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vii

 The conception of this volume originated from the cumulative experience in resolving 
 diagnostic challenges in our daily practice of intraoperative consultation of gynecologic 
pathology. Gynecologic tumors are among the most frequently encountered frozen section 
specimens in both academic and community practice settings, yet frozen section evaluation of 
gynecologic tumors often proves diffi cult because of the large number of disease entities and 
their numerous morphological variants. This book reviews the salient clinicopathologic, gross, 
and microscopic features of gynecologic neoplasms with special focus on indications, 
 limitations, and potential pitfalls of intraoperative frozen section consultation. Strategies to 
recognize key diagnostic features are emphasized along with discussion of the impact of fro-
zen section diagnosis on the clinical decision-making process at the time of surgery. The book 
intends to provide detailed practical guidance for intraoperative consultation for pathologists 
at all career/expertise levels who are involved in frozen section evaluation in their daily clinical 
practice. 

 The general classifi cation of lesions in this book follows the 2014 WHO classifi cation of 
tumors of the female reproductive organs. The format of the book is a concise description of 
each entity, richly illustrated with high-quality fresh gross and frozen section microscopic 
images to aid the recognition of morphologic patterns and to serve as a quick reference during 
the intraoperative consultation. Entities frequently encountered for frozen section evaluation 
are covered in greater detail and are balanced with less common lesions. It should be 
 emphasized, however, that standard guidelines for the clinical practice of frozen section 
 evaluation are lacking. Trying to provide a uniform approach proves to be diffi cult, especially 
since indications for intraoperative frozen section consultation vary signifi cantly among 
 institutions and even among gynecologic oncologists within the same institution. 

 Without the luxury of ancillary study materials in frozen section diagnosis, we essentially 
go back to square one as traditional morphologists and rely on the diversity and quality of 
gross images and frozen section microscopic slides that are available to us. Indeed, this book 
has taken advantage of the superb collection of gynecologic pathology specimens provided by 
the outstanding gynecologic oncology service at Yale-New Haven Hospital. We extend our 
 appreciation to Dr. Brian West for his leadership in supporting the Yale Gynecologic Pathology 
Program. We acknowledge our pathology trainees for their effort in taking high-quality gross 
images of various gynecologic specimens in the past. Special thanks go to the technical staff 
in the frozen section diagnostic laboratory at Yale Smilow Cancer Hospital, as the readers will 
appreciate the quality of microscopic illustrations in this book, all of which were captured 
from authentic frozen section slides.  

    New Haven ,  CT ,  USA      Pei     Hui  ,   MD, PhD   
      Natalia     Buza  ,   MD      
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      Intraoperative Consultation 
in Gynecologic Pathology: Introduction       

                The Purpose of Frozen Section Evaluation 
in Gynecologic Pathology 

 The primary function of intraoperative consultation is to pro-
vide a tissue evaluation that is as accurate and prompt as pos-
sible and to effectively communicate the fi ndings to the 
operating surgeon to guide subsequent surgical management 
of the patient [ 1 – 4 ]. 

 To fulfi ll this function, the intraoperative pathology con-
sultant is expected to provide the following:

•    Evaluation of the presence of malignancy  
•   Assessment of the primary site, histological type, and 

grade of the tumor  
•   Assessment of the extent of local tumor invasion and dis-

tant metastasis    

 Less frequently frozen section evaluation is requested to 
assess tissue sample adequacy to accommodate the follow-
ing clinical or diagnostic considerations [ 2 ]:

•    Lesional tissue procurement for drug sensitivity and resis-
tance testing  

•   Lesional tissue procurement for ancillary diagnostic stud-
ies (molecular testing, karyotyping, electron microscopy, 
etc.)    

 Considerations to perform frozen section diagnosis may 
also include:

•    Preserving fertility  
•   Reducing anxiety of the patient and family  
•   Subsequent risk assessment for disease progression and 

prognosis  
•   Financial cost of treatment options    

 However, there is no standardized practice for surgeons in 
requesting intraoperative consultation. Indications for frozen 

section evaluation vary signifi cantly among institutions and 
even among gynecologic oncologists within the same institu-
tion. In principle, a request for intraoperative consultation is 
acceptable if a tissue sample is submitted with a question for 
an answer, upon which a real-time clinical decision has to be 
made for subsequent surgical or medical management of the 
patient [ 2 ,  5 ]. It is important that the frozen section remains 
relevant only in the context of broad medical knowledge of 
the pathologist and judicious utilization by the surgeon, both 
for the ultimate patient care [ 6 ].  

    Assessment and Sampling of Specimens 
for Frozen Section Evaluation 

 Prior to examination of the specimen, careful review of the 
clinical information and understanding of the clinical expec-
tations for frozen section are crucial for a successful intraop-
erative consultation. Many specimens are submitted for 
intraoperative consultation with a specifi c clinical question, 
which should guide the initial gross examination to identify 
the lesion of interest. When the clinical indication is unclear 
or the orientation of the specimen cannot be determined with 
certainty, prompt communication with the operating surgeon 
may be necessary to identify the lesion and to take appropri-
ate tissue sections for frozen section evaluation.  

    Interpretation of Frozen Section Findings 

 As a real-time engagement between surgeons and 
 pathologists, frozen section diagnosis frequently offers the 
most decisive consultation during surgery. Concordance 
between the frozen and the fi nal histological diagnoses 
ranges from 96.5 to 98.5 % in the general pathology practice 
[ 7 – 9 ] with mean and median concordance rates of 96.8 % 
and 97.4 %, respectively [ 8 ]. Common reasons for diagnostic 
discordance include misinterpretation of the frozen section 
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(interpretation error), presence of diagnostic tissue only on 
the permanent section of the frozen tissue block, and diag-
nostic tissue in the portion of the specimen not sampled by 
the frozen section (sampling error) [ 9 ]. 

 In diagnostic gynecologic pathology, frozen section eval-
uation is an important tool to assess the local tumor spread 
and therefore to guide intraoperative decision-making 
regarding the necessity of lymphadenectomy and/or omen-
tectomy for patients with endometrial cancer. High concor-
dance between the frozen section and fi nal permanent section 
diagnosis has been consistently reported with concordance 
rates of 88–89.9 % for tumor grade, 85.4–98.2 % for depth of 
myometrial invasion, 100 % for cervical involvement, and 
92.4 % for lymphovascular invasion [ 10 – 12 ]. In ovarian 
lesions, the overall accuracy of frozen section diagnosis 
ranges between 80.7 and 97.1 % for primary [ 13 ,  14 ] and 
between 78.8 and 90 % for metastatic tumors [ 15 ,  16 ]. 

 Although pathologists should make the best attempt to 
provide a diagnostic interpretation as precisely and quickly 
as possible, the frozen section evaluation cannot be thorough 
in many cases. The inherent limitations of frozen section 
diagnosis need to be carefully considered and communicated 
adequately between pathologists and surgeons. Signifi cantly 
different from routine pathology diagnosis using formalin- 
fi xed paraffi n-embedded tissue preparations, frozen section 
evaluation is limited by suboptimal tissue quality, tissue pro-
cessing (freezing and cutting) artifacts, often different tissue 
staining qualities, time restraints, and lack of ancillary study 
tools. Other signifi cant factors affecting intraoperative con-
sultation include the pathologist’s experience, the need of 
consulting additional pathologist(s)/subspecialty patholo-
gist, involvement of pathology trainees, availability of pre-
operative diagnostic materials, concurrent multiple frozen 
sections, and technical issues (e.g., instruments, technical 
skills of the staff) [ 17 ].  

    Strategies for Successful Intraoperative 
Consultation 

•     Understanding the clinical history, reasons for frozen sec-
tion diagnosis, and surgical management algorithm.  

•   Requesting and reviewing relevant prior specimens of the 
patient before the surgery.  

•   Thorough examination of the gross specimen and appro-
priate sampling for frozen section evaluation.  

•   Providing concise frozen section diagnosis followed by 
effective communication to the surgeon.  

•   When in doubt, seeking the opinion of experienced 
colleagues.  

•   Prompt discussion with the surgeon during frozen section 
helps resolving a diffi cult diagnostic interpretation and 

unusual or unexpected fi ndings, and requesting additional 
clinical information when needed.  

•   The frozen section pathologist should not feel intimidated 
by an anxious surgeon or pressured by the turn-around 
time.  

•   Understanding that the frozen section diagnosis is not 
intended to replace a comprehensive specimen evalua-
tion. Attaining adequate frozen section diagnosis takes 
priority over spending more effort in reaching an “ideal” 
diagnosis by taking additional frozen sections.  

•   When dealing with small tissue samples, effort should be 
taken—without compromising the frozen section diagno-
sis—to preserve diagnostic tissue for permanent, 
formalin- fi xed tissue sections.  

•   Participation in a frozen section-permanent diagnosis 
quality assurance program has been associated with sus-
tained improvement in performance by pathologists [ 18 ].  

•   Building a long-term, mutually respectful working rela-
tionship between pathologists and surgeons.        
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      Vulva and Vagina       

               Introduction 

 Tumors of the vulva and vagina share overall histological 
classifi cations of neoplastic lesions into squamous, glandu-
lar, melanocytic, and mesenchymal tumors. Squamous carci-
noma is by far the most common primary malignancy 
involving both organs and is related to human papillomavi-
rus infection in the majority of cases. Squamous intraepithe-
lial lesion is the most common preinvasive condition of 
squamous cell carcinoma. Conventional Mullerian adenocar-
cinomas are rare malignancies of the vulva and vagina. 
Extramammary Paget disease represents a special form of 
intraepithelial glandular malignancy and is only rarely asso-
ciated with an invasive component. Primary clear cell carci-
noma of the vagina has been famous for its association with 
intrauterine diethylstilbestrol (DES) exposure in the past but 

is very rare nowadays. Melanoma accounts for 5 % of vulvar 
cancers and is capable of widespread metastases. A variety 
of benign and malignant mesenchymal tumors also occur in 
the vulvar and vaginal regions with benign angiomyofi bro-
blastoma and deep aggressive angiomyxoma primarily 
involving these areas. 

 Since both organs are easily accessible for biopsy diagno-
sis, requests for frozen section diagnosis are relatively uncom-
mon for clinical management of vulvar and vaginal neoplasms. 
The single most common intraoperative consultation is fro-
zen section evaluation of tumor resection margins for squa-
mous cell carcinoma or adenocarcinoma [ 1 ]. Other frozen 
section indications include presence of multifocal synchro-
nous tumors and assessment of lymph nodes for metastatic 
disease. Frozen section diagnosis is rarely initiated to rule out 
malignancy of unexpected vulvar or vaginal mass lesions.  

  2



6

    Squamous Lesions 

    Benign Squamous Lesions 

•      Squamous hyperplasia 
 –    Benign hyperplastic condition, often associated with 

lichen sclerosus  
 –   Presence of acanthosis, hyperkeratosis, and 

parakeratosis  
 –   Lack of human papillomavirus cytopathic changes, 

infl ammation, or stromal fi brosis     
•    Squamous papilloma 

 –    Papillomatous proliferation of bland squamous cells 
with appropriate maturation and without evidence of 
human papillomavirus cytopathic changes or dysplasia     

•    Condyloma acuminatum 
 –    Papillomatous squamous proliferation with fi brous 

stroma.  
 –   Marked acanthosis, parakeratosis, and hyperkeratosis 

are common.  
 –   Presence of koilocytes.

•    Nuclear enlargement, multinucleation, hyperchro-
masia, irregular or raisinoid nuclear membranes, 
and perinuclear halo.  

•   Koilocytosis may be focal and involves clusters of 
superfi cial squamous cells.     

 –   Prominent granular cell layer with keratohyalin gran-
ules is also characteristic.     

•    Seborrheic keratosis 
 –    Elevated proliferation of basaloid squamous cells with 

a smooth, fl at base.  

 –   Multiple keratin (horn) cyst formation.  
 –   Hyperkeratosis, acanthosis, and papillomatosis are 

common.  
 –   Frequently increased melanin pigment in the basal and 

parabasal layers.  
 –   No cytological atypia or signifi cant mitotic activity.  
 –   May be complicated by human papillomavirus 

 infection (condyloma with features of seborrheic 
keratosis).     

•    Lichen sclerosus (LS)  (Fig.  2.1 )
 –     Common squamous lesion—a preneoplastic condition 

to squamous carcinoma that is not associated with 
human papillomavirus infection.  

 –   Grossly shiny, fl at to wrinkled vulvar lesion and may 
be associated with scarring.  

 –   Loss of rete pegs leading to fl attened epithelial-stromal 
junction.  

 –   Presence of subepithelial homogenization of the 
stroma and chronic infl ammation.  

 –   May be associated with hyperkeratosis.  
 –   Retained epithelial maturation and polarity without 

 signifi cant cytological atypia.  
 –   Differential diagnosis includes lichen planus and stro-

mal fi brosis induced by radiation therapy.  
 –   The lesion may be associated with differentiated vul-

var intraepithelial neoplasia (dVIN).
•    Distinction between LS and dVIN may be diffi cult 

on frozen section and is typically not critical for 
 intraoperative management.           

a b

  Fig. 2.1    Lichen sclerosus. Hyperkeratotic squamous epithelium with loss of rete pegs at the dermoepidermal junction ( a ) and presence of eosino-
philic homogenization of the subepithelial stroma ( b )       

 

2 Vulva and Vagina



7

    Squamous Intraepithelial Lesion (SIL)/Vulvar 
and Vaginal Intraepithelial Neoplasia (VIN 
and VAIN) 

•     Dysplastic squamous epithelium classifi ed into low and 
high grade dysplasia.  

•    High-grade SIL  consists of dysplastic squamous cells 
involving two-thirds to entire thickness of squamous 
mucosa (Fig.  2.2 ).
 –     Marked nuclear atypia, loss of polarity, and mitotic 

activity in the mid and upper third of epithelium—
including abnormal mitotic fi gures.  

 –   Absence of stromal invasion.     
•   Usual squamous intraepithelial lesion includes two histo-

logical subtypes: warty and basaloid types.  
•    Pagetoid VIN  is characterized by singles or clusters of 

dysplastic squamous cells embedded within non- dysplastic 
squamous epithelial cells with normal maturation.  

•    Differentiated VIN (dVIN)  is commonly seen in post-
menopausal patients and may be associated with lichen 
sclerosus but is unrelated to human papillomavirus infec-
tion [ 2 ,  3 ].

 –    Thickened hyperkeratotic squamous epithelium  
 –   Elongated and branching rete pegs  
 –   Abnormal maturation of individual or groups of squa-

mous cells with eosinophilic cytoplasm, prominent 
desmosomes, and macronucleoli in the mid third of 
epithelium  

 –   Basal and parabasal dysplastic cells with marked cyto-
logical atypia  

•   Differential diagnosis
•    Paget disease  
•   Melanoma  
•   Invasive squamous cell carcinoma        

•   Diagnostic pitfalls/key issues of frozen section diagnosis
 –    Suboptimal orientation and tangential sectioning may 

mimic invasion.  
 –   In case of dVIN, a high index of suspicion is needed to 

rule out adjacent invasive well-differentiated squa-
mous cell carcinoma at the time of frozen section diag-
nosis, as it is not uncommonly associated with 
invasion.        

a b

  Fig. 2.2    High-grade squamous intraepithelial lesion/vulvar intraepithelial neoplasia 3 (VIN3). Markedly atypical squamous cells involving 
approximately 2/3 of the squamous epithelium ( a ) low magnifi cation ( b ) high magnifi cation       
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    Squamous Cell Carcinoma (SCC) [ 4 – 7 ] 

•     Clinical features
 –    Most often present in postmenopausal patients  
 –   Bleeding, dyspareunia, pruritus, and pain     

•   Gross pathology (Fig.  2.3 )
 –     Most SCCs are located in the posterior and upper third 

of the vagina and vulvar lesions are often multifocal.  
 –   Hyperkeratotic, white, or erythematous plaques to 

exophytic mass lesions, frequently associated with 
ulceration.     

•   Microscopic features
 –    Most vaginal squamous cell carcinomas are moder-

ately differentiated and nonkeratinizing, arising in a 
background of high-grade squamous intraepithelial 
lesion.  

 –   Most vulvar squamous cell carcinomas are well dif-
ferentiated and keratinizing, arising in a background of 

high-grade squamous intraepithelial lesion, while a 
smaller proportion of cases are linked to dermatoses or 
lichen sclerosus.  

 –   Sheets, nests, or cords of atypical squamous cells 
invading stroma with desmoplasia.  

 –   Subtypes of squamous cell carcinoma include keratin-
izing, basaloid, and warty (Fig.  2.4 ).

 –      Other histological variants include:
•    Verrucous carcinoma

 –    Pushing border  
 –   No signifi cant cytological atypia  
 –   No obvious stromal invasion     

•   Spindle cell/sarcomatoid SCC (Fig.  2.5 )
 –     Spindle cell proliferation  
 –   Presence of in situ squamous lesion with focal 

transition to the spindle component  
 –   Must be separated from malignant mixed 

Mullerian tumor     

a

c d

b

  Fig. 2.3    Invasive squamous cell carcinoma. Exophytic masses or plaques with ulcer and hemorrhage involving the vulva ( a ,  b ) and vagina ( c ). 
Verrucous carcinoma involving the vulva ( d )       
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•   Papillary squamous cell carcinoma (Fig.  2.6 )
 –     Surface papillary squamous cell proliferation 

with stromal cores  
 –   High-grade dysplastic squamous cells  
 –   May harbor underlying invasive squamous cell 

carcinoma           
•   Differential diagnosis

 –    HSIL/VIN3.  
 –   Vulvar basal cell carcinoma.  
 –   Sebaceous carcinoma.  
 –   Vulvar granular cell tumor may induce marked pseu-

doepitheliomatous squamous hyperplasia mimicking 
squamous cell carcinoma.  

 –   Leiomyosarcoma, soft tissue spindle cell sarcomas, 
and spindle cell melanoma.     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Frozen section evaluation to rule out inguinal lymph 

node metastasis is common (Fig.  2.7 ).

 –      Accurate specimen orientation is crucial for frozen 
section assessment of surgical margins.  

 –   Well-oriented frozen sections help avoiding misinter-
pretation of tangential sectioning of normal skin struc-
tures, squamous hyperplasia, or HSIL/ VIN3/ VAIN3 
as invasive squamous carcinoma (Fig.  2.8 ).

 –      Large sections to include suffi cient tumor border are 
required to appreciate the overall pushing invasive bor-
der to separate verrucous carcinoma from condyloma, 
squamous papilloma, and pseudoepitheliomatous 
hyperplasia [ 8 ], particularly in association with under-
lying granular cell tumor.  

 –   Careful search for the presence of defi nite squamous 
differentiation and absence of junctional in situ mela-
noma component to confi rm spindle cell squamous 
cell carcinoma as opposed to spindle cell melanoma or 
spindle cell sarcomas.        

a

c

b

d

  Fig. 2.4    Vulvar invasive squamous cell carcinoma of keratinizing ( a ,  b ) and basaloid type ( c ,  d )       
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a

c d

b

  Fig. 2.5    Vulvar spindle cell squamous cell carcinoma. Spindled squamous cell proliferation simulating mesenchymal sarcoma at various magni-
fi cations ( a – d )       
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a b

c d

  Fig. 2.6    Vulvar papillary squamous cell carcinoma. Papillary proliferation with stromal cores ( a ,  b ) composed of high-grade dysplastic squamous 
cells ( c ,  d )       

a b

  Fig. 2.7    Vulvar squamous cell carcinoma with regional lymph node metastasis. Note the marked maturation of metastatic squamous cell carci-
noma with cystic appearance ( a ,  b )       
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a b

  Fig. 2.8    Vulvar squamous cell carcinoma involving surgical margin. Note the microscopic focus of squamous carcinoma involving the stroma of 
an “en face” section of surgical margin ( a ) and peripheral mucosal margin ( b )       
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    Superfi cially Invasive Squamous Cell 
Carcinoma 

•     Early stromal invasion, less than 1 mm in depth.  
•   Singles or irregular clusters of dysplastic epithelial cells 

extruding from the base of an in situ lesion.  
•   Isolated tumor nests with paradoxical maturation and 

haphazard arrangements of tumor cells are highly 
 suggestive of early invasion (Fig.  2.9 ).

•      Stromal response is almost always present, including 
 desmoplasia, edema, and/or lymphoplasmacytic 
infi ltration.  

•   Differential diagnosis includes high-grade squamous 
intraepithelial lesion (HSIL) with pseudoinvasion or 
 tangential sectioning.     

a

c d

b

  Fig. 2.9    Superfi cially invasive squamous cell carcinoma. Note detached small atypical squamous nests with characteristic paradoxical maturation 
and loss of peripheral epithelial palisading beneath the high-grade squamous intraepithelial lesion indicating early stromal invasion ( a – d )       
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    Basal Cell Carcinoma [ 9 ] 

•     Accounts for 3 % of vulvar cancers.  
•   Most often occurs in elderly patients.  
•   Nodular or plaque lesions (Fig.  2.10 ), which may be 

pigmented.
•      Nests or sheets of uniform basal cell proliferation with 

peripheral palisading in solid or adenoid glandular pat-
terns (Fig.  2.11 ).

•      Squamous component (metatypical basal carcinoma or 
basosquamous carcinoma) may be present.  

•   Differential diagnosis includes basaloid squamous cell 
carcinoma and other skin adnexal tumors.  

•   Intraoperative diagnostic separation from basaloid 
squamous cell carcinoma is important due to a more 
aggressive behavior of the latter that may require 
regional lymph node dissection as part of surgical 
management.  

•   Basal cell carcinoma should be separated from tangen-
tially sectioned normal hair follicles, particularly at the 
surgical margin.      

a b

  Fig. 2.10    Vulvar basal cell carcinoma. Note the plaque-like ( a ) and nodular lesions ( b )       
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a

c d

b

  Fig. 2.11    Vulvar basal cell carcinoma (adenoid histological subtype). Note the infi ltrating nests or sheets of atypical basal cell proliferation ( a ) 
with peripheral palisading ( b ,  c ) and adenoid glandular pattern ( c ,  d )       
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    Glandular Lesions 

    Benign Glandular Lesions 

    Tumorlike Lesions 

•     Bartholin gland hyperplasia: nodular or lobular prolifera-
tion of mucinous glands around existing Bartholin duct, 
frequently associated with cyst formation (Fig.  2.12 ). 
Metaplastic changes may occur including squamous 
metaplasia.

•      Vulvar ectopic breast tissue with associated benign 
 conditions (adenosis and papilloma).  

•   Vaginal adenoma (villous and tubulovillous) and vaginal 
adenosis  

•   Prolapsed fallopian tube occasionally occurs after  vaginal 
hysterectomy and may present as a polypoid lesion at the 
vaginal vault. Disrupted fallopian tube mucosa, frequently 

with infl ammation, fi brosis, and reactive  epithelial 
changes may simulate infi ltrating  adenocarcinoma [ 10 ].     

    Vulvar Hidradenoma Papilliferum [ 11 ] 

•     Most common benign glandular tumor of the vulva.  
•   Asymptomatic and small (less than 2 cm), frequently 

involving the labia majora.  
•   Histologically well-circumscribed nodular proliferation 

of compact glandular or tubular epithelial growth with 
papillary formations and frequently hyalinized stroma.  

•   The epithelium is, at least focally, double layered with inner 
tall columnar glandular cells and outer myoepithelial cells.  

•   May have focal sebaceous and/or squamous differentiation.  
•   The absence of infi ltrative border and minimal cytologi-

cal atypia attest to its benignancy in its separation from 
various adenocarcinomas. Presence of mitoses, even 
 frequent, does not necessarily indicate malignancy.      

  Fig. 2.12    Vulvar Bartholin duct cyst       
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    Vulvar Paget Disease [ 12 – 15 ] 

•     Clinical features
 –    In situ/intraepidermal adenocarcinoma  
 –   Represents 5 % of vulvar malignancy  
 –   Almost exclusively seen in Caucasian women, often 

postmenopausal     
•   Gross pathology (Fig.  2.13 )

 –     Red eczematous plaques involving both labia majora 
and minora     

•   Microscopic features (Fig.  2.14 )
 –     Scattered singles or clusters of large, round mucin- 

containing cells involving the lower half to entire epi-
thelium with frequent tracking into hair follicles or 
other skin adnexal structures.  

