 
non-radiating pain in the right shoulder with stiffness for 10 
years. The pain was aggravated on movement and relieved 
on rest with no past history of trauma/swelling. The routine 
blood tests were normal. Magnetic Resonance Imaging 
(MRI) with contrast revealed an intensely-enhancing well-
defined loculated intra-articular mass in the right shoulder 
joint without calcification that was causing scalloping 
in the humeral head without any marrow edema (Figure 
1A,B). The differential diagnosis considered was a synovial 
sarcoma or an intra-articular giant cell tumor of the tendon 
sheath. Surgical excision of the tumor was performed 
and the tumor pieces were curetted and removed. The 
tumor pieces altogether measured approximately 3 cm in 
diameter. Histopathology revealed a variegated lesion, 
with sheets of small bland monomorphic cells having a 
well-defined cytoplasm interspersed by variable calibre 
thin walled blood vessels, some with branching, staghorn 
pattern (Figure 1C-E). Immunohistochemistry showed 
these cells to be positive for vimentin (Figure 1F), smooth 
muscle actin (SMA) (Figure 1G), and caldesmon (Figure 
1H) but negative for synaptophysin (Figure 1I), CD31 
(Figure 1J) and S-100 (Figure 1K). The histopathology and 
immunohistochemical profile of the tumor were consistent 
with an intra-articular glomus tumor. The patient’s pain 
and stiffness resolved completely after surgical removal of 
the mass. The patient was lost for follow-up. 

These rare slow-growing pericytic tumors are seen 
commonly in the distal extremities. Glomus tumor 
presenting intraosseously is rare and only 22 cases of 
primary intraosseous glomus tumor have been reported 
in the world literature (4). Recurrence is noted due to 
inadequate excision. The diagnosis of glomus tumor should 
be kept in mind in cases with chronic shoulder pain with 
swelling.
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Figure 1:  a,B) MRI 
showing intensely-enhancing 
well-defined loculated 
intra-articular mass in 
the right shoulder joint 
without calcification causing 
scalloping in the humeral 
head without any marrow 
edema. C-E) Histopathology 
revealed sheets of small 
bland monomorphic 
cells having well-defined 
cytoplasm interspersed by 
variable calibre thin walled 
blood vessels, some with 
branching, staghorn pattern 
(H&E; x100, x200, x400). 
F) Vimentin positivity 
in tumor cells (vimentin; 
x100). G) SMA positivity 
in tumor cells (SMA; x100). 
h) Caldesmon positivity 
in tumor cells (Caldesmon; 
x100). I) Tumor cells are 
negative for synaptophysin 
(synaptophysin; x100). 
j) Tumor cells are negative 
for CD31 (CD31; x100) and 
K) Tumor cells are negative 
for S-100 (S-100; x100). 

a

C

F

I

B

d

G

j

E

h

K


	2017mayıskapak
	0-ön sayfalar
	1-6385-Olca Basturk
	2-6498-nuray can
	3-5604-Zeynep Tosuner
	4-4460-ruchi rathore+
	5-6283-muthu sudalaimuthu
	6-6032-ilknur cetinaslan turkmen
	7-4867-Serenat Eris
	8-6160-Rohit Arora
	9-3101 nuket eliyatkin
	10-3010 fulya ozer
	11-3045-asuman argon
	12-4189-Jetley Sujata
	13-3240-Tuba Kara
	14-6293-ritesh sachdev