 –   Focal gland formation may be present within the tumor 
nests.  

 –   The tumor cells have abundant pale cytoplasm and 
central, round nuclei with prominent centrally located 
nucleoli. Mitoses may be frequent.  

 –   The disease is often multifocal.  
 –   An underlying invasive adenocarcinoma can occur, 

although rarely.     
•   Differential diagnosis

 –    In situ melanoma  
 –   Colonization of the vulvar epithelium by urothelial or 

anal carcinomas [ 16 ] (secondary Paget disease)  
 –   VIN with mucinous differentiation and Pagetoid VIN     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Presence of glandular structures within the tumor nests 

is highly suggestive of Paget disease as opposed to 
melanoma.  

 –   Frozen section evaluation of surgical margin involve-
ment by vulvar Paget disease may be requested; 

 however, the tumor is often multifocal and the clinical 
and gross presentation of the disease can be deceptive. 
Seemingly uninvolved surgical margins may turn out 
to be positive for microscopic disease.  

 –   Therefore, generous sampling of the resection margins 
at the time of frozen section is essential to prevent 
recurrence.        

    Bartholin Gland Carcinomas [ 17 ] 

•     Middle-aged to elderly patients.  
•   Histological transition between normal Bartholin glands 

and carcinoma components.  
•   No primary tumor elsewhere.  
•   Histological variants include squamous cell carcinoma 

(40 %), adenocarcinoma (25 %), adenoid cystic carci-
noma (12 %), and rarely transitional cell carcinoma and 
various mucinous adenocarcinomas.  

•   Diagnosis requires the presence of the following: the tumor 
arises at the location of Bartholin gland and is histologi-
cally associated with residual Bartholin gland structures 
and absence of a known primary carcinoma at other sites.     

    Adenocarcinoma of the Mammary Type [ 18 ] 

•     Very rare and likely arises from vulvar ectopic breast 
tissue.  

•   Histologically the tumor resembles conventional breast 
ductal and lobular carcinomas.  

•   At the time of frozen section diagnosis, metastasis from a 
breast primary must be ruled out before such diagnosis is 
made.      

a b

  Fig. 2.13    Vulvar Paget disease. Note the red eczematous plaques involving labia majora and minora (multiple sections have been taken for frozen 
section evaluation of margin involvement) ( a ,  b )       
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a b

c d

  Fig. 2.14    Vulvar Paget disease. Note singles and clusters of large round mucin-containing cells involving the lower half and focally the entire 
squamous epithelium ( a – c ) with subtle glandular structure formation ( d )       
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    Mesenchymal Tumors 

 Although rare, a variety of benign and malignant soft tissue 
tumors may occur in the vulva and vagina. Relatively common 
soft tissue tumors and tumorlike lesions are discussed here. 

    Aggressive Angiomyxoma [ 19 ] 

•     Clinical features
 –    Patients in their reproductive age.  
 –   Frequently presents as painless vulvar or vaginal 

“cyst” or deep soft tissue mass.  
 –   Rapid enlargement during pregnancy may occur.     

•   Gross pathology (Fig.  2.15 )
 –     Deep-seated soft tissue mass involving mainly pelvico- 

perineal soft tissue  
 –   Often more than 10 cm in size with poorly circum-

scribed borders and irregular extension into adjacent 
normal structures  

 –   Gelatinous or rubbery cut surface     
•   Microscopic features (Fig.  2.16 )

 –     Hypocellular lesion with abundant edematous to myx-
oid matrix  

 –   Uniformly bland, oval to short spindle cells with round 
nuclei, inconspicuous cytoplasm, and stellate cytoplas-
mic processes  

 –   Clusters of various caliber vessels, including medium 
to large arteries, some of which show characteristic 
cuffi ng by prominent eosinophilic collagen  

 –   Infi ltrative tumor border with frequent entrapment of 
normal adipose tissue or skeletal muscle     

•   Differential diagnosis
 –    Superfi cial angiomyxoma  
 –   Cellular angiofi broma  
 –   Angiomyofi broblastoma  
 –   Fibroepithelial stromal polyp     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    The deep location, infi ltrative margin and typical 

 vascular clustering with collagen cuffi ng separate the 
tumor from its benign mimics  

 –   Adequate surgical margin sampling at the time 
of  frozen section is essential to reduce the recurrence 
rate        

    Fibroepithelial Stromal Polyp [ 20 ,  21 ] 

•     Common polypoid lesion in young women.  
•   Histologically the polypoid lesion is covered by simple, 

mature squamous epithelium.  
•   Variable stromal cellularity with bland, spindled, non- 

atypical cells.
 –    Stromal cells may be frequently multinucleated and 

bizarre raising concern for malignancy.     
•   Rare cellular pseudosarcomatous variant may show 

hypercellular stromal cells with marked pleomorphism, 
nuclear hyperchromasia, mitotic activity of more than 10 
mitoses/10 HPF, and even atypical mitoses. This variant is 
almost invariably seen in a pregnant patient [ 21 ].  

•   Features against a diagnosis of true sarcoma include sur-
face growth only and individually scattered multinucle-
ated stromal cells.     

  Fig. 2.15    Aggressive angiomyxoma. Note the irregular nodular mass 
lesions with a gelatinous appearance and tan to pink color       
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a b

c d

  Fig. 2.16    Aggressive angiomyxoma. Hypocellular lesion with myxoid appearance ( a ), short bland spindle cell proliferation ( b ) and characteristic 
clusters of various caliber vasculature ( c ,  d )       
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    Granulation Tissue 

•     Common polypoid lesion of the vagina or vulva.  
•   Often involves the upper vagina/vaginal cuff post 

hysterectomy.  
•   Soft red, edematous to mucoid polypoid lesion.  
•   Loose edematous fi brous tissue with delicate capillaries 

(Fig.  2.17 ).
•      Enriched with acute and chronic infl ammatory cells.  
•   Surface growth, frequently lacking surface epithelium, 

acute infl ammatory infi ltrate, and bland cytological 
 features, attests to the nonneoplastic nature of the lesion.     

    Postoperative Spindle Cell Nodule [ 22 ] 

•     Adult patients around 40 years of age.  
•   Develops a few months after surgery, commonly 

hysterectomy.  
•   Polypoid or nodular lesion of up to several centimeters at 

the prior surgery site (vaginal vault or cervix).  
•   The lesion consists of fascicles of spindled myofi bro-

blasts in a background of edema, delicate capillaries, and 
infl ammatory cells.  

•   Mitoses are numerous but atypical mitoses and cytologi-
cal atypia are absent.  

•   Differential diagnosis includes various soft tissue spindle 
cell sarcomas.     

a b

c d

  Fig. 2.17    Granulation tissue. Loose edematous fi brous tissue with delicate capillaries ( a ,  b ) and prominent acute and chronic infl ammatory cells 
( c ,  d )       
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    Angiomyofi broblastoma [ 23 ] 

•     Exclusively arises in vulvovaginal soft tissue of adult 
women.  

•   Less than 5 cm in size with sharply defi ned margins.  
•   Histologically alternating cellular and hypocellular pro-

liferations of small round epithelioid and spindle cells 

with eosinophilic cytoplasm, embedded in an edematous 
to collagenous matrix (Fig.  2.18 ).

•      Epithelioid tumor cells are typically clustered around 
capillaries.  

•   Cytological atypia and mitoses are absent.  
•   Differential diagnostic separation of this benign lesion 

from aggressive angiomyxoma is important.     

a b

  Fig. 2.18    Angiomyofi broblastoma. Note the alternating cellular to hypocellular proliferation of small, round to spindle cells with eosinophilic 
cytoplasm embedded in a collagenous matrix ( a ,  b )       
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    Leiomyoma and Leiomyosarcoma 

•     Rare vulvar and vaginal tumors.  
•   Leiomyomas are much more common that 

leiomyosarcomas.  
•   Most leiomyomas are conventional mature smooth mus-

cle tumors (Fig.  2.19 ).
•      Epithelioid and myxoid leiomyomas can also occur.  
•   Diagnostic criteria of malignancy are similar to those of 

soft tissue leiomyosarcoma (Fig.  2.20 ), including pres-
ence of two of the following: more than 5 cm in size, more 
than 5 mitotic fi gures per 10 high-power fi elds, and mod-
erate or severe cytological atypia. Lesions that fulfi ll 
some, but not all, of the above criteria may be interpreted 
as smooth muscle tumor of uncertain malignant potential 
(STUMP) at the time of frozen section (Fig.  2.21 ).

           Botryoid Rhabdomyosarcoma (Sarcoma 
Botryoides) [ 24 ,  25 ] 

•     Patients under 5 years of age with history of rapid tumor 
growth.  

•   Soft, polypoid, or lobulated vaginal lesion.  
•   Myxoid to edematous stroma containing primitive round 

to spindle, mitotically active cells.  
•   Presence of cambium layer—condensation of small tumor 

cells underneath the mucosal surface—with recognizable 
rhabdomyoblasts.  

•   The differential diagnosis includes fi broepithelial stromal 
polyp with atypical stromal cells.  

•   The tumor can be deceptively bland.
 –    Careful search for small, mitotically active atypical 

cells or rhabdomyoblasts with cross striations in the 
cambium layer is important for intraoperative frozen 
section diagnosis.        

    Proximal Epithelioid Sarcoma [ 26 ,  27 ] 

•     Primarily occurs in the genital area.  
•   More aggressive behavior than that of the distal 

counterpart.  
•   Multinodular growth with large eosinophilic epithelioid 

cells.  
•   The differential diagnosis includes poorly differentiated 

carcinoma and melanoma. Presence of an in situ melano-
cytic lesion favors malignant melanoma.     

    Granular Cell Tumor [ 28 ,  29 ] 

•     Middle-aged adult patients.  
•   Asymptomatic solitary mass involving labia majora.  
•   Grossly well-circumscribed fi rm mass of less than 4 cm 

with a tan, solid cut surface.  
•   Nests or cords of round to polygonal cells with abundant 

granular cytoplasm and small but distinct centrally located 
nuclei.  

•   Mitoses and cytological atypia are absent.  
•   Not uncommonly infi ltrative tumor border.  
•   At the time of frozen diagnosis, striking pseudoepithelio-

matous hyperplasia of the overlying squamous epithelium 
may lead to erroneous impression of invasive squamous 
cell carcinoma if the underlying granular cell tumor is not 
appreciated.  

•   Malignant granular cell tumor has been reported; how-
ever, reliable histological parameters have not been 
defi ned to predict malignancy.  

•   Complete tumor excision with surgical margin evaluation 
is necessary to avoid local recurrence.      

  Fig. 2.19    Vaginal leiomyoma. Well-circumscribed nodular lesion with 
a rubbery, tan-white cut surface       

  Fig. 2.20    Vaginal leiomyosarcoma. Note the fl eshy soft tissue mass  
and ill- defi ned tumor borders       
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a b

  Fig. 2.21    Vaginal smooth muscle tumor of uncertain malignant potential (STUMP). Note the cellular proliferation of smooth muscle cells ( a ) with 
mitotic activity ( arrow ) but lack of signifi cant cytological atypia and coagulative tumor cell necrosis ( b )       
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    Miscellaneous Tumors 

    Malignant Melanoma [ 30 ] 

•     Clinical features
 –    5–10 % of vulvar or vaginal cancers (second most 

common vulvar cancer)  
 –   Elderly Caucasian patients with atypical pigmented 

lesion that may be associated with preexisting melano-
cytic nevi  

 –   May present with pruritus, bleeding, and mass lesion     
•   Gross pathology (Fig.  2.22 )

 –     Unevenly pigmented asymmetric plaques or nodules 
with irregular border.  

 –   Amelanotic melanoma occurs in 25 % of the cases.  
 –   Satellite tumor nodules may be seen.     

•   Microscopic features
 –    Three histological subtypes: acral/mucosal lentiginous 

(60 %), nodular, and superfi cial spreading.  
 –   Large, round epithelioid tumor cells with eosinophilic 

cytoplasm, large central nuclei, and prominent nucle-
oli in most cases.  

 –   Spindle cell variant of melanoma seen in one-third of 
cases.  

 –   Intracytoplasmic melanin pigment may be seen.  
 –   Vertical growth phase melanoma shows frequent 

prominent perineural involvement and desmoplasia.     
•   Differential diagnosis

 –    Dysplastic melanocytic nevi  
 –   Vulvar Paget disease  
 –   Squamous intraepithelial lesions  
 –   Poorly differentiated carcinomas, particularly spindle 

cell variant of squamous cell carcinoma  
 –   Lymphomas     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Frozen section evaluation of melanoma is not encour-

aged [ 1 ].  
 –   Lesions of uncertain diagnosis at any level should be 

deferred to permanent section diagnosis.        

    Lymphomas [ 31 ,  32 ] 

•     Primary vaginal and vulvar lymphomas account for 
roughly 1/3 of cases; the remaining 2/3 of cases are due to 
secondary involvement.  

•   Diffuse large B-cell lymphoma is the most common type of 
both primary and secondary vulvar and vaginal lymphomas.  

•   Vulvar and vaginal lymphomas may be misdiagnosed on 
frozen section as poorly differentiated carcinoma.  

•   High index of suspicion at the time of frozen section 
 diagnosis is important for preserving fresh lesional tissue 
for further hematopathology workup.  

•   Frozen section interpretation as suspicious for 
 lymphoproliferative disorder is suffi cient.     

    Primary Yolk Sac Tumor [ 33 ,  34 ] 

•     Occurs in children less than 4 years old.  
•   Vaginal polypoid lesion with bleeding and elevated serum 

AFP.  
•   The histological features are similar to its ovarian coun-

terpart with common reticular growth pattern, presence of 
Schiller-Duval bodies, and eosinophilic hyalin globules 
[see Chap.   9    ].  

•   Common differential diagnosis includes clear cell 
carcinoma.     

    Clear Cell Carcinoma [ 35 ,  36 ] 

•     Vaginal clear cell carcinoma related to diethylstilbestrol 
(DES) exposure in patients of less than 20 years of age is 
rarely encountered nowadays. Sporadic clear cell carci-
noma is seen in perimenopausal and postmenopausal 
populations.  

•   Vaginal bleeding or discharge is typical clinical 
presentation.  

•   Most tumors are superfi cially invasive at presentation.  
•   Histological patterns include tubulocystic, papillary, and 

solid, with tubulocystic pattern being the most common.  
•   Vaginal adenosis, cervical ectropion, transverse septum, 

and cervical ridges are commonly associated with clear 
cell carcinoma of the vagina.  

•   Marked cytological atypia with hobnailing and frequent 
mitoses are present in most tumors.         

  Fig. 2.22    Vulvar melanoma. Pigmented asymmetric nodule with irreg-
ular borders       
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      Uterine Cervix       

                Introduction 

 Squamous cell carcinoma is the most common cervical 
malignancy and is caused by high-risk human papilloma-
virus (HPV) with viral DNA integration into the host cell 
genome [ 1 ]. Most tumors are conventional squamous cell 
carcinomas of either keratinizing or nonkeratinizing large 
cell type. Common histological variants include verru-
cous, basaloid, papillary, lymphoepitheliomatous, and 
spindled squamous carcinomas. Invasive adenocarcinoma 
of the cervix now represents 10–20 % of all cervical can-
cers. Similar to squamous carcinoma, high-risk HPV, par-
ticularly type 18, is the causal agent for most of the cases. 
The histological spectrum of cervical adenocarcinomas 
includes usual endocervical adenocarcinoma, endometri-
oid adenocarcinoma, gastrointestinal-type mucinous car-
cinoma and its variants including minimal deviation 
adenocarcinoma (adenoma malignum), villoglandular 
adenocarcinoma, adenoid basal carcinoma, adenosqua-

mous carcinoma, serous carcinoma, and clear cell 
 carcinoma. Malignant stromal tumors of the cervix are 
uncommon. Many reactive, metaplastic, and tumorlike 
conditions may simulate various malignant processes of 
the cervix. 

 Common scenarios for intraoperative consultation include 
evaluation for the presence of malignancy of an unexpected 
cervical mass and/or assessment of the extent of tumor 
involvement—depth of tumor invasion and margin status—
and lymph node metastasis. Intraoperative pathologic evalu-
ation of pelvic lymph nodes may be requested before 
hysterectomy to rule out advanced disease. More recently 
frozen section evaluation of sentinel lymph nodes has also 
been introduced to the surgical management of cervical 
malignancy. In young patients, the most common reason for 
performing frozen section evaluation of a cervical cone exci-
sion, trachelectomy, or biopsy is to maximize the chance of 
preserving fertility by doing limited surgery for an early cer-
vical cancer.  

  3
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    Tumorlike Conditions of the Cervix 

    Endocervical Polyp 

•     Usually single and less than 1 cm in size (Fig.  3.1 ).
•      Histologically, the polyp consists of varying proportions 

of squamous and endocervical glandular epithelium and 
stromal components.  

•   The overall appearance can be adenomatous, cystic, 
fi brous, or infl ammatory (Fig.  3.2 ).

•      Differential diagnosis
 –    Mullerian adenosarcoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Unlike adenosarcoma, benign endocervical polyps are 

characterized by absence of periglandular stromal cell 
condensation and papillary intraglandular protrusions 
and lack of epithelial atypia and stromal mitotic 
activity.        

    Tunnel Clusters 

•     Localized proliferation of endocervical glands,  commonly 
seen in multigravida women.  

•   Type A tunnel cluster is noncystic, consisting of crowded 
endocervical glands with round borders. Irregular glands 
with mild atypia may be seen, but mitotic activity is 
 generally absent.  

•   Type B tunnel cluster consists of round clusters of packed 
glands with cystic dilatation that are covered by fl attened 
epithelial cells.  

•   Both types may involve deeper cervical stroma.  
•   Differential diagnosis

 –    Minimal deviation adenocarcinoma (MDA)     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Tunnel clusters can be diagnostically separated from 
MDA primarily by absence of signifi cant cytological 
atypia, absence of desmoplastic stromal response, and 
their overall lobular growth pattern and sharp lesional 
border.        

  Fig. 3.1    Endocervical polyp. White-tan polypoid lesions of several 
millimeters with adjacent mucosal erosion and hemorrhage in this 
example       
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  Fig. 3.2    Endocervical polyp. Note the polypoid confi guration, edematous stroma ( a ,  b ) and variable number of benign endocervical glands ( c ,  d )       
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    Deep Nabothian Cyst 

•     Deeply seated, cystically dilated, mucin-fi lled endocervi-
cal glands (Fig.  3.3 ).

•      Extravasated mucin pools may be present.  
•   Cysts are lined by bland columnar or fl attened endocervi-

cal glandular epithelium.  

•   Differential diagnosis
 –    Minimal deviation adenocarcinoma (MDA)     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Lack of a mass lesion, and absence of infi ltrative glands 

and signifi cant cytological atypia separates nabothian 
cysts from minimal deviation adenocarcinoma.        

a b

  Fig. 3.3    Deep nabothian cyst. Deeply seated, cystically dilated endocervical glands fi lled with mucin ( a ,  b )       
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    Lobular and Diffuse Laminar Endocervical 
Glandular Hyperplasia [ 2 ,  3 ] 

•     Benign mucinous glandular proliferations, in a lobular or 
diffuse laminar pattern.  

•   May be deeply seated lobular mass lesions involving cer-
vical stroma, exceeding 1 cm in size (Fig.  3.4 ).

•      Both types show crowded hyperplastic glands lined by 
mucin-producing endocervical glandular epithelial cells.  

•   Both may have mild cytological atypia and low mitotic 
activity (2 per 10 high-power fi elds.  

•   In diffuse laminar hyperplasia, the lesion shows a band-
like distribution below the endocervical mucosal surface. 

Although confl uent in growth pattern, the demarcation 
from the stroma is sharp and smooth (Fig.  3.5 ).

•      Differential diagnosis
 –    Mucinous endocervical adenocarcinomas, including 

minimal deviation adenocarcinoma, intestinal-type 
mucinous adenocarcinoma, and mucinous adenocarci-
noma NOS     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Endocervical glandular hyperplasia may be separated 

from endocervical adenocarcinomas by its superfi cial 
location, non-infi ltrative border, and absence of sig-
nifi cant cytological atypia and desmoplastic stromal 
response.        

a b

  Fig. 3.4    Diffuse laminar endocervical glandular hyperplasia. Note the ill-defi ned, mucoid mass lesion involving the endocervix ( a ,  b )       
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  Fig. 3.5    Diffuse laminar endocervical glandular hyperplasia. Note diffuse hyperplastic proliferation of endocervical glands ( a ) well-demarcated 
from the adjacent endocervical stroma ( b ,  c ) and absence of cytological atypia or mitotic activity ( d )       
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    Microglandular Hyperplasia (MGH) [ 4 – 6 ] 

•     Incidental microscopic fi nding or may be a grossly polyp-
oid lesion.  

•   Polypoid, reticular, cribriform, and rarely solid prolifera-
tion of closely packed small- to medium-sized endocervi-
cal glands with conspicuously neutrophil-rich stroma 
(Fig.  3.6 ).

•      Relatively uniform endocervical glandular cells with sub-
nuclear vacuoles, associated squamous metaplasia, often 
with reserve cell hyperplasia imparting on a double- 
layered epithelial appearance.  

•   Mild nuclear atypia may be present.  
•   Mitoses are usually rare but occasional cases may show 

higher mitotic activity (rarely up to 11 mitoses/10 HPF).  

•   Differential diagnosis
 –    Clear cell carcinoma  
 –   Endometrioid adenocarcinoma—endometrial or endo-

cervical primary  
 –   Mucinous adenocarcinoma—endometrial or endocer-

vical primary     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Absence of infi ltrative growth and lack of signifi cant 
cytological atypia separate fl orid microglandular 
hyperplasia from adenocarcinoma.  

 –   Endometrial microglandular adenocarcinoma, unlike 
MGH, is characterized by absence of a reserve cell 
layer, often presence of signifi cant cytological atypia 
and continuity with endometrial rather than endocervi-
cal tissue        

a b

c d

  Fig. 3.6    Microglandular hyperplasia. Note the closely packed small- to medium-sized endocervical glands ( a ,  b ), uniform endocervical cells with 
noticeable reserve cell layer in some glands ( c ) and the presence of neutrophils in the stroma ( d )       
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    Chronic Endocervicitis 

•     Intense lymphoid hyperplasia with marked squamous 
metaplasia and secondary lymphoid follicle formation.  

•   Surface papillary epithelial proliferation with associated 
lymphoid follicles (papillary cervicitis) may be seen.  

•   Rarely, a lymphoid germinal center may be confused with 
high-grade squamous intraepithelial lesion involving 
endocervical glands, due to its pleomorphic lymphoid cell 
population and frequent mitotic activity.     

    Lymphoma-Like Lesions [ 7 ,  8 ] 

•     Adult patients.  
•   May present with vaginal bleeding or discharge.  
•   Thickened or erythematous, friable mucosa.  
•   Band-like subepithelial mixed lymphoid infi ltrate consist-

ing of reactive large centroblasts or immunoblasts and 
mature plasma cells.  

•   Lack of a mass lesion and deep involvement separates it 
from true lymphoma.     

    Arias-Stella Reaction [ 9 ] 

•     Generally focal, may appear papillary on gross 
examination.  

•   Enlarged glandular cells with abundant clear cytoplasm 
and apically located hyperchromatic nuclei (hobnail cells).  

•   The lesion may closely resemble clear cell carcinoma. The 
overall normal glandular distribution, degenerative nature 
of nuclei, absence of mitoses, and concurrent pregnancy or 
hormone use are typical features of Arias-Stella reaction.     

    Mesonephric Hyperplasia [ 10 – 12 ] 

•     Typically located at the lateral aspect of cervix.  
•   Glandular proliferation in a lobular or irregular distribu-

tion around a centrally located duct.  
•   Glands are lined by cuboidal or low columnar epithelial cells.  
•   No signifi cant nuclear atypia or mitotic activity.  
•   Characteristic intraluminal dense eosinophilic secretion is 

present.  
•   Pseudostratifi cation, papillary tufting, and bridging are 

compatible with benign mesonephric hyperplasia.  
•   Differential diagnosis

 –    Mesonephric adenocarcinoma     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Diffuse mesonephric hyperplasia may pose a signifi -
cant diagnostic challenge on frozen section.  

 –   Signifi cant cytological atypia, desmoplastic stromal 
response, presence of luminal necrotic debris, perineu-

ral invasion, lymphovascular invasion, and haphazard 
infi ltrative growth are features of mesonephric 
carcinoma.        

    Endocervicosis [ 13 ] 

•     Patients may have a history of uterine surgery (e.g., 
 caesarean section).  

•   Nodular to cystic mass lesion consisting of variably sized 
and shaped glands infi ltrating the outer cervical stroma.  

•   Columnar to fl attened endocervical glandular cells 
 without signifi cant cytological atypia and absence of 
mitotic activity.  

•   Stromal response to extravasated mucin may be present.  
•   Differential diagnosis

 –    Minimal deviation adenocarcinoma  
 –   Metastatic well-differentiated adenocarcinoma, par-

ticularly when the lesion also involves adjacent organs 
including bladder, cul-de-sac, and vaginal apex     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Separation of endocervicosis from an adenocarcinoma 

is based on lack of cytological atypia, mitosis, and 
stromal response.        

    Endometriosis 

•     Frequent lesion of the cervix.  
•   Deep cervical endometriosis is usually associated with 

pelvic endometriosis.  
•   Typical endometrial stroma with hemorrhage or hemosid-

erin pigment around proliferative-type endometrial 
glands.  

•   Differential diagnosis
 –    Cervical adenocarcinoma in situ     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    In contrast to cervical adenocarcinoma in situ, endo-

metriosis lacks signifi cant cytological atypia, nuclear 
stratifi cation, apically located mitotic fi gures, and 
numerous apoptotic bodies.        

    Tubo-endometrial Metaplasia [ 14 ] 

•     Common lesion of the cervix and may be related to a prior 
cervical procedure (e.g., loop excision).  

•   Glands with tubal and/or endometrioid differentiation.  
•   Oxyphilic changes with increased eosinophilic cytoplasm 

and enlarged nuclei may be present.  
•   Absence of signifi cant cytological atypia and mitotic 

activity and presence of tubal-type ciliated cells are help-
ful features separating tubo-endometrioid metaplasia 
from cervical adenocarcinoma in situ     
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    Squamous Metaplasia 

•     Very common condition involving the cervical 
 transformation zone or an endocervical polyp.  

•   Squamous metaplasia may be extensive, frequently 
involving endocervical glands, simulating squamous 
intraepithelial lesion or even invasive squamous cell 
 carcinoma (Fig.  3.7 ).

•      Papillary immature squamous metaplasia may simulate 
papillary squamous cell carcinoma.  

•   Frequently associated with marked infl ammation.  
•   Absence of cytological atypia and stromal invasion 

 confi rm the diagnosis.     

    Transitional Metaplasia 

•     Typically occurs in peri- and postmenopausal women  
•   Transitional-type epithelial cells with small, oval nuclei 

replacing the full thickness of squamous epithelium  

•   Streaming of nuclei with frequent nuclear grooves  
•   Absence of signifi cant cytological atypia and mitotic 

activity  
•   Differential diagnosis

 –    High-grade squamous intraepithelial lesion (cervical 
intraepithelial neoplasia 3; CIN3)     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Unlike transitional metaplasia, high-grade dysplasia is 

characterized by loss of epithelial polarity, marked 
cytological atypia with increased nuclear to cytoplas-
mic ratio, and mitotic activity, often with atypical 
mitoses.         

a b

  Fig. 3.7    Squamous metaplasia at the cervical transformation zone. Metaplastic squamous epithelium frequently extends into the endocervical 
glands ( a ). Note the absence of signifi cant cytological atypia and lack of true stromal invasion ( b )       
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    Squamous Cell Carcinoma 

    Squamous Intraepithelial Lesion 

•     The most common precursor lesion of cervical squamous 
carcinoma.  

•   Almost always associated with human papillomavirus 
(HPV) infection, particularly high-risk HPV in high- 
grade intraepithelial lesion (HSIL).  

•   HSIL mostly occurs in patients in their mid twenties to 
mid thirties.  

•   Dysplastic squamous cells occupy at least 2/3 of the 
 epithelium with loss of polarity in HSIL. Low grade 
intraepithelial lesion (LSIL) has dysplastic cells limited 
to the lower third of the epithelium.  

•   Histological features include nuclear enlargement, high 
nuclear/cytoplasmic ratio, coarse chromatin, thickened 
nuclear membrane, and easily identifi able mitoses and 
atypical mitoses in HSIL (Fig.  3.8 ).

•      Differential diagnosis
 –    Immature squamous metaplasia  
 –   Papillary squamous metaplasia  
 –   Transitional metaplasia  
 –   Reactive epithelial changes        

a b

  Fig. 3.8    High-grade squamous intraepithelial lesion ( HSIL ). Dysplastic squamous cells occupy approximately two-thirds of the epithelium ( a ,  b )       
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    Invasive Squamous Cell Carcinoma (SCC) 

•     Clinical features
 –    Most common cervical cancer.  
 –   Associated with high-risk HPV infection and preceded 

by high-grade squamous intraepithelial lesion (HSIL).  
 –   Mean patient age is 55 years, but a third of cases occur 

in women less than 35 years of age.  
 –   Most common clinical symptoms are vaginal bleeding, 

discharge, and/or pelvic pain.     
•   Gross pathology (Fig.  3.9 )

 –     Pink, friable, commonly exophytic polypoid or papil-
lary growth, or ulcerative surface lesion.  

 –   Almost always located at the cervical transformation 
zone.  

 –   Advanced tumors may show gross infi ltration to various 
adjacent organs, e.g., parametrium, vagina, or uterine 
corpus.     

•   Microscopic features [ 15 ] (Fig.  3.10 )
 –     Proliferation of tumor cells in sheets and nests with 

anastomosing bands or single infi ltrating cells.  
 –   Desmoplastic stromal response is common.  
 –   Tumor cells with variable amount of cytoplasm, large 

nuclei, and conspicuous nucleoli.  
 –    Keratinizing-type SCC 

•    Shows obvious squamous maturation including 
keratin pearl formation     

 –    Nonkeratinizing-type SCC 
•    Composed of medium-sized, atypical squamous 

cells without obvious keratin pearl formation, but 
individual tumor cell keratinization is often present     

 –    Superfi cially invasive SCC 
•    Associated with HSIL and histologically similar to 

vulvar superfi cially invasive SCC (see Chap.   2    )  
•   Small irregular nests of highly atypical dysplastic 

epithelial cells, frequently with abrupt keratiniza-
tion (paradoxical maturation)  

•   Presence of stromal response, including stromal edema, 
desmoplasia, or prominent infl ammatory changes        

•   Variants of squamous carcinoma [ 16 – 23 ]
 –     Verrucous carcinoma 

•    Highly differentiated variant with undulating sur-
face simulating condyloma or squamous papilloma.  

•   Hyperkeratosis is common.  
•   Minimal cytological atypia and low mitotic activity.  
•   Multiple tumor blocks may be required for frozen 

section evaluation to reveal its pushing and bulbous 
invasive border.     

 –    Warty SCC 
•    Well-differentiated variant with a warty surface and 

architecture similar to condyloma     

 –    Basaloid SCC 
•    Aggressive tumor with characteristic peripheral 

palisading of primitive high-grade tumor cells.  
•   Brisk mitotic activity and geographic necrosis.  
•   Absence of stromal response.  
•   Individual keratinization may be present, but kera-

tin pearls are typically absent.     
 –    Papillary squamous/squamotransitional carcinoma 

•    Resembles urothelial carcinoma with high-grade 
cells arranged in papillary fronds with stromal cores.  

•   Adequate sampling for frozen section is important 
to include the tumor base to rule out possible coex-
istence of an invasive component.     

 –    Lymphoepitheliomatous variant 
•    Syncytial growth of large tumor cells with vesicular 

nuclei, prominent nucleoli and surrounding marked 
infl ammatory infi ltrate     

 –    Spindle cell or sarcomatoid SCC 
•    Rare variant of SCC with more aggressive clinical 

behavior.  
•   Histologically sarcomatoid spindle cell prolifera-

tion that may merge with conventional SCC.  
•   It should be separated from malignant mixed 

Mullerian tumor (MMMT).
 –    In contrast to spindle cell SCC, MMMT has dis-

tinct squamous carcinomatous and sarcomatous 
components without merging between the two.           

•   Differential diagnosis
 –    HSIL extensively involving endocervical glands  
 –   Gestational trophoblastic lesions: epithelioid tropho-

blastic tumor, placental site nodule, and ectopic 
decidua  

 –   Clear cell carcinoma, solid variant vs. SCC with large 
amount of cytoplasmic glycogen  

 –   Neuroendocrine carcinoma, particularly small cell car-
cinoma vs. poorly differentiated SCC  

 –   Sarcomas vs. spindle cell/sarcomatoid SCC  
 –   Melanoma  
 –   Reactive and tumorlike conditions including exuberant 

squamous metaplasia, extensive infl ammation, and 
pseudoinvasion of squamous epithelium induced by 
prior surgical procedure     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Trachelectomy procedure may be used for manage-

ment of early cervical cancer in young patients [ 24 ].
•    At least 5 mm proximal surgical margin clearance 

is recommended and the margin status should be 
reported on frozen section evaluation [ 25 ].     

 –   Frozen section evaluation of a cervical cone excision is 
labor intensive and time consuming and may 
 compromise precise characterization of the tumor. If 
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possible, discussion with submitting physician to defer 
for  permanent sections should be attempted [ 26 ].  

 –   Presence of HSIL with focal transition to spindled 
invasive component is a helpful hint for the diagnosis 
of spindle cell SCC.
•    Absence of sharply demarcated carcinomatous and 

sarcomatous components separates spindle cell 
SCC from malignant mixed Mullerian tumor.     

 –   Microinvasive/superfi cially invasive SCC vs. HSIL 
involving endocervical glands.
•    Loss of peripheral palisading with markedly atypi-

cal cells, stromal response, and abrupt tumor cell 
keratinization (abnormal or paradoxical matura-
tion) are features of invasion.  

•   When in doubt, a frozen diagnosis of “high-grade 
squamous intraepithelial lesion, cannot rule out 
invasion” may be communicated to the surgeon.     

 –   Sentinel lymph node evaluation for cervical cancer 
[ 27 ,  28 ]
•    Sentinel lymph node evaluation may be performed 

at the time of hysterectomy for cervical cancer.  

•   In the absence of uniform guidelines, grossly 
 identifi able lymph nodes should be serially sec-
tioned and submitted for frozen section evaluation 
followed by careful microscopic examination, par-
ticularly at the subcapsular sinus region to identify 
microscopic metastases (Fig.  3.11 ).

 –         Most common differential diagnosis of metastatic cervi-
cal carcinoma in a lymph node includes endosalpingiosis 
and endometriosis.

•    Both lesions lack malignant cytological atypia.  
•   In contrast to subscapular sinus location of meta-

static carcinoma, endosalpingiosis is found within 
the fi brous capsule of the lymph node [see Chap.   8    ] 
or nodal medullary sinuses.  

•   Endometriosis may be found inside subscapular 
sinuses, and it is also associated with endometrial 
stroma around the glandular epithelium.  

•   Other rare mimics include transported mesothelial 
cells within the nodal capsule and ectopic decidua 
in pregnant patients and should not be over- 
interpreted as metastatic disease.            

a b

  Fig. 3.9    Cervical invasive squamous cell carcinoma. Note the friable, exophytic mass lesions with hemorrhage and necrosis ( a ,  b )       
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a b

c d

  Fig. 3.10    Cervical invasive squamous cell carcinoma. Keratinizing well-differentiated ( a ,  b ) and poorly differentiated histological subtypes ( c ,  d )       

a b

  Fig. 3.11    Cervical squamous cell carcinoma metastasis in a regional lymph node ( a ,  b )       
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    Adenocarcinoma of the Cervix 

    Endocervical Adenocarcinoma In Situ (AIS) [ 24 ] 

•     Mostly seen in patients in their thirties and forties.  
•   History of abnormal glandular cells on Pap smear is often 

present.  
•   Most cases are associated with high-risk human papillo-

mavirus (HPV) infection, mainly HPV 18.  
•   Primarily affects the transformation zone, frequently as 

multifocal and discontinuous “skip” lesions.  
•   Diagnosis of adenocarcinoma in situ should be made 

based on the presence of the following histological 
fi ndings:

 –    Cellular crowding with nuclear stratifi cation.  
 –   Moderate to severe nuclear atypia including hyper-

chromasia and nucleomegaly.  
 –   Readily identifi able mitotic fi gures: often located in 

the apical portion of cells—“jumping mitoses”—and 
apoptotic bodies.  

 –   Additional features include intraglandular epithelial 
branching, budding or cribriforming.     

•   Three subtypes of AIS can be seen:
 –     Typical/usual AIS  with uniform zone of apical cyto-

plasmic mucin of the endocervical cells.  
 –    Intestinal variant  with goblet cells and argentaffi n and 

Paneth cells.  
 –    Endometrioid variant  with lack of mucin production.  
 –   AIS may coexist with squamous intraepithelial lesion 

or invasive squamous cell carcinoma.     
•   Differential diagnosis

 –    Early invasive endocervical adenocarcinoma  
 –   Endometrial adenocarcinoma extending to/involving 

endocervical mucosa  
 –   Reactive cytological atypia including radiation- 

induced cytological changes  
 –   Lower uterine segment endometrium (especially on 

trachelectomy margin evaluation)  
 –   Atypical oxyphilic change (metaplasia)     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Separation of AIS from early invasive adenocarcinoma 

can be diffi cult at the time of frozen section diagnosis 
(see below).
•    Frozen section diagnosis of “at least in situ 

 adenocarcinoma, defer to permanent sections to rule 
out  invasion” may suffi ce for intraoperative 
management.     

 –   Reactive cytological atypia may show nuclear enlarge-
ment and multinucleation without crowding and 
increased mitotic activity.        

    Invasive Endocervical Adenocarcinoma 
(Usual Type) [ 29 ] 

•     Clinical features
 –    Represents 10–15 % of all cervical cancer.  
 –   Patients present with abnormal bleeding and mass 

lesion in 80 % of the cases.     
•   Gross pathology (Fig.  3.12 )

 –     Exophytic mass lesion is seen in around 50 % of the 
cases.  

 –   Ulcerative or infi ltrative lesions leading to barrel-
shaped cervix are not uncommon.     

•   Microscopic features
 –    Endocervical adenocarcinoma (conventional or usual 

type) (Fig.  3.13 ) represents 80–90 % of all cervical 
adenocarcinomas.

 –      Complex proliferation of medium-sized glands with 
angulated, papillary branching to cribriforming 
confi gurations.  

 –   Pseudostratifi ed epithelial cells with eosinophilic to 
amphophilic cytoplasm and minimal mucin 
production.  

 –   Obvious nuclear atypia with conspicuous nucleoli, 
brisk mitotic activity with “jumping” mitotic fi gures in 
the apical zone of the epithelium and frequent apop-
totic bodies are characteristic.  

 –   Common architectural variations include cribriform-
ing, microcystic, microglandular, papillary villous, 
and solid growth patterns [ 30 ,  31 ].     

•   Differential diagnosis
 –    Endocervical adenocarcinoma in situ  
 –   Endometrioid adenocarcinoma of the cervix  
 –   Villoglandular adenocarcinoma of the cervix  
 –   Endometrial carcinoma with cervical involvement  
 –   Metastatic adenocarcinoma  
 –   Various nonneoplastic glandular lesions including lob-

ular or diffuse endocervical glandular hyperplasia, tun-
nel clusters, and microglandular hyperplasia.     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Separation of early invasive adenocarcinoma from 

extensive in situ adenocarcinoma is based on the neo-
plastic glands showing growth confi gurations incom-
patible with the normal endocervical glandular 
distribution, including:
•    Continuous or band-like growth of dysplastic 

glands involving large areas of cervical mucosa.  
•   Glandular complexity including closely packed 

glands, marked variations of gland size and shape, 
and extensive cribriforming are highly suspicious 
for invasion.  
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•   Deeply seated glands or glands in close proximity 
to larger vasculature.  

•   In some early invasive lesions, budding of single 
cells or clusters of dysplastic cells from an in situ 
adenocarcinoma along with stromal response is 
diagnostic of early invasion.  

•   Separation of AIS from early invasive adenocarci-
noma can be diffi cult at the time of frozen section 
diagnosis (see below). Frozen section interpretation 
of “at least in situ adenocarcinoma, defer for 
 permanent sections to rule out invasion” may  suffi ce 
for clinical management.     

 –   For trachelectomy procedures in early cervical 
 adenocarcinoma of young patients (Fig.  3.14 ), at least 
5 mm proximal surgical margin clearance is recom-
mended [ 25 ].

 –      Separation of usual endocervical adenocarcinoma 
from endometrioid or villoglandular adenocarcinoma 
of the cervix is based on their distinct histological 
 features (see below).
•    Precise separation of histological subtypes of 

 invasive cervical adenocarcinoma is not critical for 
intraoperative surgical management.     

 –   Superfi cial mucosal location, well-circumscribed 
 border, and lack of the following: infi ltrative growth, 
signifi cant cytological atypia, mitotic activity, and 
stromal response, are features of nonneoplastic 
 glandular lesions.         

a b

c d

  Fig. 3.12    Invasive adenocarcinoma of the cervix. Exophytic mass lesions with ulceration and hemorrhage ( a ,  b ) or deep cervical stromal infi ltra-
tion ( c ,  d )       
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a b

c d

  Fig. 3.13    Cervical adenocarcinoma, usual type. Note the complex 
glandular proliferation with angulated, papillary confi guration ( a ,  b ) 
and infi ltrative growth with desmoplastic stromal response ( c ). 

Pseudostratifi ed mucin-poor epithelial cells have eosinophilic to 
amphophilic cytoplasm and many mitotic fi gures in the apical zone of 
the epithelium—“jumping mitotic fi gures” ( d )       
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a b

c d

  Fig. 3.14    Trachelectomy for endocervical adenocarcinoma. 
Appropriate specimen orientation is important for assessing the surgi-
cal (endocervical) margin involvement, e.g., inking the endocervical 
margin,  (a ). Endocervical adenocarcinoma shows hyperchromatic, 

enlarged nuclei, increased nuclear to cytoplasmic ratio, and loss of 
polarity ( b ). Benign glandular mimics include lower uterine segment 
endometrial glands (especially at the trachelectomy margin) ( c ) or tubal 
metaplastic epithelium ( d )       
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    Microscopic Variants of Cervical 
Adenocarcinoma 

    Villoglandular Adenocarcinoma [ 32 ] 

•     Commonly occurs in young women in their forties.  
•   Exophytic tumor without deep stromal invasion in most 

cases (Fig.  3.15 ).
•      Histologically characterized by long and slender papillae, 

surfaced by fl at tumor cells without tufting.  
•   Mild to moderately atypical cells of endocervical origin 

or endometrioid type in rare cases.  

•   Differential diagnosis includes serous and other types of 
adenocarcinoma.  

•   At the time of intraoperative frozen consultation, the 
 presence of low nuclear grade, apical cytoplasmic 
 clearing, and smooth luminal surface without tufting 
 separate villoglandular adenocarcinoma from serous 
carcinoma.
 –    Precise separation of histological subtypes of invasive 

cervical adenocarcinoma is not critical for intraopera-
tive surgical management.        

  Fig. 3.15    Villoglandular adenocarcinoma of the cervix. Note the exo-
phytic lesion with mucoid secretion involving the cervical os       
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    Endometrioid Adenocarcinoma [ 29 ,  33 ] 

•     Rare histological subtype, which may be associated with 
cervical endometriosis.  

•   Endometrioid histology with various growth patterns and 
grades.  

•   Presence of ciliated tumor cells, squamous differentia-
tion, and round to oval glands separates it from usual-type 
endocervical carcinoma.  

•   Diagnostic separation from an endometrial endometrioid 
carcinoma largely depends on the location of the tumor, 
absence of endometrial hyperplasia, and presence of asso-
ciated cervical in situ carcinoma or foci of usual-type 
endocervical adenocarcinoma.  

•   Synchronous endocervical and endometrial adenocarci-
nomas can also occur. Careful morphologic assessment 
may identify the histological evidence of two distinctly 
different, independent primary tumors (Fig.  3.16a–d ).

a b

c d

  Fig. 3.16    Synchronous endocervical and endometrial carcinomas. Note the two independent tumors involving the cervix (usual-type endocervical 
adenocarcinoma) ( a ,  b ) and the endometrium (well-differentiated endometrioid carcinoma) ( c ,  d )       
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          Mucinous Carcinomas 

•      Mucinous carcinomas  are recognized by their cytoplas-
mic mucin content in contrast to the minimal mucin pro-
duction of usual-type endocervical adenocarcinomas [ 2 ].   

 –     Intestinal-type mucinous adenocarcinoma  resembles 
colorectal adenocarcinoma and is histologically char-
acterized by the presence of goblet cells and Paneth 
cells.  

 –    Gastric-type mucinous adenocarcinoma  is featured by 
simple, but irregular to cystic glands of variable sizes. 
Cribriform to focal solid patterns may also be seen. 
The tumor cells have distinct cell borders and contain 
abundant clear to eosinophilic apical cytoplasm and 
basally located nuclei with obvious nuclear atypia.  

 –    Mucinous carcinoma of signet-ring type consists  of 
focal or diffuse signet-ring cells [ 34 ].  

 –    Minimal deviation adenocarcinoma (adenoma malig-
num or well-differentiated mucinous carcinoma of 
gastric type). 
•    Rare mucinous carcinoma with deceptively benign- 

looking glands.  
•   Firm indurated mass leading to barrel-shaped 

cervix.  
•   Deep invasion of haphazardly distributed open 

glands of highly variable sizes and unusual shapes 
is characteristic (Fig.  3.17 ).

•      Tumor cells contain abundant mucin with basally 
located nuclei.  

•   Unequivocal dysplastic glands and/or single or 
clusters of infi ltrating tumor cells with stromal 
response (Fig.  3.18 ).

•      Close juxtaposition of glands to large caliber ves-
sels, involvement of lower uterine segment myome-
trium or parametrium, and presence of 
lymphovascular or perineural invasion.  

•   Differential diagnosis
 –    Endocervical glandular hyperplasia of either lobular or 

diffuse type  

 –   Endocervicosis  
 –   Tunnel clusters  
 –   Mesonephric hyperplasia  
 –   Mesonephric adenocarcinoma  
 –   Cervical involvement by mucinous endometrial 

adenocarcinoma     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Separation from various nonneoplastic conditions is 
based on their superfi cial mucosal location, well- 
circumscribed border, and lack of infi ltrative growth, 
signifi cant cytological atypia, mitotic activity, and 
stromal response.  

 –   Separation from mesonephric and mucinous carcino-
mas is based on their distinct histological features (see 
each subheading), although such distinction is not cru-
cial at the time of intraoperative consultation.           

    Glassy Cell Carcinoma [ 35 ] 

•     Occurs in young patients less than 35 years of age  
•   Sheets of large, poorly differentiated tumor cells with 

abundant homogenous eosinophilic or amphophilic cyto-
plasm with distinct cell borders  

•   Large round to oval nuclei with prominent macronucleoli, 
brisk mitotic activity, and presence of dense infl ammatory 
infi ltrate (eosinophils, lymphocytes, and plasma cells)  

•   Differential diagnosis
 –    Squamous cell carcinoma of large cell nonkeratinizing 

type  
 –   Undifferentiated carcinoma  
 –   Lymphoepithelioma-like carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Diagnostic separation from carcinomas of other histo-

logical subtypes is based on their distinct histology 
features (see each subheading), although such distinc-
tion is not crucial at the time of intraoperative 
consultation.        
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a b

c d

  Fig. 3.17    Minimal deviation adenocarcinoma, gastric type. Note the deceptively benign-looking glands deeply invading the cervical stroma in a 
haphazard fashion ( a ,  b ) with focal close juxtaposition to large caliber vessels ( c ) and stromal response ( d )       
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a b

c d

  Fig. 3.18    Minimal deviation adenocarcinoma, gastric type. Note the abnormally shaped glands ( a ), abundant cytoplasmic mucin and basally 
located nuclei ( b ), and foci of infi ltrating, markedly atypical cells in singles or clusters with stromal response ( c ,  d )       
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    Adenosquamous Carcinoma [ 36 ] 

•     Variant of cervical carcinoma with both squamous and 
glandular differentiation and a more aggressive clinical 
behavior.  

•   Unequivocal gland formation must be present for the 
diagnosis (Fig.  3.19 ).

•      May coexist with high-grade squamous intraepithelial 
lesion and adenocarcinoma in situ.  

•   Differential diagnosis
 –    Squamous cell carcinoma with cytoplasmic 

mucin  
 –   Usual-type adenocarcinoma with focal squamous dif-

ferentiation (metaplasia)  
 –   Squamous cell carcinoma with clear cell change     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Diagnostic separation from carcinomas of other histo-

logical subtypes is based on their distinct  histological 
features (see each subheading), although such distinc-
tion is not crucial at the time of intraoperative 
consultation.        

    Adenoid Basal Carcinoma [ 37 ,  38 ] 

•     Mostly occurs in postmenopausal patients.  
•   The tumor usually does not reach the mucosal surface.  
•   Lobules of widely spaced round to oval nests of small 

 uniform cells with peripheral palisading, resembling 
basal cell carcinoma.  

•   Central cyst formation with squamous or glandular 
differentiation.  

•   Frequently associated with surface high-grade squamous 
intraepithelial lesion (HSIL).  

•   Differential diagnosis
 –    Adenoid cystic carcinoma  
 –   Benign adenoid basal hyperplasia     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Absence of pseudocysts and intraluminal hyalin mate-

rial are helpful features for separation from  adenoid 
cystic carcinoma.  

 –   Adenoid basal hyperplasia is a benign lesion simulat-
ing adenoid basal carcinoma, but is limited to within 
0.5 mm of the overlying mucosal surface with direct 
surface extension.        

a b

c d

  Fig. 3.19    Adenosquamous carcinoma of the cervix ( a–d ). Note the presence of focal glandular differentiation ( c ,  d )       
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    Adenoid Cystic Carcinoma [ 37 ] 

•     Round to oval tumor nests with characteristic cribriform-
ing due to the presence of bluish pseudocysts/cylindrical 
 hyaline basement membrane material.  

•   Palisading of tumor cells along the basement membrane 
is often found.  

•   Small basaloid cells of varying sizes with angulated 
nuclei and high nuclear to cytoplasmic ratio.  

•   Lymphovascular invasion is common.  
•   Differential diagnosis

 –    Adenoid basal carcinoma (see above)  
 –   Basaloid squamous cell carcinoma with adenoid cystic 

carcinoma-like growth pattern     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Diagnostic separation from the above entities is based 
on their distinct histological features (see each 
 subheading), although such distinction is not crucial at 
the time of intraoperative consultation.        

    Mesonephric Adenocarcinoma [ 10 ] 

•     Typically presents with vaginal bleeding in patients in 
their fi fties.  

•   Exophytic or infi ltrative mass lesion with frequent deep 
invasion into the lateral cervical wall (Fig.  3.20 ).

•      Generally ductal growth pattern with tubular glands of 
varying sizes.  

•   Intraluminal eosinophilic secretion is characteristic.  
•   Papillary, endometrioid, retiform, sex-cord-like, or spin-

dled solid patterns may be seen focally or diffusely in 
some cases (Fig.  3.21 )

•      The neoplastic glands are lined by a single layer of non- 
mucinous cuboidal cells.  

•   Cytological atypia may be minimal, but careful search 
usually helps identifying individual or clustered tumor 
cells with overt atypia in most cases, particularly in asso-
ciation with desmoplastic stromal response.  

•   Differential diagnosis
 –    Benign mesonephric hyperplasia  
 –   Usual-type endocervical adenocarcinoma  
 –   Clear cell carcinoma  
 –   Endometrioid carcinoma  
 –   Minimal deviation adenocarcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Presence of deep and haphazard infi ltration involv-

ing the outer third of the cervical wall, areas of des-
moplastic stromal response with associated 
individual or  clusters of overtly malignant cells, 
intraluminal necrotic debris, easily identifi able 
mitotic fi gures, and perineural and vascular wall 
invasion are in favor of mesonephric carcinoma over 
hyperplasia.  

 –   Tubulocystic growth pattern and clear cells with 
 hobnailed nuclei are not features of mesonephric 
 adenocarcinoma, rather are commonly seen in clear 
cell carcinoma.  

 –   The presence of adjacent mesonephric hyperplasia or 
remnants may help separating mesonephric adenocar-
cinoma from endometrioid adenocarcinoma of the 
cervix.  

 –   Diagnostic separation from other types of cervical 
 carcinomas is not crucial at the time of intraoperative 
consultation.        

    Serous Carcinoma [ 39 ] 

•     The incidence of primary cervical serous carcinoma has 
two peaks: reproductive age of <40 years and postmeno-
pausal population over 65 years of age.  

•   Vaginal bleeding and abnormal Pap smear are the most 
common clinical fi ndings.  

•   Gross and microscopic features are similar to those of 
endometrial serous carcinoma.  

•   Differential diagnosis
 –    Usual endocervical adenocarcinoma  
 –   Secondary involvement by primary endometrial serous 

carcinoma     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    In contrast to serous carcinoma, usual endocervical 
adenocarcinoma has relatively uniform tumor cells 
and lesser degree of nuclear atypia.  

 –   Frozen section diagnostic separation from primary 
endometrial serous carcinoma relies on the absence—
or minimal extent—of uterine corpus lesion.  

 –   While cervical serous carcinoma can occur in patients 
younger than 40 years old, primary endometrial serous 
carcinoma in this age group is exceedingly rare.        
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a b

  Fig. 3.20    Mesonephric adenocarcinoma of the cervix. Note the diffuse enlargement of the cervical wall by tumor infi ltration in this example 
( a ,  b )       

a b

c d

  Fig. 3.21    Mesonephric adenocarcinoma of the cervix. Note the tubular glands of varying sizes lined by uniform epithelial tumor cells with mild 
cytological atypia ( a – d )       
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    Clear Cell Carcinoma [ 40 ] 

•     High-grade adenocarcinoma, that is histologically identi-
cal to that of the endometrium.  

•   Cervical clear cell carcinoma related to DES exposure is 
seen in patients of less than 20 years of age and is rare 
nowadays. Sporadic clear cell carcinoma occurs in peri- 
and postmenopausal populations.  

•   Most common growth pattern is tubulocystic.  
•   Differential diagnosis

 –    Microglandular hyperplasia  
 –   Arias-Stella reaction  
 –   Serous carcinoma  
 –   Mesonephric adenocarcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Separation from nonneoplastic conditions is based on 

the presence of a mass lesion, infi ltrative growth, 
 signifi cant cytological atypia, mitotic activity, and 
stromal response  

 –   Diagnostic separation from mesonephric or serous 
 carcinomas is not crucial at the time of intraoperative 
consultation.        

    Neuroendocrine Carcinomas [ 41 – 43 ] 

•     Very rare cervical malignancies (<4 % of all cervical 
cancers).  

•   Low-grade neuroendocrine tumor (typical and atypical 
carcinoid tumors or grade 1 and 2 neuroendocrine tumors) 
is very rare and is histologically identical to those seen in 
the gastrointestinal tract.

 –    Grade 1 neuroendocrine tumor is characterized by its 
organoid, insular, nested, or trabecular growth of small 
uniform cells with abundant cytoplasm, granular chro-
matin, and visible nucleoli. Moderate nuclear atypia 
and mitotic activity defi ne a grade 2 neuroendocrine 
tumor.     

•   High-grade neuroendocrine carcinomas include small cell 
and large cell neuroendocrine carcinomas (Fig.  3.22 ).
 –     They occur at a wide range of age from 20s to 80s.  
 –    High-grade neuroendocrine carcinoma of the small 

cell type  is similar to small cell carcinoma of the lung, 
consisting of nests to sheets of monotonous prolifera-
tion of small cells with minimal cytoplasm, dense 
chromatin, inconspicuous nucleoli, and nuclear mold-
ing. Mitoses and apoptotic bodies are numerous. 
Single to extensive tumor cell necrosis with frequent 

crushing artifact is common, so is lymphovascular 
invasion.  

 –    High-grade neuroendocrine carcinoma of the large 
cell type  is characterized by medium to large, highly 
atypical cells with abundant cytoplasm and numerous 
mitoses. Geographic necrosis, peripheral nuclear pali-
sading, and cytoplasmic granules are common fi nd-
ings. Focal glandular formation may be present.     

•   Differential diagnosis
 –    Serous carcinoma  
 –   Poorly differentiated adenocarcinoma  
 –   Basaloid squamous cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Frozen diagnostic separation of the two types of high- 

grade neuroendocrine carcinoma or distinction from 
other cervical cancers is not crucial for intraoperative 
surgical management.        

    Metastatic Carcinomas 

•     Various malignant tumors may metastasize to the 
cervix.  

•   The most common primary sites include endometrium, 
breast, and gastrointestinal tract.  

•   Cervical involvement by endometrial carcinoma is pri-
marily a result of direct extension, but mucosal coloniza-
tion by detached fragments of endometrial carcinoma 
may also occur, leading to skip tumor involvement (“drop 
metastasis”).
 –    When endometrial endometrioid adenocarcinoma 

extends to the cervical stroma, the tumor may assume 
a deceptively mature appearance simulating a benign 
process (see Chap.   4    ).     

•   Cervical involvement by metastatic breast carcinoma 
generally presents as diffuse tumor spread that may 
also involve multiple other gynecologic organs (see 
Chap.   4    ).  

•   Cervical involvement by primary colonic adenocarci-
noma usually results from direct extension.  

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    In patients with a history of malignancy at other sites, 

morphologic comparison with the prior specimen(s)—
if available at the time of frozen section—should be 
pursued.         
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a b

c d

  Fig. 3.22    Large cell neuroendocrine carcinoma of the cervix. Large sheets ( a ) of highly atypical cells with nuclear molding, brisk mitotic activity, 
geographic necrosis, and peripheral nuclear palisading ( b – d )       
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    Mesenchymal Tumors and Mixed Epithelial 
and Mesenchymal Tumors 

    Smooth Muscle Tumors 

•     Leiomyoma occasionally occurs in the cervix (Fig.  3.23 ).
•      Primary cervical leiomyosarcoma is exceedingly rare.  
•   The diagnostic criteria essentially follow those of uterine 

smooth muscle tumors (Fig.  3.24 ).

          Mullerian Adenosarcoma 

•     Patients present with vaginal bleeding and may have his-
tory of recurrent cervical polyps.  

•   Grossly polypoid endocervical mass.  
•   Histologically biphasic tumor consisting of cystic glands 

surrounded by low-grade cellular stromal condensation 
(cuffi ng) with frequent papillary intraglandular infoldings.  

•   Mitotic fi gures are present (generally > 2/10 HPF) and are 
best identifi ed within the hypercellular periglandular areas.  

•   Mullerian-type glandular epithelium (endocervical, 
 proliferative endometrial, or tubal epithelium) with mild 
to moderate cytological atypia.  

•   Areas of hypocellular stroma and marked hyalinization 
may be seen.  

•   Sarcomatous overgrowth is diagnosed when the pure 
 sarcomatous element comprises at least 25 % of the 
tumor, often showing high-grade morphology [ 44 ].  

•   Differential diagnosis
 –    Malignant mixed Mullerian tumor (carcinosarcoma)  
 –   Adenofi broma  
 –   Endocervical polyp     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Absence of a sharply demarcated malignant epithelial 

component separates adenosarcoma from malignant 
mixed Mullerian tumor.  

 –   Unlike adenosarcoma, benign endocervical polyp and 
adenofi broma are characterized by absence of 
 periglandular stromal cell condensation and lack of 
epithelial atypia and stromal mitotic activity.        

a b

  Fig. 3.23    Cervical leiomyoma ( a ,  b ). Typical proliferation of mature smooth muscle cells of benign leiomyoma       

 

3 Uterine Cervix



55

a b

  Fig. 3.24    Cervical primary high-grade epithelioid leiomyosarcoma ( a ,  b ). Note the highly pleomorphic proliferation of large epithelioid cells with 
striking nuclear atypia, multinucleation, and tumor cell necrosis       
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    Malignant Mixed Mullerian Tumor 
(Carcinosarcoma) 

•     Most often occurs in postmenopausal patients, presenting 
with vaginal bleeding.  

•   Large polypoid mass protruding from the cervical os.  
•   Histologically sharply demarcated carcinoma and 

 sarcoma components.  

•   Carcinomatous component is generally of endocervical 
type (usual cervical adenocarcinoma, squamous cell 
 carcinoma or adenoid basal carcinoma) (Fig.  3.25 ).

•      Sarcomatous component is often of homologous 
type, including fi brosarcoma or endometrial stromal 
sarcoma.  

•   Differential diagnosis includes Mullerian adenosarcoma 
(see above).      

a b

c d

  Fig. 3.25    Cervical malignant mixed Mullerian tumor (MMMT). Note the poorly differentiated squamous carcinoma as the epithelial component 
and homologous sarcoma as the mesenchymal component in this example ( a – d )       
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    Lymphomas 

•     Diffuse large B-cell lymphoma is the most common 
 lymphoma involving the cervix [ 45 ].  

•   Clinically presents with constitutional symptoms 
 (low- grade fever, night sweats, and weight loss) and 
 elevated serum LDH.  

•   Diffuse or nodular enlargement of the cervix with 
 white- tan, soft, fl eshy cut surface (Fig.  3.26 ).

•      Histologically the tumor consists of diffuse proliferation 
of medium to large atypical lymphoid cells (Fig.  3.27a–c ).

•      Touch cytology preparation may help identifying atypical 
lymphoid cells (Fig.  3.27d ).  

•   Differential diagnosis
 –    Poorly differentiated carcinoma  
 –   Lymphoepitheliomatous SCC  
 –   Reactive lymphoid hyperplasia     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    High index of suspicion at the time of frozen section 

diagnosis is important to avoid misinterpretation as 

poorly differentiated carcinoma and unnecessary 
 surgical staging.  

 –   Unlike diffuse large B-cell lymphoma, poorly 
 differentiated carcinoma has nested growth pattern 
and lacks cytological features of atypical lymphoid 
cells.  

 –   In contrast to large B-cell lymphoma, lymphepitheli-
omatous SCC has a syncytial growth of large 
 epithelial cells with signifi cant amount of cytoplasm 
and lack of cytological features of atypical lymphoid 
cells.  

 –   Reactive lymphoid hyperplasia does not form a mass 
lesion and shows well-defi ned reactive germinal 
 centers and a background of mixed small lymphocytes 
and plasma cells.  

 –   When the diagnosis of lymphoma is suspected, fresh 
tissue sample should be triaged for additional hemato-
pathology diagnostic workup at the time of intraopera-
tive consultation.           

  Fig. 3.26    Diffuse large B-cell lymphoma ( DLBCL ). Note the diffuse 
gross involvement of the cervix       
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a b

c d

  Fig. 3.27    Diffuse large B-cell lymphoma ( DLBCL ). Note the diffuse proliferation of atypical lymphoid cells of various sizes ( a – c ) and the pres-
ence of atypical lymphoblasts in the touch cytological preparation ( d )       
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      Endometrial Epithelial Lesions       

                Introduction 

 Among endometrial epithelial lesions, common 
 nonneoplastic conditions (metaplasia, hormone-related 
changes, endometrial polyp, and gestational alterations) can 
mimic malignant or premalignant lesions of the endome-
trium. Endometrial carcinoma is the most common cancer of 
the female genital tract [ 1 ]. Long-term estrogen overload due 
to obesity, hormone replacement, oral contraceptives, and 
smoking are signifi cantly associated with the most common 
subtype, endometrioid adenocarcinoma (type 1 endometrial 
cancer, 70–80 %) [ 2 ] and its precursor lesion—atypical 
endometrial hyperplasia. A smaller subset of endometrial 
cancers (10–15 %) is represented by serous and clear 
cell  carcinomas (type 2 endometrial cancer) [ 3 ] that are 

high grade by defi nition and almost always occur in 
 postmenopausal women. Mixed carcinoma is defi ned by the 
presence of two histological subtypes of epithelial malig-
nancy, one of which is type 2 (serous or clear cell carcinoma) 
and the minor component constitutes at least 5 % of the 
entire tumor [ 4 ]. The current (2014) WHO classifi cation of 
 endometrial carcinomas [ 4 ] is summarized in Table  4.1 . 
Other histological subtypes of endometrial carcinoma are 
rare, including neuroendocrine tumors and undifferentiated/
dedifferentiated carcinomas.

   The primary goal of intraoperative consultation for 
 endometrial malignancy at the time of hysterectomy is to 
identify patients who are at high risk of pelvic and para- 
aortic lymph node involvement [ 5 ] and to avoid secondary 
staging surgery or suboptimal extended chemoradiation.  

  4

   Table 4.1    2014 World Health Organization classifi cation of endometrial carcinomas   

 Histological type  Subtype  Histological variant  Histological variant 

 Endometrioid 
carcinoma 

 Conventional  With squamous differentiation  With mucinous differentiation 

 Secretory 

 Villoglandular 

 Microglandular 

 Sertoliform 

 Ciliated 

 Mucinous carcinoma 

 Serous carcinoma  Serous endometrial 
intraepithelial carcinoma (SEIC) 

 Clear cell carcinoma 

 Neuroendocrine tumors  Low grade  Carcinoid tumor 

 High grade  Small cell neuroendocrine carcinoma 
(SCNEC) 

 Large cell neuroendocrine 
carcinoma (LCNEC) 

 Undifferentiated 
carcinoma 

 Dedifferentiated  With trophoblastic differentiation 

 Mixed carcinomas 

  Data from Kurman et al. [ 4 ]  
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    Indications for Frozen Section Diagnosis 

•     Unexpected uterine mass  
•   Clinical suspicion for endometrial malignancy without 

preoperative biopsy diagnosis  
•   Confi rming the diagnosis of carcinoma suspected on a 

prior biopsy  
•   Assessing the overall FIGO grade of tumor  
•   Determining the depth of myometrial invasion and extent 

of cervical involvement  
•   Identifying a high-grade (type 2) carcinoma component 

(serous, clear cell, or malignant mixed Mullerian tumor)    

 In general, high-risk histological parameters include pres-
ence of type 2 carcinoma component, deep myometrial 
involvement, cervical stromal invasion, and adnexal metasta-
sis. Although the grade of endometrial cancer is often avail-
able as a result of preoperative biopsy or curettage, 
endometrioid adenocarcinoma is not uncommonly heteroge-
neous with an admixed type 2 tumor component [ 6 ]. 
Therefore, gynecologic oncologists may request a frozen 
section even when the preoperative biopsy diagnosis is an 
endometrioid carcinoma. 

 Discrepancy between the endometrial biopsy/curettage 
and the staging hysterectomy is common with regard to 
tumor grade (31–54 % of cases), and the fi nal grade is 
equally likely to be higher and lower than that of the prior 
biopsy [ 6 ,  7 ]. It is important to keep in mind that frozen 

 section evaluation of endometrial cancer is not optimal, with 
signifi cant disagreement reported between the frozen section 
and permanent diagnosis in terms of tumor grade, depth of 
myometrial invasion, cervical involvement, and lymph node 
metastasis. Such inherent limitation in predicting the fi nal 
tumor grade and stage must be carefully considered by both 
the pathologist and gynecologic oncologist [ 8 ].  

    Specimen Processing for Intraoperative 
Consultation 

•     Careful gross examination of the anterior and posterior 
endo-myometrium is important to identify the presence of 
invasive carcinoma.  

•   For grossly identifi able lesions, one or two full-thickness 
sections of uterine wall should be submitted to evaluate 
the maximum depth of myometrial penetration. Sections 
of anterior and posterior cervix contiguous to the lower 
uterine segment should be submitted to assess cervical 
involvement.  

•   If there is no grossly identifi able tumor or the preopera-
tive biopsy showed atypical complex hyperplasia, repre-
sentative anterior and posterior endo-myometrial sections 
should be submitted for frozen section evaluation.  

•   Careful gross examination of adnexa is necessary, and 
frozen section evaluation of any suspicious lesions should 
be performed if endometrial malignancy is found.     

4 Endometrial Epithelial Lesions
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    Tumorlike Conditions 

    Endometrial Polyp [ 9 – 11 ] 

•     Endometrial polyp is found in about 24 % of women in 
the general population and is a rather common fi nding in 
patients receiving tamoxifen treatment for breast cancer.  

•   It may be sessile or pedunculated, single or multiple with 
size ranging from less than 1 cm to fi lling up the entire 
endometrial cavity (Fig.  4.1 ). Tamoxifen-related endome-
trial polyps tend to be large, multiple, and fi brotic grossly.

•      Polypoid confi guration, fi brotic stroma, thick-walled vas-
culature, crowded, and/or irregular endometrial glands that 
may be proliferative, atrophic, or even secretory (Fig.  4.2 ).

•      Endometrial polyps in postmenopausal patients often 
have a more prominent fi brotic stoma and less glandular 
component. Metaplastic changes of the glandular epithe-
lium, particularly endocervical-type mucinous metaplasia 
are common.  

•   Endometrial polyps may be involved by preneoplastic 
conditions including complex mucinous changes, com-
plex papillary proliferation, atypical hyperplasia (>10 % 
of cases), and early adenocarcinoma (2–3 % of cases).  

•   Differential diagnosis
 –    Polypoid adenomyoma  
 –   Atypical polypoid adenomyoma  
 –   Adenosarcoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Endometrial polyp is separated from polypoid adeno-

myoma and atypical polypoid adenomyoma by lack of 
a signifi cant smooth muscle component.  

 –   Endometrial polyp is separated from adenosarcoma by 
absence of periglandular stromal cell condensation, 
cytological atypia, and stromal cell mitotic activity.  

 –   In postmenopausal patients, careful screening for inci-
dental minute foci of serous endometrial intraepithe-
lial carcinoma (SEIC) within an endometrial polyp is 
important to ensure appropriate staging surgery at the 
time of frozen section examination.        

    Metaplastic and Reactive Changes [ 12 – 14 ] 

•     Various endometrial metaplastic or reactive changes are 
frequently associated with or mimic neoplastic lesions of 
the endometrium.  

•   Different types of metaplasias often coexist within the 
same specimen.  

•   Eosinophilic and papillary syncytial metaplasias are often 
associated with endometrial breakdown, particularly 
abnormal bleeding.  

•   Squamous metaplasia (often forming squamous morules) 
can be seen in benign endometrium, endometrioid adeno-
carcinoma, and its precursor—atypical endometrial 
hyperplasia.  

•   Tubal or ciliated metaplasia has tubal-type epithelium and 
is often found in normal proliferative endometrium or in 
isolated glands of atrophic endometrium.  

•   Clear cell metaplasia involves endometrial glands and 
shows clear cytoplasm containing glycogen.  

•   Secretory changes can be superimposed on either hyper-
plasia or carcinoma with columnar cells having sub- or 
supranuclear vacuoles.  

•   Mucinous changes, including papillary mucinous prolif-
eration, are almost always of the endocervical type and 
can be seen in benign (endometrial polyp), premalignant, 
and malignant conditions.  

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Recognition of metaplastic changes on frozen section 

at the time of hysterectomy relies on lack of invasion, 
absence of signifi cant cytological atypia, and minimal 
mitotic activity.  

 –   Mucinous changes with or without cytological atypia 
should prompt additional sampling to rule out a well- 
differentiated endometrioid carcinoma [ 15 ]. Highly 
complex mucinous proliferation with cribriform and 
branching villous epithelium and cytological atypia 
has a high frequency of associated carcinoma. 
Additional sections of the endometrium may be neces-
sary to rule out invasive carcinoma at the time of intra-
operative consultation.        

    Arias-Stella Reaction [ 16 ,  17 ] 

•     Seen in patients with concurrent gestation, trophoblastic 
disease, or high-dose progestin use.  

•   It may mimic tubulocystic histology of clear cell 
 carcinoma by its glandular irregularity, cellular budding, 
striking nuclear atypicality, hobnailing, and clear 
cytoplasm.  

•   Differential diagnosis
 –    Clear cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Aria-Stella reaction is separated from clear cell carci-

noma by its overall normal endometrial glandular dis-
tribution, absence of mitotic activity, and degenerative 
nuclear chromatin pattern.  

 –   Inquiry about concurrent gestational status or history 
of hormone therapy at the time of intraoperative 
 consultation is helpful to confi rm the diagnosis.         

Tumorlike Conditions
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a b

  Fig. 4.1    Endometrial polyp. Pedunculated ( a ) or sessile ( b ) polypoid lesions that may fi ll the entire endometrial cavity       

a b

c d

  Fig. 4.2    Endometrial polyp. Note the polypoid confi guration, fi brotic stroma, thick-walled vasculature, and irregular endometrial glands ( a – c ) and 
absence of cytological atypia ( d )       
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    Endometrial Hyperplasia [ 18 – 20 ] 

•     Clinical features
 –    Perimenopausal patients often with obesity, polycystic 

ovary syndrome, and diabetes.  
 –   Atypical hyperplasia is generally considered a precur-

sor lesion to endometrioid adenocarcinoma.     
•   Gross pathology

 –    Gross appearance is variable ranging from no obvious 
lesion to diffuse or polypoid endometrial thickening 
(Fig.  4.3 ).

•         Microscopic features
 –    Hyperplasia without atypia (Fig.  4.4 )

•     Diffuse glandular proliferation with abnormal glan-
dular architecture—irregular shapes (cystic, pouch-
ing, and branching glands) and variable sizes.  

•   Either abundant (simple hyperplasia) or diminished 
stroma resulting in glandular crowding and back-
to-back glandular confi gurations (complex 
hyperplasia).  

•   Columnar or pseudostratifi ed glandular cells with 
variable mitotic activity.  

•   Lesser degree of proliferative process may be des-
ignated as disordered proliferative endometrium, 
showing isolated glandular abnormalities scattered 
within otherwise normal proliferative 
endometrium.      

 –    Atypical hyperplasia (Fig.  4.5 )
•     Hyperplasia with cytological atypia.  

•   Diagnostic features of cytological atypia include:
 –    Cytoplasmic eosinophilia  
 –   Loss of nuclear polarity  
 –   Nuclear enlargement, rounding, and variation in size  

 –   Thickening of the nuclear membrane and chromatin 
clumping      
•    Nuclear atypia should involve a signifi cant number 

or clusters of glandular cells.  
•   Comparison with adjacent background normal, 

non-metaplastic endometrial glands is helpful to 
identify nuclear atypia.  

•   Metaplastic changes—particularly mucinous meta-
plasia—frequently involve endometrial hyperplasia 
(Fig.  4.6 ).

•            Differential diagnosis
 –    Grade 1 endometrioid adenocarcinoma (see below)  
 –   Various endometrial epithelial metaplasias  
 –   Irregular endometrial glands at the basalis  
 –   Highly compact secretory endometrium  
 –   Endometrial polyp  
 –   Atypical polypoid adenomyoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The single most important issue at the time of intraop-

erative consultation is to rule out carcinoma.  
 –   Grossly the most suspicious areas should be sampled 

for frozen sections.  
 –   Separation of atypical from non-atypical hyperplasia 

may be diffi cult but is not crucial at the time of frozen 
section evaluation.  

 –   Up to 40 % of hysterectomy specimens of patients 
with a biopsy diagnosis of atypical hyperplasia harbor 
grade 1 endometrioid carcinoma [ 21 ].  

 –   When atypical hyperplasia is diagnosed on frozen sec-
tions without defi nite evidence of carcinoma (Fig.  4.7 ), 
the entire endometrium needs to be submitted later for 
permanent microscopic examination. The surgeon 
should be informed of the possibility of endometrial 
carcinoma on permanent sections.

  Fig. 4.3    Endometrial hyperplasia. Note the areas of marked endome-
trial thickening       
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a b

c d

  Fig. 4.4    Hyperplasia without atypia (simple hyperplasia without atypia). Diffuse proliferation of both glandular and endometrial stromal compo-
nents with abnormal glandular architecture including cystic pouching and branching and absence of nuclear atypia ( a – d )       
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a b

c d

  Fig. 4.5    Atypical hyperplasia (complex atypical hyperplasia). Note the glandular crowding ( a ,  b ) and the presence of cytological atypia including 
cytoplasmic eosinophilia, loss of nuclear polarity, nuclear enlargement, and rounding ( c ,  d )       
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a
b

c d

  Fig. 4.6    Complex mucinous changes of the endometrium. Note the mucinous epithelium with a complex papillary confi guration ( a ,  b ) or complex 
glandular patterns with mild nuclear atypia ( c ,  d )       

a b

  Fig. 4.7    Atypical hyperplasia bordering on well-differentiated endometrioid carcinoma. Note the foci of markedly atypical endometrial glands 
with intraglandular crowding and cribriform architecture ( a ,  b )       
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             Endometrioid Adenocarcinoma [ 4 ,  22 ] 

•     Clinical features
 –    In its pure form, the tumor represents 60 % of all uter-

ine cancers and 20 % are mixed with other types of 
carcinomatous components.  

 –   Most cases occur in postmenopausal patients and pres-
ent with vaginal bleeding.  

 –   Most patients have unopposed estrogen stimulation, 
due to obesity, chronic anovulation (e.g., polycystic 
ovary syndrome in a young patient), estrogen- producing 
ovarian tumors, estrogen replacement therapy, and 
breast cancer patients receiving tamoxifen treatment.  

 –   Lynch syndrome is a genetic predisposing factor for 
endometrial carcinomas, particularly endometrioid type.  

 –   Often preceded by atypical endometrial hyperplasia.     

•   Gross pathology (Fig.  4.8 )
 –     Single to multiple discrete polypoid masses or diffuse, 

exophytic endometrial growth.  
 –   Occasional cases may have an endophytic/infi ltrative 

growth pattern with no obvious gross lesion.  
 –   Necrosis and hemorrhage are common.     

•   Microscopic features
 –    Confl uent proliferation with glandular, villoglandular, 

or cribriform patterns (Fig.  4.9 ).
 –      Stratifi ed glandular epithelium consisting of columnar 

tumor cells sharing a common apical cytoplasmic bor-
der, imparting on a smoothly contoured luminal sur-
face (Fig.  4.10 ).

 –      Tumor cells have variable cytological atypia and 
mitotic activity.  

 –   Ciliated tumor cells are common.  

a b

  Fig. 4.8    Endometrioid adenocarcinoma. Multiple polypoid mass lesions involving the endometrium ( a ) and myometrium ( b )       

aa bb

  Fig. 4.9    Well-differentiated endometrioid adenocarcinoma. Note the presence of confl uent, open glandular proliferation without a solid growth 
pattern ( a ,  b )       
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 –   Focal mucinous differentiation (<50 % of the entire 
tumor) is not an infrequent fi nding.  

 –   Frequent squamous differentiation, including mature 
(squamous morules, papillary surface squamous dif-
ferentiation to overt keratinization) and immature 
types (squamous metaplasia to squamous carcinoma-
tous changes).  

 –   Eosinophilic papillary syncytial metaplasia, luminal 
necrotic debris, and stromal foamy macrophages are 
also common.  

 –   Percentage of solid glandular growth determines the 
histological grade (FIGO grade) [ 23 ]: 5 % or less solid 
glandular component in FIGO grade 1, >5–50 % in 
grade 2, and >50 % in grade 3 tumors. Low FIGO 
grade tumor is upgraded by 1 grade when nuclear 
grade 3 involves more than 50 % of the entire tumor 
[ 24 ] (Figs.  4.11  and  4.12 ).

 –       Variants of endometrioid adenocarcinomas [ 25 – 32 ].

•     Secretory carcinoma:  endometrioid adenocarci-
noma with a glandular growth pattern and tumor 
cells containing uniform subnuclear and/or supra-
nuclear vacuolization.  

•    Ciliated cell carcinoma:  glandular growth pattern 
with extensive ciliated epithelial cells involving at 
least 75 % of the entire lesion.  

•    Villoglandular variant:  slender, delicate papillary 
fronds with thin, minimal stroma (Fig.  4.13 ).

•       Non-villous papillary endometrioid carcinoma:  non- 
villous branching and budding papillae simulating 
serous carcinoma on low magnifi cation, but the tumor 
cells are columnar with low nuclear grade (Fig.  4.14 ).

•       Microglandular endometrioid adenocarcinoma  
(Fig.  4.15 ): often mixed with conventional endome-
trioid adenocarcinoma with mucinous differentia-
tion; areas of the tumor show microglandular 
growth pattern simulating endocervical microglan-
dular hyperplasia.

a

c

b

  Fig. 4.10    Glandular features of endometrioid adenocarcinoma. Note the stratifi ed glandular epithelium with columnar cells sharing a common 
apical cytoplasmic border, resulting in a smoothly contoured luminal surface ( a – c )       
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a b

  Fig. 4.11    FIGO grade 2 endometrioid adenocarcinoma. Note the presence of focal solid growth pattern ( a ,  b )       

a b

c d

  Fig. 4.12    FIGO grade 3 endometrioid adenocarcinoma. Note the presence of predominant solid growth pattern ( a – d ) and marked nuclear 
atypia ( c ,  d )       
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a b

  Fig. 4.13    Villoglandular endometrioid adenocarcinoma. Note the slender, delicate papillary fronds with thin or minimal stroma ( a ,  b ) and mild 
nuclear atypia ( b )       

a b

c d

  Fig. 4.14    Non-villous papillary endometrioid adenocarcinoma. Note the presence of non-villous papillae with short branching and budding, simu-
lating serous carcinoma at low magnifi cation ( a ,  b ). However, low nuclear grade with minimal mitotic activity is seen at higher magnifi cation ( c ,  d )       
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•       Sertoliform endometrioid adenocarcinoma:  rare, 
 well- differentiated endometrioid carcinoma show-
ing focal or predominant cords to small, hollow 
tubular glands simulating Sertoli cell tumor of the 
ovary. The diagnosis relies on fi nding areas merg-
ing with conventional endometrioid carcinoma. 
Absence of endometrial stromal tumor component 
separates this variant from endometrial stromal 
tumor with sex-cord differentiation and uterine 
tumor resembling ovarian sex-cord tumor.        

•   Differential diagnosis
 –    Atypical complex hyperplasia  
 –   Serous carcinoma versus villoglandular, and non- 

villous papillary endometrioid adenocarcinoma  
 –   Clear cell carcinoma versus secretory endometrioid 

adenocarcinoma and endometrioid adenocarcinoma 
with squamous differentiation/clear cytoplasmic 
changes  

 –   Endocervical adenocarcinoma involving 
endometrium  

 –   Metastatic carcinomas from other sites (commonly 
breast and gastrointestinal origins)     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Separation of endometrial atypical hyperplasia from 

invasive carcinoma can be diffi cult, particularly at the 
time of frozen section evaluation. Thefollowing fi nd-
ings are indicative of carcinoma [ 18 ,  27 ] (see 
Fig.  4.7 ).
•    Desmoplastic stroma with fi broblasts or myofi bro-

blasts rigidly existing between the atypical glands.  
•   Stromal space replaced by aggregates of foamy 

macrophages or eosinophilic collagen.  
•   Expansile glands with confl uent, cribriforming 

 pattern or extensive papillation.  

•   When borderline histological fi ndings are present 
and no gross invasion is found, frozen section 
 interpretation as “markedly atypical hyperplasia, 
bordering on well-differentiated endometrioid 
 carcinoma” may be communicated.     

 –   Lymphovascular invasion: true lymphovascular inva-
sion should be carefully separated from mechanically 
displaced tumor cells, which is increasingly common 
in hysterectomy specimens obtained by robotic sur-
gery. True lymphovascular invasion in the absence of 
myoinvasion by a low-grade endometrioid adenocarci-
noma is very uncommon.  

 –   Cervical involvement (Fig.  4.16 ):
•     Cervical involvement is seen in 20 % of endome-

trial carcinomas.  
•   In rare cases, pseudo-maturation of endometrioid 

adenocarcinoma when involving the deep cervical 
stroma may lead to deceptively benign looking 
glands—small tubular glands with less atypical 
tumor cells that may contain eosinophilic secretion, 
therefore simulating mesonephric remnants and 
hyperplasia. The haphazard infi ltrative growth pat-
tern and merging with corpus endometrioid carci-
noma confi rms true cervical invasion.  

•   Mucosal involvement only and free-fl oating tumor 
tissue in the cervical canal does not affect clinical 
stage of the tumor.     

 –   The presence of grade 3 nuclei in an architecturally 
FIGO grade 1 tumor suggests serous carcinoma.  

 –   Separation of dedifferentiated endometrioid carcinoma 
from an otherwise conventional FIGO grade 1 or 2 
adenocarcinoma is important for prognosis due to the 
more aggressive nature of the former (see later in this 
chapter).  

a b

  Fig. 4.15    Microglandular endometrioid adenocarcinoma. Note the well-differentiated endometrioid adenocarcinoma with microglandular growth 
pattern and infl ammatory cells, simulating endocervical microglandular hyperplasia ( a ,  b )       
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 –   High index of suspicion is important to avoid 
 misinterpretation of metastatic carcinoma as  endometrial 
primary. In patients with prior history of malignancy, par-
ticularly those of breast and  gastrointestinal primaries, 
morphologic comparison with the prior specimen(s)—if 
available at the time of frozen section—should be made.  

 –   Myometrial invasion pattern [ 33 – 35 ]:
•    Common types of myometrial invasion by 

 endometrioid adenocarcinoma include expansile/
pushing invasion, infi ltrative invasion, and the 
microcystic elongated and fragmented (MELF) pat-
tern of invasion (Fig.  4.17 ).

•      Distinction between superfi cial myometrial invasion 
and irregular endo-myometrial junction may not be 
crucial at the time of frozen section diagnosis.  

•   Pseudo-myometrial invasion—adenomyosis 
involved by carcinoma. The presence of adjacent 
benign endometrial glands within the same focus, 
particularly surrounded by a rim of endometrial 
stroma, and lack of stromal response indicate 

adenomyosis colonized by carcinoma (see 
Fig.  4.17c ).  

•   Carcinoma involving the isthmic (intramyometrial) 
portion of fallopian tube may simulate myoinva-
sion. Awareness of the anatomic location of the 
 frozen section near the fallopian tube origin and 
 circumferential arrangement of smooth muscle are 
helpful features to avoid overinterpretation as deep 
myometrial invasion.  

•   Myoinvasion by gaping neoplastic glands lined by 
tufting and stratifi ed epithelium with grade 3 nuclei 
is a feature of serous carcinoma, not well- 
differentiated endometrioid carcinoma.  

•   MELF invasion pattern is associated with high risk of 
lymph node metastasis. It is recognized by the hap-
hazard infi ltration, irregular and frequently  broken 
glands with marked desmoplastic stromal response, 
and presence of infl ammatory cells (see Fig.  4.17d ).     

 –   Endometrioid carcinoma may arise from atypical 
 polypoid adenomyoma (Fig.  4.18 ).

a b

c d

  Fig. 4.16    Cervical involvement by endometrioid adenocarcinoma. The 
tumor may involve the endocervical mucosa ( a ) and stroma ( b ) and may 
assume deceptively benign-appearing tubular or cystic glandular pat-

terns ( c ,  d ). Note the deep, haphazard infi ltration of cervical stroma ( c ) 
and proximity to large-caliber vessels ( d )       
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a b

c d

  Fig. 4.17    Uterine myometrial invasion and pseudo-myoinvasion. 
Superfi cial myometrial invasion may present in either a confl uent glan-
dular pattern with a pushing front into the myometrium ( a ) or an infi l-
trative pattern ( b ). Superfi cial adenomyosis involved by carcinoma is 
recognized by the presence of adjacent benign endometrial glands 

( arrows ,  c ). The microcystic elongated and fragmented (MELF) pattern 
of myoinvasion is recognized by its haphazard infi ltration by broken 
neoplastic glands and marked desmoplastic stromal response with 
infl ammation ( d )       
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a b

c d

  Fig. 4.18    Well-differentiated endometrioid adenocarcinoma arising in an atypical polypoid adenomyoma (APA). Note the well-differentiated 
endometrioid carcinoma involving areas of glandular component of APA ( a – c ). Focal typical histological features of APA are present ( d )       
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             Mucinous Carcinoma [ 15 ,  36 ] 

•     Mucinous carcinoma is defi ned by at least 50 % of tumor 
cells showing cytoplasmic mucin production  

•   Clinical characteristics are similar to those of conven-
tional endometrioid adenocarcinoma.  

•   Gross lesions may have a soft mucoid appearance.  
•   Majority of tumors consist of glandular cells with apical 

pale mucin, arranged in glandular (Fig.  4.19 ), 
 cribriforming, villoglandular, or microglandular patterns 
(Fig.  4.20 ).

•       Myoinvasive component frequently shows well- 
differentiated endometrioid carcinoma with lesser degree 
of mucinous differentiation.  

•   Tumor grading is similar to that of the conventional endo-
metrioid carcinoma—most mucinous carcinomas are 
grade 1 tumors.  

•   Differential diagnosis
 –    Endocervical mucinous adenocarcinoma involving 

endometrium  
 –   Complex mucinous changes of the endometrium  
 –   Microglandular hyperplasia of the cervix (when tumor 

involves cervix or low uterine segment endometrium)     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    In contrast to mucinous carcinoma, complex mucinous 
changes lack stromal invasion (see atypical 
hyperplasia).  

 –   Microglandular endometrioid adenocarcinoma 
 involving the cervix is typically contiguous with the 
endometrial tumor in contrast to the isolated fi nding 
of microglandular hyperplasia involving only the 
 endocervix or an endocervical polyp.  

 –   Separation from endocervical mucinous carcinoma 
primarily relies on the location of the tumor.        

a b

c d

  Fig. 4.19    Mucinous adenocarcinoma of the endometrium. Note the confl uent glandular proliferation with open lumens ( a ,  b ), relatively mild 
nuclear atypia, and presence of intracytoplasmic mucin in the majority of the tumor cells ( c ,  d )       
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a b

c d

  Fig. 4.20    Mucinous endometrial adenocarcinoma with microglandular pattern. Note the presence of cytoplasmic mucin and microglandular 
growth pattern simulating benign microglandular hyperplasia of the cervix ( a – d )       
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    Serous Carcinoma 

•     Clinical features [ 11 ,  37 – 39 ]:
 –    Accounts for 10 % of all endometrial cancers.  
 –   Almost always occurs in postmenopausal patients and 

is typically not associated with obesity or estrogen 
overload.  

 –   Pelvic irradiation is a risk factor.  
 –   Postmenopausal bleeding is the most common symp-

tom, although many patients are asymptomatic.     
•   Gross pathology (Fig.  4.21 )

 –     Full-blown serous carcinoma is indistinguishable from 
endometrioid adenocarcinoma macroscopically.  

 –   Minimal serous carcinoma frequently involves an 
endometrial polyp in a background of atrophic 
endometrium.     

•   Microscopic features
 –    Various growth patterns including the following 

(Fig.  4.22 ):
•     Complex papillary growth of mostly short blunt 

cellular papillae with minimal stroma, cellular 
buds, and detached fl oating cell clusters.  

•   Irregular slit-like glandular spaces or microcysts.  
•   Glandular pattern is not uncommon.  
•   Solid nest or sheets rarely exist.     

 –   Gaping irregular glandular pattern when invading the 
myometrium (Fig.  4.23 ).

 –      Characteristic scalloped/serrated glandular or luminal 
surfaces as a result of markedly uneven stratifi cation of 
tumor cells (Fig.  4.24 ).

 –      Frequent lymphovascular invasion.  
 –   Grade 3 nuclear atypia (Fig.  4.25 )

•     Marked nuclear pleomorphism, karyomegaly, and 
hyperchromasia.  

•   Bizarre nuclei, multinucleation, and hobnailing are 
common.  

•   Characteristic macronucleoli, often cherry red in 
color with a perinucleolar halo.  

•   Ubiquitous mitoses with frequent atypical forms.     
 –   50 % of serous carcinomas are mixed with an endome-

trioid or clear cell carcinoma component.  
 –   Background endometrium is almost always atrophic or 

shows an endometrial polyp.     
•   Differential diagnosis

 –    Well-differentiated endometrioid carcinoma including 
villoglandular and non-villous papillary variants  

 –   Poorly differentiated endometrioid carcinoma with 
high nuclear grade  

 –   Clear cell carcinoma  
 –   Undifferentiated carcinoma  
 –   Malignant mixed Mullerian tumor  

 –   Metastatic carcinomas  
 –   Metaplastic or reactive benign conditions (papillary 

syncytial metaplasia, radiation changes, Arias Stella 
reaction) that mimic serous endometrial intraepithelial 
carcinoma (SEIC), particularly when involving an 
endometrial polyp     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The key intraoperative issue is to identify or confi rm 

the presence of serous carcinoma, either pure or mixed, 
to ensure appropriate surgical staging (Table  4.2 ).
•     Complete surgical staging including omentectomy 

and para-aortic lymph node dissection is commonly 
performed for serous carcinoma.  

•   In constract, the extent of surgical staging may vary 
for endometrioid carcinoma. Complete surgical 
staging is recommended for those with deep myo-
metrial invasion and high-grade histology, while 
less extensive surgical staging may be appropriate 
for low-grade and non- myoinvasive tumors.     

 –   Endometrial serous carcinoma almost always occurs in 
postmenopausal patients. Diagnosis of endometrial 
serous carcinoma in a premenopausal woman should 
be avoided, unless it is a secondary involvement from 
a cervical or ovarian primary.  

 –   Villoglandular and non-villous papillary endometrioid 
carcinomas may simulate serous carcinoma at low 
magnifi cation. Both villoglandular and non-villous 
papillary endometrial carcinomas have a nonstratifi ed, 
single layer of low-grade tumor cells (see Figs.  4.13  
and  4.14 ).  

 –   Microglandular endometrioid carcinoma can be sepa-
rated from endometrial serous carcinoma by its typical 
cribriform glands and generally low nuclear grade, 
rather than slit-like growth pattern and high nuclear 
grade in endometrial serous carcinoma.  

 –   Clear cell carcinoma is separated from serous carci-
noma mainly by histological and cytological fi ndings 
(see Table  4.2 ).  

 –   Presence of distinct sarcomatous elements is diagnostic 
of malignant mixed Mullerian tumor (carcinosarcoma).  

 –   Serous endometrial intraepithelial carcinoma 
(Fig.  4.26 ) and minimal invasive serous carcinoma 
(intramucosal invasive serous carcinoma of < 1 cm) 
(Fig.  4.27 ) frequently involve or arise from an endo-
metrial polyp [ 11 ,  40 ].

 –       Early serous carcinoma can be  an incidental fi nding—
recognition of the lesion at the time of frozen section is 
clinically relevant to ensure appropriate surgical stag-
ing and to avoid a second surgery, as up to 50 % of 
these cases already have extrauterine spread at the time 
of hysterectomy.        
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  Fig. 4.21    Endometrial serous carcinoma. Note the presence of large 
polypoid endometrial mass lesions       

a b

c d

  Fig. 4.22    Microscopic growth patterns of endometrial serous carcinoma. Various histological patterns may be seen, including papillary ( a ), slit- 
like ( b ), glandular ( c ), and villoglandular pattern ( d )       
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a b

  Fig. 4.23    Myometrial invasion by serous carcinoma. Note the characteristic gaping glandular pattern infi ltrating the myometrium ( a ,  b )       

a bb

  Fig. 4.24    Endometrial serous carcinoma with characteristic scalloping or undulating glandular surface as a result of uneven stratifi cation of high- 
grade tumor cells ( a ,  b )       
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a b

c d

  Fig. 4.25    Cytological features of endometrial serous carcinoma. Note the marked nuclear atypia, including high nuclear to cytoplasmic ratio, 
nucleomegaly, hyperchromasia, macronucleoli, and ubiquitous mitotic fi gures ( a – d )       

    Table 4.2    Frozen section diagnosis of major subtypes of endometrial carcinomas   

 Endometrioid  Serous  Clear cell 

 Patient characteristics  Peri- or postmenopausal, often obese  Postmenopausal  Postmenopausal 

 Background 
endometrium 

 Atypical hyperplasia  Endometrial polyp or atrophic  Atrophic 

 Histological features  Glandular, villoglandular, or 
cribriforming growth pattern 

 Complex, short blunt, stroma- poor 
papillae, cell buds, and fl oating 
clusters 

 Tubulocystic, glandular, papillary, or 
solid growth patterns 

 Columnar cells with common apical 
border and smooth luminal surface 
of tumor glands 

 Gaping irregular glands with 
scalloped luminal surface 

 Polygonal or hobnail cells with clear 
or eosinophilic cytoplasm forming 
scalloped luminal surface 

 Variable degree of cytological atypia 
and mitotic activity 

 Grade 3 nuclei, high nuclear to 
cytoplasmic ratio, macronucleoli, 
numerous mitoses, and atypical 
mitoses 

 Uniform to highly pleomorphic 
tumor cells with variable mitotic 
activity 

 Frequent squamous differentiation  Frequent stromal infl ammatory cells  Hyalinized stromal cores of tumor 
papillae and extracellular hyaline 
bodies 

 Extent of surgical 
staging 

 Varies, depending on tumor grade 
and extent of invasion 

 Complete surgical staging  Complete surgical staging 
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a b

c d

  Fig. 4.26    Serous endometrial intraepithelial carcinoma involving an endometrial polyp. Note the high-grade tumor cells replacing the endometrial 
surface and glandular epithelium without stromal invasion ( a – d )       

a b

  Fig. 4.27    Minimal invasive serous carcinoma involving an endometrial polyp. In addition to serous endometrial intraepithelial carcinoma, areas 
of the lesion show stromal invasion, but the overall size of the lesion is less than 1 cm ( a ,  b )       
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    Clear Cell Carcinoma (CCC) [ 41 ,  42 ] 

•     Clinical features
 –    Represents less than 5 % of endometrial cancers.  
 –   Most patients are postmenopausal at the time of 

presentation.  
 –   Vaginal bleeding is the most common symptom 

although many patients are asymptomatic.     
•   Gross pathology (Fig.  4.28 )

 –     Grossly indistinguishable from other endometrial 
adenocarcinomas.  

 –   Early clear cell carcinoma may involve an endometrial 
polyp.     

•   Microscopic features
 –    Growth patterns include tubulocystic, papillary (short 

and branching papillae with hyalinized stromal cores) 
and solid; often admixture of the above patterns 
(Fig.  4.29 ).

 –      Presence of extracellular eosinophilic globules or hya-
line bodies (Fig.  4.30 ).

 –      Scalloped/serrated glandular or luminal surfaces as a 
result of markedly uneven stratifi cation of tumor cells.  

 –   Intraglandular mucin is often found and cytoplasmic 
mucin droplets may be seen in some cases.  

 –   Characteristic cytological features (Fig.  4.31 )
•     Polygonal tumor cells with optically clear to 

 eosinophilic cytoplasm and hobnailing.
 –    Cytoplasmic clearing may be diffi cult to 

 appreciate on frozen section slides.     
•   Cells with abundant oxyphilic cytoplasm or 

 fl attened small clear cells with psammomatous 
 calcifi cation can be seen.  

•   High-grade nuclear atypia including high nuclear/
cytoplasmic (N/C) ratio, marked nuclear pleomor-
phism, nucleomegaly, hyperchromasia, and pres-
ence of bizarre nuclei or multinucleation.  

•   Most but not all tumors have numerous mitoses and 
atypical mitotic fi gures.        

•   Differential diagnosis
 –    Serous carcinoma  
 –   Endometrioid carcinomas, particularly secretory 

 subtype and those with clear cell squamous 
differentiation  

 –   Epithelioid leiomyosarcoma  
 –   Gestational trophoblastic tumors (placental site 

 trophoblastic tumor and epithelioid trophoblastic 
tumor)  

 –   Arias-Stella reaction  
 –   Clear cell metaplasia with reactive cytological atypia  
 –   Adenomatoid tumor involving myometrium  
 –   Mesothelioma of epithelioid type     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Clear cell carcinoma should be separated from endo-

metrioid carcinomas due to its tendency for deep myo-
metrial invasion, high frequency of metastases, and 
unfavorable prognosis.  

 –   Clear cell changes in squamous differentiation 
of  endometrioid carcinoma merge with typical squa-
mous areas, particularly at the periphery of the tumor 
nests.  

 –   Mucinous carcinoma shows abundant cytoplasmic 
mucin production in at least 50 % of the tumor cells, 
compared to the cytoplasmic water-clear glycogen in 
clear cell carcinoma cells.  

 –   The presence of tubulocystic or solid growth patterns, 
hyalinized stromal cores, or extracellular hyaline glob-
ules is in favor of clear cell carcinoma over serous 
carcinoma.  

 –   Presence of sarcomatous elements establishes the 
diagnosis of malignant mixed Mullerian tumor.  

 –   Arias-Stella reaction may simulate the cytological 
changes of clear cell carcinoma (hobnailing, karyomeg-
aly, and hyperchromasia); however, the overall endo-
metrial architecture is preserved and mitotic activity is 
absent.        
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a b

  Fig. 4.28    Clear cell carcinoma. Friable solid mass lesions involving the endo-myometrium with necrosis and hemorrhage ( a ,  b )       

a b

c d

  Fig. 4.29    Histological patterns of clear cell carcinoma. Note the presence of tubular ( a ), glandular ( b ,  c ), and solid ( d ) patterns in these 
examples       
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a b

  Fig. 4.30    Intra- and extracellular eosinophilic globules or hyaline bodies in endometrial clear cell carcinoma ( a ,  b )       

a b

  Fig. 4.31    Cytological features of endometrial clear cell carcinoma. Note the presence of polygonal tumor cells with clear to eosinophilic cyto-
plasm, hobnailing, and marked nuclear atypia ( a ). Uniformly high-grade tumor cells can be seen in some cases ( b )       
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    Undifferentiated Carcinoma 
and Dedifferentiated Carcinoma [ 4 ,  43 – 45 ] 

•     Median age of patients with undifferentiated carcinoma is 
55 years.  

•   Histologically diffuse proliferation of discohesive cells 
arranged in sheets (Fig.  4.32 ).

•      The tumor cells are monotonous, round, or polygonal with 
scant cytoplasm, large vesicular nuclei, prominent nucle-
oli, and dense chromatin. Mitotic fi gures are numerous.  

•   No evidence of lineage differentiation (solid growth with-
out any pattern or glandular formation).  

•   Tumor necrosis may be abundant and stromal infi ltrating 
lymphocytes are common.  

•   Dedifferentiated carcinoma is defi ned by the presence of 
both undifferentiated carcinoma and well-differentiated 
endometrioid carcinoma (Fig.  4.33 ).
 –     The two components are histologically distinct and 

occupy separate tumor areas.  
 –   The well-differentiated endometrioid carcinoma com-

ponent is usually a mucosal lesion and the undifferen-
tiated tumor is often myoinvasive and biologically 
more aggressive.  

 –   The undifferentiated component must represent at least 
20 % of the entire tumor to qualify for such diagnosis.  

 –   On frozen section, dedifferentiated carcinoma should 
be separated from endometrioid carcinoma by its 

 distinct solid undifferentiated component, which may 
be mistakenly interpreted as a solid growth for the 
overall grading of an endometrioid carcinoma 
(Table  4.3 ), therefore underestimating tumor grade.         

    Neuroendocrine Carcinomas [ 46 – 48 ] 

•     Small cell neuroendocrine carcinoma: histologically sim-
ilar to small cell carcinoma of the lung with small disco-
hesive tumor cells of high N/C ratio, dark chromatin, 
nuclear molding, numerous mitoses, and presence of 
necrosis.  

•   Large cell neuroendocrine carcinoma: high-grade large 
tumor cells in nests or cords with peripheral palisading 
and geographic necrosis.  

•   Frozen section diagnosis of high-grade carcinoma is suf-
fi cient for guiding subsequent surgical staging.    

 Rare endometrial tumor types include giant cell carci-
noma, lymphoepitheliomatous carcinoma, hepatoid carci-
noma, and poorly differentiated carcinoma with trophoblastic 
differentiation. Primary endometrial squamous cell carci-
noma is very rare, and the diagnosis requires absence of 
 connection to cervical squamous epithelium, lack of any 
glandular components, and absence of invasive squamous 
cell carcinoma of the cervix.  

a b

  Fig. 4.32    Undifferentiated endometrial carcinoma. Note the presence of discohesive, high-grade carcinoma cells forming large solid sheets ( a ,  b )       
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a b

c d

  Fig. 4.33    Dedifferentiated endometrial carcinoma. Note the presence of two distinct areas of undifferentiated carcinoma ( a – d ) and 
 well- differentiated endometrioid adenocarcinoma ( a ,  b ,  left side of images )       

   Table 4.3    Differential diagnosis of low-grade endometrioid adenocarcinoma, dedifferentiated carcinoma, and undifferentiated carcinoma   

 Endometrioid carcinoma  Dedifferentiated carcinoma  Undifferentiated carcinoma 

 Overall histology  Relatively uniform histology  Separate glandular and solid areas  Uniform histology 

 Growth pattern  Endometrioid glandular pattern  Endometrioid glandular and 
undifferentiated solid patterns 

 Undifferentiated solid pattern 

 Cytological atypia  Variable; grade dependent  Low-grade atypia in glandular and 
high-grade atypia in solid areas 

 Uniformly high grade 

 Prognosis  Grade dependent  Aggressive  Aggressive 
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    Mixed Carcinomas [ 4 ,  49 ] 

•     Represent 10 % of endometrial cancer.  
•   Defi ned by the presence of more than one histological 

subtype of carcinoma, at least one of which falls in type 2 
category (serous or clear cell carcinoma) (Fig.  4.34 ).

•      Each component comprises at least 5 % of the entire 
tumor [ 4 ].  

•   Recognition of mixed carcinoma at the time of 
 intraoperative consultation is clinically relevant, as 
complete surgical staging should follow. This may be 
one of the reasons that surgeons request frozen section 
evaluation of a hysterectomy specimen even when the 
patient’s preoperative diagnosis is endometrioid 
adenocarcinoma.     

a b

c

  Fig. 4.34    Mixed endometrial carcinoma. Note the presence of admixed endometrioid ( a ,  left side of image ;  b ) and clear cell carcinoma compo-
nents in this example ( a ,  right side of image ;  c )       
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    Metastatic Carcinomas [ 50 ,  51 ] 

•     Secondary endometrial involvement by carcinomas from 
other sites generally represents systemic dissemination. 
However, not infrequently, the history of prior malig-
nancy is not available at the time of intraoperative 
consultation.  

•   It is important at the time of frozen section diagnosis to 
recognize metastatic carcinoma to avoid unnecessary 
gynecologic surgical staging.  

•   The most frequent sources of metastatic carcinoma 
involving the endometrium are breast and gastrointestinal 
primaries.

 –    Endometrial involvement by breast lobular carcinoma 
may be very subtle on frozen sections (Fig.  4.35 ).

 –      Metastatic ductal carcinoma of the breast may simulate 
endometrioid or even clear cell carcinoma (Fig.  4.36 ).

 –      Signet-ring cell carcinoma is the most common 
 metastatic carcinoma from the gastrointestinal tract.     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Metastatic carcinoma should be suspected:

•    When the histological fi ndings are unusual for 
endometrial carcinoma.  

•   There is absence of background endometrial 
 atypical hyperplasia.  

•   Abundant lymphovascular involvement should 
raise suspicion for metastatic carcinoma, and the 
fi ndings should be communicated to the operating 
surgeon.  

•   Presence of a large fi brotic endometrial polyp 
should raise the possibility of prior breast cancer 
and tamoxifen treatment.        

•   Morphologic comparison with the patient’s known 
 primary tumor should be pursued whenever possible.        

a b

c d

  Fig. 4.35    Metastatic lobular carcinoma of the breast. Note the pres-
ence of carcinoma cells arranged in singles or cords involving the endo- 
myometrium ( a ,  b ), surrounding and sparing the entrapped benign 

endometrial glands ( b ,  c ). Some tumor cells have signet-ring morphol-
ogy with eccentric nuclei and intracytoplasmic mucin ( c ,  d )       
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a b

c d

  Fig. 4.36    Metastatic ductal carcinoma of the breast. Note the presence of glandular and tubulocystic growth patterns ( a ,  b ) with marked nuclear 
atypia, hobnailing, and clearing ( c ,  d ), simulating endometrial clear cell carcinoma in this example       
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      Uterine Mesenchymal Tumors       

                Introduction 

 Uterine mesenchymal neoplasms are generally divided into 
smooth muscle tumors, endometrial stromal tumors, perivascu-
lar epithelioid cell tumors, and other mesenchymal tumors of 
both homologous and heterologous tissue types. In addition, 
tumors with mixed epithelial and mesenchymal components 
are also included in this chapter (Table  5.1 ) [ 1 ]. While benign 

leiomyomas are very common, uterine leiomyosarcoma and 
endometrial stromal tumors are rare, frequently unexpected 
lesions at the time of frozen section. The primary function of 
intraoperative consultation of uterine mesenchymal lesions in a 
hysterectomy specimen is to rule out malignancy. Careful gross 
inspection with attention to tumor border infi ltration, color, and 
texture is crucial for adequate sampling of a uterine mesenchy-
mal neoplasm for frozen section evaluation.

  5
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    Table 5.1    2014 World Health Organization classifi cation of uterine mesenchymal tumors. Data from Kurman et al. [1]   

 Major heading  Subheading  Subtype  Variant  Variant  Variant 

 Endometrial 
stromal tumors 

 Endometrial stromal 
nodule 

 With smooth muscle 
differentiation 

 Endometrial stromal 
sarcoma 

 Low-grade endometrial 
stromal sarcoma 

 With smooth muscle 
differentiation 

 High-grade endometrial 
stromal sarcoma 

 Mixed epithelial 
and stromal tumors 

 Adenomyoma  Atypical polypoid 
adenomyoma (APA) 

 Adenosarcoma  With sarcomatous 
overgrowth 

 Malignant mixed 
Mullerian tumor 
(carcinosarcoma) 

 Smooth muscle 
tumors 

 Spindle smooth muscle 
tumor 

 Leiomyoma  Mitotically active 
leiomyoma 

 Leiomyoma with 
bizarre nuclei 

 Cellular 
leiomyoma 

 Leiomyosarcoma 

 Epithelioid smooth 
muscle tumor 

 Epithelioid leiomyoma  Plexiform tumorlet 

 Epithelioid leiomyosarcoma 

 Myxoid smooth muscle 
tumor 

 Myxoid leiomyoma 

 Myxoid leiomyosarcoma 

 Smooth muscle tumor of 
uncertain malignant 
potential (STUMP) 

 Smooth muscle tumor 
with unusual growth 
pattern or clinical 
behavior 

 Diffuse leiomyomatosis 

 Dissecting leiomyoma 

 Intravenous leiomyomatosis 

 Metastasizing leiomyoma 

 Perivascular 
epithelioid cell 
tumors (PEComa) 

 Conventional PEComa  PEComatosis 

 Other mesenchymal 
and miscellaneous 
tumors 

 Homologous sarcoma  Angiosarcoma 

 Fibrosarcoma 

 Neurogenic sarcoma 

 Heterologous sarcoma  Rhabdomyosarcoma 

 Alveolar soft part sarcoma 

 Rhabdoid tumor 

 Proximal epithelioid 
sarcoma 

 Undifferentiated uterine 
sarcoma 

 Uterine tumor 
resembling ovarian 
sex-cord tumor 

 Infl ammatory 
myofi broblastic tumor 

 Adenomatoid tumor 
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       Smooth Muscle Tumors 

 Smooth muscle tumors of the uterus (see Table  5.1 ) [ 1 ] 
are categorized into leiomyoma, leiomyosarcoma, smooth 
muscle tumor of uncertain malignant potential (STUMP), 
and subsets of histologically mature smooth muscle 
tumors with either unusual growth patterns or unique 
clinical behavior (benign metastasizing leiomyoma, 
intravenous leiomyomatosis, diffuse peritoneal leiomyo-
matosis, peritoneal parasitic leiomyoma, uterine leiomy-
omatosis, and dissecting leiomyoma/cotyledonoid 
leiomyoma). 

    Conventional Leiomyoma 

•     Clinical features
 –    The most common uterine mesenchymal tumor seen in 

over 2/3 of hysterectomy specimens.  
 –   Vaginal bleeding and pelvic pain or pressure are com-

mon clinical presentations.     
•   Gross pathology (Fig.  5.1 )

 –     Round to oval nodule involving submucosa, myome-
trium, or subserosa with multiple lesions seen in 2/3 of 
the cases  

 –   Well-circumscribed, rubbery fi rm, and solid masses 
with bulging and whorled cut surface  

 –   Frequent degenerative changes leading to various col-
ors (red, brown, yellow, and hemorrhagic) and texture 
(edematous, fl eshy to obviously necrotic), particularly 
in a large tumor (Fig.  5.2 ) and may be quite alarming 
for possible malignancy (Fig.  5.3 )

•          Microscopic features
 –    Nodular proliferation of fascicles or bundles of mature, 

elongated smooth muscle cells with eosinophilic cyto-
plasm, and a centrally located cigar-shaped nucleus 
(Fig.  5.4 ).

 –      Rich vasculature with characteristic gaping, thick-
walled large caliber vessels.  

 –   Intratumoral hyalinization is common and may be 
extensive in some cases.  

 –   Secondary changes
•    Infarction-type necrosis with typical zonal confi gu-

ration (necrotic smooth muscle cells are surrounded 
by a rim of granulation or fi brous tissue with vary-
ing degrees of hyalinization).  

•   Intratumoral hemorrhage or red degeneration 
 (commonly seen after hormonal treatment, with con-
current pregnancy or secondary to uterine artery 
embolization for symptomatic leiomyomas) (Fig.  5.5 ).

a b

  Fig. 5.1    Various gross presentations of uterine leiomyomas. Note the well-circumscribed round to oval nodules ( a ) with bulging, solid, and 
whorled cut surfaces ( b )       
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a b

  Fig. 5.3    Leiomyomas with a gross appearance suspicious for malignancy. Note the large areas of necrosis and hemorrhage ( a ,  b )       

a b

c

  Fig. 5.2    Leiomyomas with degenerative changes. Note the varying colors ( white ,  brown,  or  yellow ) and texture (firm, fibrotic, or soft, 
edematous) ( a – c )       
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a b

c d

  Fig. 5.4    Conventional leiomyoma. Note the mature smooth muscle proliferation in fascicles and bundles with variable stromal hyalinization ( a – c ) 
and characteristic cigar-shaped nuclei of the tumor cells ( d)        
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a b

c d

  Fig. 5.5    Leiomyoma with hemorrhagic infarction due to therapeutic 
embolization. Note the characteristic zonal arrangement of the infarcted 
area, with gradual transition to granulation tissue and to viable smooth 

muscle cells ( a – c ). Intravascular foreign material—used for emboliza-
tion—is apparent ( d )       
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                Leiomyoma Variants 

•      Cellular leiomyoma  [ 2 ]
 –    Grossly fl eshy tumor nodules.  
 –   Histologically hypercellular compared to adjacent 

myometrium, some approaching the cellularity of an 
endometrial stromal tumor (Fig.  5.6 ).

 –      Cleft-like or gaping, thick-walled vascular spaces are 
common.  

 –   Tumor border may show focal irregular extension into 
the adjacent myometrium.  

 –   Differential diagnosis
•    Low-grade endometrial stromal sarcoma  
•   Smooth muscle tumor of uncertain malignant 

potential (STUMP)  
•   Leiomyosarcoma        

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The presence of fascicular growth pattern and large, 

gaping vessels favors a leiomyoma over an endome-
trial stromal tumor.  

 –   In contrast to STUMP and leiomyosarcoma, cellular 
leiomyoma has minimal mitotic activity and absence of 
coagulative tumor cell necrosis and cytological atypia.  

 –   When in doubt, interpretation of “smooth muscle tumor, 
classifi cation is deferred for permanent sections” is rec-
ommended for conservative surgical management.     

•    Leiomyoma with bizarre nuclei or symplastic leiomy-
oma  [ 1 ,  3 ]
 –    The salient microscopic fi nding is the focal or diffuse 

presence of scattered, large atypical smooth muscle 
cells with abundant eosinophilic cytoplasm and bizarre 
nuclear shapes and multinucleation.  

 –   The bizarre tumor cells have hyperchromatic nuclei 
with frequent intranuclear inclusions.  

 –   Low mitotic count of less than 5 per 10 high-power 
fi elds (HPF)  

 –   Differential diagnosis (Table  5.2 )
•     Leiomyosarcoma     

 –   Diagnostic pitfalls/key intraoperative consultation 
issues
•    In contrast to leiomyosarcoma, leiomyoma with 

bizarre nuclei lacks diffuse moderate to severe cyto-
logical atypia, mitotic activity, and coagulative 
tumor cell necrosis.  

•   Chromatin condensation and fragmentation should 
not be misinterpreted as mitoses or atypical mitotic 
fi gures.  

•   When in doubt, interpretation of “smooth muscle 
tumor with atypical features, classifi cation is 
deferred for permanent sections” may be communi-
cated for conservative surgical management.        

•    Mitotically active leiomyoma 
 –    The tumor may be associated with high progestin lev-

els (secretory phase, pregnancy, or exogenous hor-
mones) [ 1 ,  4 ,  5 ].  

 –   Histologically typical leiomyoma or cellular leiomy-
oma with 4–15 mitoses per 10 HPF.  

 –   Signifi cant nuclear atypia and coagulative tumor cell 
necrosis are absent.  

 –   Differential diagnosis (see Table  5.2 )
•    Leiomyosarcoma     

 –   Diagnostic pitfalls/key intraoperative consultation 
issues
•    In contrast to leiomyosarcoma, mitotically active 

leiomyoma lacks diffuse cytological atypia and 
coagulative tumor cell necrosis.  

•   When in doubt, interpretation of “smooth muscle 
tumor with increased mitotic activity, classifi cation 
is deferred for permanent sections” is recommended 
for conservative surgical management.        

•    Apoplectic leiomyoma  (Fig.  5.7 ) [ 6 ,  7 ]
 –     Patient with history of progestin treatment for symp-

tomatic leiomyoma.  
 –   Grossly typical leiomyoma with foci of hemorrhage.  
 –   Histologically cellular leiomyoma with areas of hem-

orrhage and necrosis surrounded by zones of cellular 
smooth muscle proliferation that may have increased 
mitotic activity (Fig.  5.8 ), but no more than 8 per 10 
HPF [ 7 ].

 –      Granulation tissue, hyalinization, and myxoid degen-
eration may occur.  

 –   Differential diagnosis
•    Leiomyosarcoma     

 –   Diagnostic pitfalls/key intraoperative consultation 
issues
•    The tumor lacks nuclear atypia and coagulative 

tumor cell necrosis.  
•   When in doubt, interpretation of “smooth muscle 

tumor with atypical features, classifi cation is 
deferred for permanent sections” is recommended 
for conservative surgical management.        

•    Myxoid leiomyoma  (Fig.  5.9 )
 –     Rare variant of leiomyoma that may be associated with 

a concurrent pregnancy.  
 –   Marked hypocellularity with small spindle or stellate 

cells embedded in a myxoid matrix [ 8 ].  
 –   Some myxoid leiomyomas may have an infi ltrative 

border.  
 –   Nuclear atypia, coagulative tumor cell necrosis, and 

mitotic activity are absent (Fig.  5.10 ).
 –      Differential diagnosis

•    Leiomyosarcoma     

Smooth Muscle Tumors
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 –   Diagnostic pitfalls/key intraoperative consultation issues
•    For any myxoid tumor with an infi ltrative tumor bor-

der or any level of noticeable mitotic activity, an inter-
pretation of “myxoid smooth muscle tumor cannot 
rule out malignancy or defer to permanent section” is 
recommended for conservative surgical management.        

•    Epithelioid leiomyoma (leiomyoblastoma)  [ 9 ] (Fig.  5.11 )
 –     Grossly indistinguishable from conventional leiomyoma.  
 –   Histological proliferation of polygonal to round cells 

in sheets, nests, or cords (Fig.  5.12 ).
 –      Admixture with conventional spindled smooth muscle 

cells is common.  
 –   Tumor cells have eosinophilic or clear cytoplasm.  
 –   Absence of cytological atypia, necrosis, and mitotic 

activity.  
 –   Its microscopic variant, plexiform tumorlet is gener-

ally  an incidental microscopic fi nding [ 10 ], most often 
solitary but may also be multiple.     

•    Diffuse leiomyomatosis  [ 11 ]
 –    Presence of numerous cellular leiomyomatous nodules 

merging into each other and diffusely involving the 
myometrium, leading to diffuse and symmetrical 
enlargement of the uterus.  

 –   Histologically the tumor is identical to conventional 
leiomyoma.     

•    Lipoleiomyoma 
 –    Grossly yellow to tan nodular lesion (Fig.  5.13 ).
 –      Leiomyoma with intermixed mature adipocytes 

(Fig.  5.14 ).
 –      Focal chondroid or other heterologous components 

may be seen [ 12 ].  
 –   Differential diagnosis includes adenomatoid tumor. 

However, separation of the two benign entities is not 
crucial at the time of frozen section diagnosis.     

•    Hydropic leiomyoma  (Fig.  5.15 )
 –     Leiomyoma with focal or zonal edema [ 13 ].  
 –   Edema separates bundles or nodules of smooth mus-

cle. Pseudocyst formation may be seen within the 
hydropic area.  

 –   Differential diagnosis
•    Leiomyosarcoma     

 –   Diagnostic pitfalls/key intraoperative consultation 
issues
•    In contrast to leiomyosarcoma, hydropic leiomy-

oma has a zonal hydropic change, non-infi ltrative 
border, and benign cytological features.           

a b

c

  Fig. 5.6    Cellular leiomyoma. Note the marked hypercellularity compared to the adjacent myometrium ( a ) and lack of signifi cant nuclear atypia 
and mitotic activity ( b ,  c )       
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       Table 5.2    Uterine smooth muscle tumors with spindled morphology (excluding epithelioid and myxoid variants)   

 Coagulative tumor cell necrosis a   Moderate to severe atypia  Mitoses/10 HPF  Interpretation 

 None  None  <5  Leiomyoma 

 5 to 14  Mitotically active leiomyoma 

 ≥15  STUMP 

 Focal or diffuse  <5  Leiomyoma with bizarre nuclei 

 5–9  STUMP 

 ≥10  Leiomyosarcoma 

 Present  None  <10  STUMP 

 ≥10  Leiomyosarcoma 

 Focal or diffuse  Any  Leiomyosarcoma 

 Uncertain  None  Any  STUMP 

   STUMP  smooth muscle tumor of uncertain malignant potential;  HPF  high-power fi eld 
  a Rule out GnRH analogue treatment-induced necrosis, which may be morphologically indistinguishable from true tumor cell necrosis  

  Fig. 5.7    Apoplectic leiomyoma. Note the presence of diffuse hemorrhage       
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a b

c d

  Fig. 5.8    Apoplectic leiomyoma. Cellular leiomyoma with hemorrhage, edema ( a – c ), and increased mitotic activity ( d )       

a b

  Fig. 5.9    Myxoid leiomyoma. Note the gelatinous gross appearance in these two examples ( a ,  b )       
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a ba

  Fig. 5.10    Myxoid leiomyoma. Note the myxoid hypocellular areas in transition to a conventional leiomyoma area ( a ,  b)        

  Fig. 5.11    Epithelioid leiomyoma presents as tan nodular lesions       

a b

  Fig. 5.12    Epithelioid leiomyoma. Note the polygonal to round, uniform epithelioid cells with eosinophilic cytoplasm arranged in cords ( a ,  b )       
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  Fig. 5.13    Lipoleiomyoma. Note the presence of well-circumscribed, 
yellow-tan intramural nodules       

aa b

  Fig. 5.14    Lipoleiomyoma. Note the variable amount of mature adipocytes admixed within bundles of smooth muscle cells ( a ,  b )       

a b

  Fig. 5.15    Hydropic leiomyoma. Note semitransparent edematous nodules ( a ) with focal cystic changes ( b )       
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    Leiomyomas with Unusual Growth Pattern 
and/or Clinical Behavior 

•      Intravenous leiomyomatosis (IVL ) [ 14 ,  15 ] [ 16 ]
 –    Clinical symptoms are similar to conventional 

leiomyoma.  
 –   Some patients have history of multiple myomectomies.  
 –   Grossly multiple, irregular myometrial nodular or 

wormlike lesions, some of which may be grossly 
intravascular.  

 –   Tumor may extend into parametrial or pelvic vessels 
and occasionally further into the vena cava and right 
atrium and ventricle (Fig.  5.16 ).

 –      Microscopically proliferation of serpentine smooth 
muscle bundles tracking and plugging vasculature at 
the tumor periphery and beyond (Fig.  5.17a, b ).

 –      Intravascular tumor plugs are
•    Covered by endothelium  
•   Frequently smooth muscle cell poor, along with tis-

sue molding, clefting, hyalinization, fi brosis, and 
vascularization [ 17 ] (Fig.  5.17c, d )     

 –   Differential diagnosis (Table  5.3 )
•     Conventional leiomyomas with irregular tumor 

borders  
•   Leiomyoma with focal vascular invasion  
•   Entrapped arteries within myometrial veins (vessel 

within vessel phenomenon)  
•   Low-grade endometrial stromal sarcoma  
•   Intravenous growth of leiomyosarcoma     

 –   Diagnostic pitfalls/key intraoperative consultation issues
•    True intravascular growth of smooth muscle sepa-

rates IVL from its benign mimics.  
•   IVL lacks cytological features and characteristic vas-

culature of low-grade endometrial stromal sarcoma.  
•   When in doubt, careful examination of the gross 

specimen including extrauterine vasculature and 
additional frozen sections should be performed.        

•    Diffuse peritoneal leiomyomatosis (disseminated perito-
neal leiomyomatosis)  [ 18 – 20 ]

 –    Patients of reproductive age and over 2/3 of them with 
a concurrent pregnancy.  

 –   May be an incidental fi nding at the time of C-section 
or postpartum tubal ligation.  

 –   Grossly appears as multiple peritoneal nodules of less 
than 1 cm in size (Fig.  5.18 ).

 –      Mature smooth muscle cell proliferation with occa-
sional mitoses (less than 3 per 10 high-power fi elds) 
without signifi cant cytological atypia and coagulative 
tumor cell necrosis (Fig.  5.19 ).

 –      Generally a self-limiting disease with regression after 
pregnancy. Recurrence may be seen in subsequent 
pregnancies, however, and malignant transformation 
to leiomyosarcoma has been reported in rare cases.  

 –   Differential diagnosis
•    Leiomyosarcoma     

 –   Diagnostic pitfalls/key intraoperative consultation 
issues
•    In contrast to leiomyosarcoma, diffuse peritoneal 

leiomyomatosis lacks cytological atypia and coagu-
lative tumor cell necrosis.        

•   Benign metastasizing leiomyoma [ 21 ]
 –    Conventional uterine leiomyoma with concurrent or 

subsequent (post-myomectomy) extrauterine tumors 
of similar histology  

 –   Frequent involvement of lung and rarely retroperito-
neal and mediastinal lymph nodes, bone, and soft 
tissue  

 –   Differential diagnosis
•    Leiomyosarcoma     

 –   Diagnostic pitfalls/key intraoperative consultation 
issues
•    In contrast to leiomyosarcoma, metastasizing leio-

myoma lacks diffuse cytological atypia and coagu-
lative tumor cell necrosis.        

•    Dissecting leiomyoma  [ 22 ,  23 ]
 –    Grossly lobulated myometrial lesion with ill-defi ned 

tumor border.  
 –   Histologically dissecting growth of bundles of mature 

smooth muscle cells protruding and splitting uterine 
myometrium.  

 –   In extremely rare cases, the dissecting smooth muscle 
bundles may extend into the broad ligament, forming a 
large mushroomlike mass (cotyledonoid variant).  

 –   The gross appearance may be quite alarming at the time 
of frozen section diagnosis. Leiomyosarcoma should 
be ruled out by careful microscopic examination.        
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a b

c

  Fig. 5.16    Intravenous leiomyomatosis. Note the presence of multiple, irregular, nodular myometrial, and wormlike intravascular lesions ( a – c ). 
Note the extrauterine extension of the tumor ( a ,  upper left corner )       
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a b

c d

  Fig. 5.17    Intravenous leiomyomatosis (IVL). Note the smooth muscle bundles tracking and plugging large caliber vasculature ( a ,  b ) and the pres-
ence of tissue molding, clefting, hyalinization, and vascularization along with diminished smooth muscle cells ( c ,  d )       
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    Table 5.3    Frozen section diagnosis of mesenchymal tumors with intravascular growth pattern   

 Intravenous leiomyomatosis 
 Low-grade endometrial stromal 
sarcoma  Leiomyosarcoma 

 Patient age  Any age  Mostly <50 years of age  Mostly > 40 years of age 

 Gross pathology  Multinodular, white, rubbery 
masses with surrounding 
wormlike vascular plugging 

 Infi ltrative endo-myometrial soft tan 
mass with wormlike vascular 
plugging 

 Large mass with irregular border 
and fl eshy, necrotic cut surface, 
may show intravascular mass 
lesions 

 Growth pattern  Intravenous growth of 
leiomyoma, may be cellular; 
often hyalinized or shows 
abundant prominent thick-walled 
vessels 

 Infi ltrative border and tonguelike 
tumor growth involving adjacent 
myometrium and lymphovascular 
spaces 
 Starburst hyaline plaques and 
sex-cord differentiation may be seen 

 Spindle smooth muscle cells with 
coagulative tumor cell necrosis 
and hemorrhage 

 Cytological features  Bland, elongated spindle smooth 
muscle cells 

 Monotonous small oval to short 
spindle cells with scant cytoplasm 

 Spindle smooth muscle cells with 
diffuse moderate to severe nuclear 
atypia 

 Mitotic activity  None  Low  Frequent (>10 mitoses/10 HPF) 

 Intratumoral vasculature  Large gaping vessels  Evenly distributed small arterioles  Variably sized vasculature 

 Extrauterine disease  Often present involving venous 
structures with thin wormlike 
plugging 

 Often seen involving lymphatics with 
a wormlike plugging appearance 

 When present, marked expansion 
of existing vasculature by tumor 
nodules 

   HPF  high-power fi eld  

a b

  Fig. 5.18    Diffuse peritoneal leiomyomatosis. Note the presence of multiple peritoneal nodules of less than 1 cm on the surface of broad ligaments 
( a ) and omentum ( b )       
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  Fig. 5.19    Diffuse peritoneal leiomyomatosis. Nodular proliferation of mature smooth muscle cells ( a ,  b ) without cytological atypia, mitotic activ-
ity, or tumor cell necrosis ( c ,  d )       
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    Leiomyosarcoma [ 4 ] [ 1 ,  24 ] 

•     Clinical features
 –    Most common uterine sarcoma.  
 –   Adult patients over 40 years of age, with a mean age of 

55 years.  
 –   May present with sudden uterine tumor growth in 

patients not on hormone replacement [ 25 ].  
 –   Other clinical symptoms include vaginal bleeding, pel-

vic mass, and pelvic pain or pressure.     
•   Gross pathology (Fig.  5.20 )

 –     Generally solitary large mass (average size of 10 cm) 
or the largest mass among multiple conventional 
leiomyomas.  

 –   Fleshy, soft, and bulging cut surface with varying col-
ors and textures.  

 –   Infi ltrative tumor border may be grossly apparent.  
 –   Necrosis and hemorrhage are common.     

•   Microscopic features (see Table  5.2 )
 –    Hypercellular spindle cell proliferation forming disor-

ganized fascicles and nodules (Fig.  5.21 ).
 –      Diffuse moderate to severe cytological atypia includ-

ing marked nuclear pleomorphism and multinucleation 
(appreciable at low to medium power) (Fig.  5.22 ).

 –      Presence of coagulative tumor cell necrosis.  
 –   Geographic necrotic pattern showing abrupt transition 

between viable and necrotic, “ghost” tumor cells.  
 –   Perivascular cuffi ng by viable tumor cells surrounded 

by a necrotic zone is characteristic (Fig.  5.23 ). In some 
tumors, the necrosis may be quite subtle (Fig.  5.24 ).

 –       Brisk mitotic activity (10 or more mitoses per 10 HPF), 
often with abnormal mitotic fi gures.     

•   Differential diagnosis
 –    Leiomyoma variants and leiomyomas with unusual 

growth patterns  
 –   Smooth muscle tumor of uncertain malignant potential 

(STUMP)  
 –   Endometrial stromal tumors with smooth muscle 

differentiation  
 –   Undifferentiated uterine sarcoma  
 –   Malignant mixed Mullerian tumor (carcinosarcoma)     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The purpose of frozen section diagnosis of smooth 

muscle tumors is to unequivocally identify leiomyo-
sarcoma (see Table  5.2 ).
•    Leiomyosarcoma is often a solitary, solid mass and 

is typically the dominant mass when arising in a 
background of multiple leiomyomas.  

•   Careful gross examination with attention to color, 
texture, and tumor border should guide where the 
frozen sections are taken from.  

•   Presence of unequivocal coagulative tumor cell 
necrosis and at least moderate nuclear atypia are 
suffi cient for diagnosis of leiomyosarcoma regard-
less of the mitotic activity.  

•   Tumor cell necrosis can be subtle in some cases. 
Careful search of the entire frozen section slide or 
submitting additional tumor blocks may be helpful 
(see Fig.  5.24 ).  

•   In the absence of moderate to severe nuclear atypia, 
unequivocal tumor cell necrosis combined with the 
presence of 10 or more mitoses per 10 HPF is suf-
fi cient for the diagnosis of malignancy.  

•   In the absence of tumor cell necrosis, moderate to 
severe cytological atypia combined with the pres-
ence of 10 or more mitoses per 10 HPF is required 
for the diagnosis of leiomyosarcoma.     

 –   Overinterpretation of bizarre leiomyoma as leiomyo-
sarcoma due to the presence of nuclear atypia and mul-
tinucleation should be avoided. Nuclear fragmentation/
karyorrhexis in bizarre leiomyoma should not be mis-
interpreted as mitotic fi gures.  

 –   Apoplectic leiomyoma may show ambiguous necrosis 
and hemorrhage in a clinical setting of progestin ther-
apy or concurrent pregnancy.  

 –   Pregnancy may induce red degeneration of leiomyoma 
resulting in a soft and homogenously necrotic appear-
ance. The patient may present with abdominal pain 
and fever.  

 –   Any smooth muscle tumor with a myxoid histology 
should be considered potentially malignant at the time 
of frozen section diagnosis (see myxoid 
leiomyosarcoma).  

 –   If the histological fi ndings are concerning for malig-
nancy but defi nitive diagnostic features of leiomyosar-
coma are lacking, additional frozen sections from 
different tumor areas should be evaluated.  

 –   In any of the above scenarios, if additional frozen sec-
tions cannot resolve the uncertainty, a conservative 
approach should be taken and a frozen diagnosis of 
“smooth muscle tumor with atypical features, defer to 
permanent sections to rule out malignancy” is recom-
mended to avoid unnecessary staging surgery, particu-
larly in a young patient who desires preservation of 
fertility.        
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a b

c

  Fig. 5.21    Leiomyosarcoma (spindle cell). Note the hypercellular, atypical spindle cell proliferation, arranged in intersecting fascicles ( a – c )       

a b

  Fig. 5.20    Leiomyosarcoma (spindle cell). Large dominant intramural mass with a fl eshy cut surface showing hemorrhage and necrosis ( a ,  b )       
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c d

  Fig. 5.22    Leiomyosarcoma (spindle cell). Note the diffuse moderate to marked cytological atypia ( a – c ) and brisk mitotic activity ( d )       
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a b

c d

  Fig. 5.23    Leiomyosarcoma (spindle cell). Note the geographic coagulative tumor cell necrosis ( a – c ) and characteristic vascular cuffi ng by viable 
tumor cells ( d )       

 

Smooth Muscle Tumors



116

a

c d

b

  Fig. 5.24    Leiomyosarcoma (spindle cell). Note the presence of subtle and focal coagulative tumor cell necrosis ( a ,  b ) and abrupt transition 
between the viable and necrotic tumor without an intervening hyalinized zone ( c ,  d )       
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    Leiomyosarcoma Variants 

     Epithelioid leiomyosarcoma  (Fig.  5.25 ) [ 9 ,  10 ] 
•        Diffuse or nested proliferation of polygonal or round epi-

thelioid cells with abundant eosinophilic or clear 
cytoplasm.  

•   Spindle smooth muscle component may be seen.  
•   The presence of moderate to severe cytological atypia, 

mitotic count of 3 or more per 10 HPF, and coagulative 
tumor cell necrosis establishes the diagnosis.  

•   Differential diagnosis
 –    Poorly differentiated carcinoma  
 –   Gestational trophoblastic tumors (placental site tro-

phoblastic tumor and epithelioid trophoblastic tumor)  
 –   Epithelioid leiomyoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    In contrast to epithelioid leiomyosarcoma, poorly dif-

ferentiated endometrial carcinoma often shows foci of 
defi nitive epithelial differentiation—gland formation 
or squamous elements.  

 –   Separation of epithelioid leiomyosarcoma from gesta-
tional trophoblastic tumors can be diffi cult at the time 
of frozen section diagnosis. Helpful hints in favor of 
trophoblastic tumors include elevation of serum hCG, 
stromal deposition of eosinophilic fi brin, and extensive 
hyalinization.  

 –   Compared with epithelioid leiomyoma, epithelioid 
leiomyosarcoma shows obvious cytological atypia, 
mitotic activity, and coagulative tumor cell necrosis.        

  Fig. 5.25    Epithelioid leiomyosarcoma. Note the yellow-tan, fl eshy cut 
surface with focal hemorrhage       
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     Myxoid leiomyosarcoma  [ 26 ,  27 ] 

•     Lobular or irregular gelatinous mass lesion with an infi l-
trative gross appearance (Fig.  5.26 ).

•      Hypocellular proliferation of small spindle or stellate 
cells with hyperchromatic nuclei and scant cytoplasm, 
evenly distributed in a background of abundant myxoid or 
edematous matrix (Fig.  5.27 ).

•      Coagulative tumor cell necrosis and vascular invasion 
may be seen.  

•   Foci of tumor cells with identifi able smooth muscle dif-
ferentiation are generally seen in non-myxoid areas.  

•   Presence of coagulative tumor cell necrosis, 2 or more 
mitoses per 10 HPF and nuclear atypia are diagnostic 
features.  

•   Differential diagnosis
 –    Myxoid leiomyoma  

 –   Hydropic leiomyoma  
 –   Endometrial stromal tumor with myxoid appearance     

•   Diagnostic pitfalls/key intraoperative consultation issues
•    Frozen sections should be taken from multiple tumor 

areas.  
•   In contrast to myxoid or hydropic leiomyomas, myx-

oid leiomyosarcoma may show unequivocal features 
of malignancy in the non-myxoid tumor areas.  

•   In cases with equivocal histological features, a conser-
vative approach should be taken and a frozen diagnosis 
of “smooth muscle tumor with atypical features, defer 
to permanent sections to rule out malignancy” is 
recommended.         

  Fig. 5.26    Myxoid leiomyosarcoma. Note the lobular to irregular gelat-
inous mass lesion ( arrow )       
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  Fig. 5.27    Myxoid leiomyosarcoma. Note the hypocellular, myxoid proliferation of small stellate cells with scant cytoplasm ( a ,  b ), focally merg-
ing into an area of atypical  spindled smooth muscle proliferation ( c ,  d )       
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    Smooth Muscle Tumors of Uncertain 
Malignant  Potential (STUMP) [ 1 ,  4 ] [ 28 – 31 ] 

•     Grossly the tumor may show unusual features (Fig.  5.28 ).
•      Histological features are intermediate between leiomy-

oma and leiomyosarcoma (see Table  5.2 ).
 –    Focal or diffuse moderate to severe cytological atypia 

with a mitotic count between 5 and 9 per 10 HPF and 
lack of coagulative tumor cell necrosis  

 –   Coagulative tumor cell necrosis with a mitotic count of 
less than 10 per 10 HPF and lack of signifi cant cyto-
logical atypia  

 –   Otherwise conventional leiomyoma or cellular leio-
myoma with a mitotic count of 15 or more per 10 
HPF     

•   Differential diagnosis
 –    Leiomyoma variants including cellular, mitotically 

active, apoplectic, and bizarre leiomyomas  
 –   Leiomyosarcoma  
 –   Endometrial stromal tumor  
 –   Mixed endometrial stromal and smooth muscle tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Interpretation of a smooth muscle tumor as STUMP 

at the time of frozen section consultation is 
discouraged.  

 –   If additional frozen sections cannot resolve the uncer-
tainty, a conservative approach should be taken and a 
frozen diagnosis of “smooth muscle tumor with atypi-
cal features, defer to permanent sections for fi nal clas-
sifi cation” is recommended.         

a b

  Fig. 5.28    Smooth muscle tumor of uncertain malignant potential (STUMP). Note the unusual gross appearance that may raise concern for leio-
myosarcoma ( a ,  b )       
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    Endometrial Stromal Tumors 

 Endometrial stromal tumors are uterine mesenchymal neo-
plasms with endometrial stromal differentiation. Most 
tumors have proliferating cells and stromal vasculature his-
tologically resembling the proliferative phase endometrial 
stroma. While high-grade endometrial stromal sarcoma has 

obvious malignant features, histological separation of low- 
grade endometrial stromal sarcoma from a benign endome-
trial stromal nodule is primarily determined by the presence 
of infi ltrative tumor border, requiring both careful gross and 
microscopic evaluation at the time of intraoperative consul-
tation (Table  5.4 ).

     Table 5.4    Frozen section diagnosis of endometrial stromal tumors   

 ESN  LESS  HESS 

 Tumor border  Well-circumscribed or only focal 
myometrial infi ltration of <3 mm 

 Infi ltrative tumor with tonguelike 
projections into myometrium 

 Polypoid or round mass with or 
without obvious infi ltration 

 Lymphovascular invasion  Absent  Present—wormlike plugging  Present 

 Vasculature  Evenly distributed spiral arterioles  Evenly distributed spiral arterioles  Focally evenly distributed spiral 
arterioles 

 Tumor cells  Bland oval to short spindled  Bland oval to short spindled  Round high-grade cell 
proliferation  admixed with 
LESS-like areas 

 Mitotic activity  Low  Low  High 

 Tumor cell necrosis  Absent  Generally absent  Present 

 Collagen deposition  Present in bands or in plaques  Present in bands or in plaques  May be present 

   ESN  endometrial stromal nodule,  LESS  low-grade endometrial stromal sarcoma,  HESS  high-grade endometrial stromal sarcoma  
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      Endometrial Stromal Nodule (ESN) [ 32 ,  33 ] 

•     Clinical features
 –    Reproductive age to postmenopausal women (mean 

age of 47 years).  
 –   Vaginal bleeding is the most common symptom.     

•   Gross pathology (Fig.  5.29 )
 –     Single round to oval mass, may be polypoid  
 –   Fleshy, tan to yellow cut surface  
 –   Sharply demarcated from surrounding 

endo-myometrium     
•   Microscopic features

 –    Well-circumscribed cellular proliferation with a sharp 
border to the adjacent endo-myometrium (Fig.  5.30 ).

 –      Proliferation of uniform tumor cells histologically 
reminiscent of normal endometrial stromal cells at the 
proliferative phase (Fig.  5.31 ).

 –      Minimal cytological atypia with round to oval nuclei, 
fi ne chromatin, and inconspicuous nucleoli.  

 –   Mitotic activity is usually present, but low.  
 –   Characteristic spiral arterioles, evenly distributed 

within the tumor.  
 –   Fibroblastic areas with marked collagen deposition—

hyalinized plaques (starburst confi guration)—and 
foamy macrophages are commonly present.  

 –   Smooth muscle differentiation can be seen, which is often 
hypercellular with large caliber, gaping vasculature.  

 –   Other variable fi ndings include fi bromyxoid changes, 
sex-cord differentiation, epithelioid tumor cells, and 
focal endometrial glandular differentiation.     

•   Differential diagnosis
 –    Cellular leiomyoma  
 –   Low-grade endometrial stromal sarcoma  
 –   Endometrial polyp with cellular stroma  
 –   Uterine tumor resembling ovarian sex-cord tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Gross and histological examination of the tumor bor-

der is essential.
•    Focal fi ngerlike protrusions or isolated satellite 

tumor foci less than 3 mm from the main tumor—
and no more than 3 of such foci—are compatible 
with the diagnosis of endometrial stromal 
nodule.  

•   Tumors with less than 9 mm border protrusion have 
been diagnosed as endometrial stromal tumor with 
limited infi ltration, but the behavior of such lesions 
is uncertain.  

•   Infi ltrative growth pattern beyond the above- 
described extent is seen in low-grade endometrial 
stromal sarcoma.     

 –   Presence of uniform small arterioles, fi bromyxoid 
changes (particularly starburst hyaline plaques), and 
absence of large thick-walled vasculature separate 
endometrial stromal nodule from cellular 
leiomyoma.  

 –   In contrast to endometrial stromal tumor, uterine tumor 
resembling ovarian sex-cord tumor has uniform epi-
thelioid tumor cells forming nests, cords, tubules, or 
retiform pattern without endometrial stromal cell 
proliferation.        

  Fig. 5.29    Endometrial stromal nodule. Note the well-circumscribed 
tumor border       

  Fig. 5.30    Endometrial stromal nodule. Well-defi ned tumor border is 
present in this intramucosal endometrial stromal nodule       

  

5 Uterine Mesenchymal Tumors



123

b

c d

a

  Fig. 5.31    Endometrial stromal nodule. Note the proliferation of uniform small, round to oval stromal cells and characteristic spiral arterioles 
evenly distributed within the lesion ( a ,  b ). Hyaline plaques ( c ) and foamy macrophages  (d ) are also present       
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    Low-Grade Endometrial Stromal Sarcoma [ 32 , 
 34 – 36 ] [ 37 ] 

•     Clinical features
 –    Most common in women younger than 50 years of age.  
 –   Vaginal bleeding and/or pelvic pain are common 

symptoms.     
•   Gross pathology (Fig.  5.32 )

 –     Infi ltrative, soft, tan endo-myometrial lesion
•    May show polypoid protrusion into the endometrial 

cavity     
 –   Grossly obvious myometrial and lymphovascular inva-

sion in the form of wormlike plugs, which may extend 
into extrauterine vessels     

•   Microscopic features
 –    Infi ltrative border and tonguelike tumor growth involv-

ing adjacent myometrium and lymphovascular spaces 
(Fig.  5.33 ).

 –      Except the infi ltrative tumor border, LESS shares all 
the histological and cytological features of ESN (see 
above).  

 –   Sex-cord differentiation is seen in about 1/5 of the 
cases (Fig.  5.34 ).

 –      Unusual histological fi ndings:
•    Endometrial glandular differentiation  
•   Fibromyxoid changes and hyaline plaques  
•   Sex-cord differentiation  
•   Epithelioid tumor cells  
•   Foamy macrophages  
•   Papillary and pseudopapillary changes  
•   Smooth muscle differentiation (mixed endometrial 

stromal and smooth muscle tumor if more than 
30 % smooth muscle component is present)        

•   Differential diagnosis (see Tables  5.3  and  5.4 )
 –    Endometrial stromal nodule  
 –   High-grade endometrial stromal sarcoma  
 –   Intravenous leiomyomatosis  
 –   Leiomyosarcoma  
 –   Adenosarcoma  
 –   Gland-poor adenomyosis     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Gross examination is crucial for appropriate sampling 

for frozen section diagnosis, to demonstrate the infi l-
trative growth pattern and separate benign endometrial 
stromal nodule from low-grade endometrial stromal 
sarcoma.  

 –   For tumors without grossly obvious infi ltrative growth 
pattern, it may not be practical to evaluate the entire 
tumor border microscopically at the time of intraoper-
ative consultation, and the diagnosis of “endometrial 

stromal tumor, fi nal classifi cation is deferred to 
 permanent sections” can be communicated.  

 –   High-grade endometrial stromal sarcoma has areas of 
markedly atypical round cell component with high 
mitotic activity.  

 –   Intravenous leiomyomatosis (IVL) lacks cytological 
features and the characteristic vasculature of low- 
grade endometrial stromal sarcoma.  

 –   In contrast to LESS, adenosarcoma is characterized 
by relatively uniform glandular distribution, peri-
glandular stromal cell cuffi ng, and intraglandular 
papillary infoldings.  

 –   In contrast to LESS, gland-poor adenomyosis does not 
form a mass lesion, and additional sections may reveal 
typical foci of adenomyosis.        

    High-Grade Endometrial Stromal Sarcoma [ 38 ] 

•     Clinical features
 –    Most common in patients over 50 years of age.  
 –   Vaginal bleeding and pelvic mass are common 

symptoms.     
•   Gross pathology

 –    Endo-myometrial mass lesion with an infi ltrative 
growth pattern
•    May show a polypoid intraluminal component     

 –   Tan-yellow, fl eshy cut surface with frequent necrosis 
and hemorrhage  

 –   Frequent extrauterine extension     
•   Microscopic features

 –    Hypercellular nests or sheets of markedly atypical, 
round tumor cells with a destructive growth pattern.  

 –   Low-grade endometrial stromal sarcoma-like  compo-
nent may be present.  

 –   Focal rhabdoid or discohesive pseudopapillary 
pattern.  

 –   Conspicuous lymphovascular invasion.  
 –   Necrosis is common.  
 –   High mitotic count (>10/10 HPF).     

•   Differential diagnosis (see Table  5.4 )
 –    Low-grade endometrial stromal sarcoma  
 –   Undifferentiated uterine sarcoma  
 –   Epithelioid leiomyosarcoma  
 –   Poorly differentiated carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Separation from the above differential diagnoses may 

be diffi cult and is generally  not crucial at the time of 
frozen section diagnosis; interpretation as “high-grade 
malignant uterine neoplasm” should suffi ce for the 
surgical management of the patient.         
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a b

  Fig. 5.32    Low-grade endometrial stromal sarcoma (LESS). Note the ill-defi ned tumor border with satellite nodules, presence of necrosis ( a ), and 
wormlike myometrial infi ltration and lymphovascular plugging ( b )       

a b

c d

  Fig. 5.33    Low-grade endometrial stromal sarcoma (LESS). Note the characteristic myometrial infi ltration and satellite tumor nodules ( a ,  b ) and 
lymphovascular invasion ( c ,  d )       
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a b

c d

  Fig. 5.34    Low-grade endometrial stromal sarcoma (LESS). Similar to 
endometrial stromal nodule, LESS consists of uniform, small oval cells 
and characteristic spiral arterioles evenly distributed within the lesion 

( a ,  b ). Sex-cord differentiation  (c ) and foamy macrophages ( d ) are also 
common       
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    Mixed Epithelial and Mesenchymal Tumors 

    Adenomyoma [ 39 ,  40 ] 

•     Polypoid submucosal lesion.  
•   Nodular smooth muscle proliferation with scattered 

 proliferative endometrial glands, some of which are 
 surrounded by thin mantles of endometrial stroma.  

•   Important differential diagnosis is atypical polypoid 
 adenomyoma (APA, see below).     

    Atypical Polypoid Adenomyoma (APA) [ 41 ,  42 ] 

•     Clinical features
 –    Most often seen in premenopausal women between 30 

and 40 years of age—may rarely occur in postmeno-
pausal patients  

 –   Typically presents with abnormal vaginal bleeding     
•   Gross pathology

 –    Solitary pedunculated or sessile polypoid mass.  
 –   Frequently involves the lower uterine segment 

(Fig.  5.35 ), less often the uterine corpus and cervix.
•         Microscopic features (Figs.  5.36  and  5.37 )

 –      Irregular, hyperplastic endometrial glands embedded 
in smooth muscle-rich stroma.  

 –   The glandular epithelium may show mild to moderate 
cytological atypia including nuclear enlargement, 
hyperchromasia, loss of polarity, and cytoplasmic 
eosinophilia.  

 –   Squamous differentiation in the form of immature 
squamous metaplasia to well-developed squamous 
morules is common.
•    May simulate a cribriform glandular pattern.  
•   Frequently shows focal keratinization and central 

necrosis.     
 –   Cytologically benign smooth muscle fi bers forming 

bundles or fascicles.     
•   Differential diagnosis

 –    Endometrial polyp  
 –   Polypoid adenomyoma  
 –   Mullerian adenosarcoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    In contrast to APA, endometrial polyp and polypoid 

adenomyoma do not have glandular epithelial atypia.  
 –   In contrast to adenosarcoma, APA has benign smooth 

muscle component and absence of periglandular stro-
mal condensation or mitotic activity.  

 –   Presence of hyperplastic glands in APA should not be 
overinterpreted as endometrioid adenocarcinoma. 
However, endometrioid adenocarcinoma may arise in 
association with an APA (see Fig.   4.18    ).        

  Fig. 5.35    Atypical polypoid adenomyoma (APA). Note the polypoid 
endometrial lesion       
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a b

c d

  Fig. 5.36    Atypical polypoid adenomyoma (APA). Polypoid lesion consisting of irregular, hyperplastic endometrial glands with prominent squa-
mous differentiation ( a ,  b ) and smooth muscle-rich stroma ( c ,  d )       

 

5 Uterine Mesenchymal Tumors



129
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  Fig. 5.37    Atypical polypoid adenomyoma (APA). Note the presence of necrosis within the squamous morules ( a ) and mild to moderate cytologi-
cal atypia of the glandular epithelium ( b )       
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    Mullerian Adenosarcoma [ 43 – 48 ] 

•     Clinical features
 –    Adult patients with a mean age of 58 years  
 –   Vaginal bleeding and pelvic pain are the most common 

presenting symptoms.  
 –   History of recurrent “polyp” in some cases.     

•   Gross pathology
 –    Polypoid endometrial mass with an average size of 

6.5 cm.  
 –   Most cases are limited to the uterus at presentation.  
 –   Presence of extrauterine disease signifi es the possibil-

ity of sarcomatous overgrowth (Fig.  5.38 ).
•         Microscopic features (Fig.  5.39 )

 –     Biphasic tumor with cystic glandular and sarcoma-
tous components in a broad based polypoid 
confi guration.  

 –   Mullerian-type glandular epithelium (proliferative 
endometrial, tubal, or endocervical) with mild to mod-
erate cytological atypia.  

 –   Low-grade stromal cells condensing or cuffi ng around 
cystically dilated glands, frequently with intraglandu-
lar papillary intrusions showing a phyllodes-like 
architecture.  

 –   Mitotic fi gures may be diffi cult to fi nd, although most 
cases show >4 mitoses/10 HPF.  

 –   The tumor is frequently heterogenous with hypocellu-
lar areas or marked hyalinization. Sex-cord differentia-
tion and heterologous elements including cartilage, 
adipose tissue, and rhabdomyoblasts may be seen.  

 –   Sarcomatous overgrowth is diagnosed when the 
 high- grade pure sarcoma element comprises at least 
25 % of the tumor.  

 –   Low-grade sarcomatous overgrowth may also occur.     
•   Differential diagnosis

 –    Adenofi broma  
 –   Atypical polypoid adenomyoma  
 –   Endometrial polyp  
 –   Malignant mixed Mullerian tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Adenofi broma is extremely rare.

•    May have intraglandular papillary stromal infold-
ings but lacks stromal cell condensation and mitotic 
activity.     

 –   Endometrial polyp is separated from adenosarcoma by 
absence of periglandular stromal cell condensation, 
lack of cytological atypia, and stromal cell mitotic 
activity.  

 –   In contrast to adenosarcoma, APA has a benign smooth 
muscle component and absence of periglandular 
 stromal condensation and mitotic activity.  

 –   Malignant mixed Mullerian tumor has a malignant 
 epithelial component, which is not seen in 
adenosarcoma.  

 –   Extrauterine metastases should raise the possibility of 
sarcomatous overgrowth in adenosarcoma.  

 –   Surgical management of adenosarcomas typically 
requires a complete staging procedure; however, the 
extent of staging and the role of lymphadenectomy is 
controversial [ 49 ].        
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c d

  Fig. 5.39    Mullerian adenosarcoma. Note the biphasic proliferation of glandular and stromal components in a broad-based polypoid confi guration 
( a ) and characteristic periglandular condensation and intraglandular papillary protrusion ( b ,  c ) of mildly atypical stromal cells ( d )       

a b

  Fig. 5.38    Mullerian adenosarcoma. Fleshy polypoid mass lesions ( a ,  b )       
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    Malignant Mixed Mullerian Tumor (MMMT)/ 
Carcinosarcoma [ 50 ,  51 ] 

•     Clinical features
 –    Almost always seen in postmenopausal women.  
 –   Presents with vaginal bleeding, uterine enlargement, 

or pelvic mass.  
 –   One-third of patients have extrauterine disease at 

presentation.     
•   Gross pathology (Fig.  5.40 )

 –     Large polypoid intrauterine mass, frequently occupy-
ing the entire endometrial cavity and protruding 
through the cervical os in 50 % of the cases.  

 –   Fleshy cut surface with extensive hemorrhage, necro-
sis, and cystic changes.  

 –   Gross myometrial and/or cervical involvement is 
common.     

•   Microscopic features
 –    Intimately admixed but histologically distinct carcino-

matous and sarcomatous components in various 
proportions.  

 –   The carcinomatous element is usually serous or endo-
metrioid adenocarcinoma (Fig.  5.41 ), but clear cell, 
mucinous, or undifferentiated carcinoma may also 
occur.

 –      Usually high-grade sarcoma component of either 
homologous (high-grade endometrial stromal sar-
coma, leiomyosarcoma) or heterologous (rhabdomyo-
sarcoma, chondrosarcoma, osteosarcoma, or 
liposarcoma) in nature (Fig.  5.42 ).

•         Differential diagnosis
 –    Endometrial carcinomas including endometrioid ade-

nocarcinoma with spindle cell morphology  
 –   Endometrioid adenocarcinoma with focal benign het-

erologous mesenchymal differentiation  

 –   Dedifferentiated endometrial carcinoma  
 –   Mullerian adenosarcoma  
 –   Endometrial stromal sarcoma with sex-cord 

differentiation  
 –   Undifferentiated uterine sarcoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The carcinomatous component of MMMT may be 

dominant and well differentiated without myometrial 
invasion, and the sarcomatous component may be very 
focal.
•    Additional frozen sections may be submitted to 

confi rm the presence of a sarcomatous component, 
as MMMT requires extensive, complete surgical 
staging, in contrast to the potentially less extensive 
staging surgery of non-myoinvasive well- 
differentiated endometrioid carcinoma.     

 –   MMMTs with unusual carcinomatous components 
such as pure squamous cell carcinoma or adenoid basal 
cell carcinoma are generally cervical primaries.  

 –   In postmenopausal patients, a heterologous sarcoma-
tous lesion in the absence of an obvious carcinomatous 
element is likely a MMMT. Additional frozen sections 
may show unequivocal carcinomatous component, 
although it is typically not crucial for surgical manage-
ment at the time of intraoperative consultation.  

 –   Endometrioid carcinoma with spindle cells should be 
separated from MMMT by fi nding histological transi-
tion between typical endometrioid carcinoma glands 
to low-grade spindled areas and by lack of heterolo-
gous mesenchymal elements.  

 –   MMMT has a malignant epithelial component, which 
is absent in adenosarcoma.  

 –   Undifferentiated uterine sarcoma lacks carcinomatous 
elements.         
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  Fig. 5.40    Malignant mixed Mullerian tumor (MMMT). Note the large 
polypoid intrauterine mass lesions with fl eshy, hemorrhagic, and 
necrotic cut surfaces       

a b

c d

  Fig. 5.41    Malignant mixed Mullerian tumor (MMMT). Note the serous carcinoma ( a ,  b ) and endometrioid carcinoma ( c ,  d ) as malignant epithe-
lial components in these two examples of MMMT       
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a b

c d

  Fig. 5.42    Malignant mixed Mullerian tumor (MMMT). Note the high-grade homologous (fi brosarcoma ( a ,  b )) or heterologous (rhabdomyosar-
coma ( c ) and osteosarcoma ( d )) sarcoma components in these examples of MMMT       
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    Other Mesenchymal and Miscellaneous 
Uterine Tumors 

 Uterine tumor resembling ovarian sex-cord tumor 
(UTROSCT), infl ammatory myofi broblastic tumor (IMT), 
and perivascular epithelioid cell tumors (PEComa) are rela-
tively distinct and well-documented entities of uterus. 
Various other soft tissue tumors may rarely occur including 
vascular tumors, fi brohistiocytic tumors, neurogenic tumors 
and rhabdomyosarcoma, malignant rhabdoid tumor, epitheli-
oid sarcoma, and alveolar soft part sarcoma. 

    Undifferentiated Uterine Sarcoma [ 52 ] 

•     High-grade sarcoma arising from the endo-myometrium.  
•   Frequently high stage at the time of presentation.  

•   Polypoid mass of >10 cm in size with fl eshy, necrotic, and 
hemorrhagic cut surface (Fig.  5.43 ).

•      Markedly atypical spindle cell proliferation with stori-
form or herringbone growth patterns (Fig.  5.44 ).

•      No recognizable endometrial stromal or smooth muscle 
differentiation.  

•   Rhabdoid or myxoid changes are common.  
•   Differential diagnosis includes poorly differentiated 

 carcinoma, high-grade endometrial stromal sarcoma, 
 adenosarcoma with sarcomatous overgrowth, MMMT, 
and leiomyosarcoma.     

  Fig. 5.43    Undifferentiated uterine sarcoma. Mass lesion with a fl eshy, 
tan-yellow, and necrotic cut surface       
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a b

c d

  Fig. 5.44    Undifferentiated uterine sarcoma. High-grade spindle cell proliferation without lineage histological differentiation ( a – d )       
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    Uterine Tumor Resembling Ovarian Sex-Cord 
Tumor (UTROSCT) [ 53 ,  54 ] 

•     Uncommon tumor in patients with a mean age of 40 years  
•   May present with vaginal bleeding or pelvic pain, but 

often an incidental fi nding  
•   Well-circumscribed myometrial lesion or polypoid endo-

metrial mass with solid, yellow to tan cut surface  
•   Monotonous small round epithelioid cells forming anas-

tomosing cords, nests, tubules, or a retiform pattern  
•   Minimal cytological atypia and rare mitotic activity  
•   Differential diagnosis

 –    Endometrial stromal tumors with sex-cord differentiation  
 –   Endometrioid adenocarcinoma with sertoliform 

pattern  
 –   Mesonephric adenocarcinoma  
 –   Epithelioid smooth muscle tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    In contrast to endometrial stromal tumors, UTROSCT 

has uniform epithelioid tumor cells arranged in nests, 
cords, tubules, or a retiform pattern and without endo-
metrial stromal cell proliferation.  

 –   Presence of tumor areas merging with conventional 
endometrioid carcinoma and the presence of atypical 
endometrial hyperplasia are seen in sertoliform endome-
trioid adenocarcinoma and are not features of UTROSCT.  

 –   Mesonephric adenocarcinoma generally arises from 
the lateral wall of cervix and may extend into the myo-
metrium, whereas URTOSCT arises from the uterine 
corpus.  

 –   Epithelioid smooth muscle tumors are composed of 
epithelioid cells without tubule formation or retiform 
growth pattern.        

    Infl ammatory Myofi broblastic Tumor (IMT) [ 55 ] 

•     Patient age ranges from 4 to 46 years.  
•   Polypoid or intramural mass lesion involving the lower 

uterine segment or endo-myometrium.  

•   Tan to yellow fl eshy cut surface.  
•   Histologically well circumscribed to infi ltrative mass 

composed of fascicles or lobules of spindle myofi bro-
blasts admixed with a lymphoplasmacytic infi ltrate and 
extravasated red cells.  

•   Myxoid or hyalinized stroma.  
•   Mitoses may be present (0–2 per 10 HPF)  
•   No cytological atypia or necrosis.  
•   Differential diagnosis includes myxoid leiomyosarcoma.

 –    In contrast to IMT, myxoid leiomyosarcoma may show 
obvious malignant smooth muscle differentiation (with 
cytological atypia, mitoses, and tumor cell necrosis) in 
the non-myxoid tumor areas.        

    Perivascular Epithelioid Cell Tumor (PEComa) 
[ 56 ,  57 ] 

•     Perimenopausal patients with a mean age of 49 years.  
•   May be associated with tuberous sclerosis complex.  
•   Well-circumscribed or infi ltrative mass lesion.  
•   Admixture of variable amounts of sheets or fascicles of 

spindle to epithelioid cells with clear to eosinophilic 
cytoplasm.  

•   Nuclear atypia is usually minimal.  
•   Prominent delicate capillary network is characteristic.  
•   Features of malignant PEComa include more than 5 cm in 

size, infi ltrative border, marked cytological atypia, necro-
sis, and more than 1 mitosis per 50 HPF.  

•   Differential diagnosis
 –    Epithelioid smooth muscle tumors     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Diagnosis of PEComa and the distinction between 

PEComa and epithelioid smooth muscle tumors may 
be diffi cult if not impossible on frozen section. A con-
servative approach should be taken, and frozen diagno-
sis of “spindle cell tumor, defer to permanent sections 
for fi nal classifi cation” is recommended to avoid 
unnecessary staging surgery.        
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    Adenomatoid Tumor [ 58 ,  59 ] 

•     Generally an incidental fi nding in adult patients.  
•   Solitary lesion of less than 4 cm, most often located in the 

outer myometrium or subserosal region of uterus.  
•   The cut surface may be solid or partially cystic, tan- 

yellow with ill-defi ned borders.  
•   Histologically characterized by proliferation of anasto-

mosing glands, tubules, cystic spaces, or solid tumor nests 
composed of mesothelial cells (Fig.  5.45a, b ).

•      The cells are round, cuboidal, or fl attened with eosino-
philic cytoplasm.  

•   Absence of cytological atypia and mitotic activity.  
•   Intraglandular cytoplasmic bridging is characteristic 

(Fig.  5.45c, d ).  

•   Nodular smooth muscle hypertrophy is frequently present 
in the surrounding myometrium.  

•   Differential diagnosis
 –    Metastatic adenocarcinoma (signet ring cell 

carcinoma)  
 –   Mesothelioma  
 –   Lipoleiomyoma  
 –   Hemangioma and lymphangioma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Absence of cytological atypia and mitotic activity sep-

arates adenomatoid tumor from metastatic carcinoma 
and mesothelioma.  

 –   Distinction from lipoleiomyoma, hemangioma, and 
lymphangioma may be diffi cult and is not crucial at the 
time of intraoperative consultation.            

a b

c d

  Fig. 5.45    Adenomatoid tumor. Note the anastomosing glands or tubules ( a ,  b ) lined by fl attened epithelioid cells within the myometrium with 
characteristic intraglandular cytoplasmic bridging and absence of signifi cant nuclear atypia or mitotic activity ( c ,  d )       
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      Intrauterine Pregnancy and Gestational 
Trophoblastic Disease       

                Introduction 

 This chapter covers the frozen section evaluation of uterine 
contents for confi rmation of intrauterine pregnancy and 
 gestational trophoblastic disease (GTD). The latter encom-
passes a spectrum of proliferative disorders of placental tro-
phoblast ranging from nonneoplastic hydatidiform moles 
(partial and complete mole) to malignant trophoblastic 
tumors [ 1 ] (Table  6.1 ). The most aggressive form of 
 trophoblastic neoplasia, gestational choriocarcinoma, has 
become uncommon nowadays. Two distinct tumors of the 

intermediate trophoblast (placental site trophoblastic tumor 
and epithelioid trophoblastic tumor) are rare but frequently 
pose a diagnostic challenge when encountered. In addition, 
two reactive conditions (exaggerated placental site reaction 
and placental site nodule) are also classifi ed within GTD due 
to their potential misdiagnosis as neoplastic processes.

   Although rarely requested, possible scenarios for  frozen 
section evaluation include assessment for the presence of 
persistent trophoblastic disease, particularly invasive mole 
and metastatic trophoblastic lesions (metastatic mole) and 
diagnosis of trophoblastic tumors.  

  6

   Table 6.1    2014 World Health Organization classifi cation of gestational trophoblastic disease   

 Classifi cation  Subtypes  Trophoblastic cell of origin 

 Hydatidiform mole  Complete mole  Villous trophoblast 

 Partial mole  Villous trophoblast 

 Invasive mole  Villous trophoblast 

 Trophoblastic tumors  Gestational choriocarcinoma  Villous trophoblast 

 Placental site trophoblastic tumor  Implantation site intermediate trophoblast 

 Epithelioid trophoblastic tumor  Chorionic intermediate trophoblast 

 Nonneoplastic lesions  Exaggerated placental site reaction  Implantation site intermediate trophoblast 

 Placental site nodule  Chorionic intermediate trophoblast 

 Abnormal villous lesions  Various non-molar lesions histologically simulating partial mole  Villous trophoblast 

  Data from Kurman et al. [ 2 ]  
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    Intrauterine Pregnancy 

•     Frozen section evaluation may be requested to confi rm 
intrauterine gestation and/or to rule out an ectopic 
pregnancy.  

•   Gestational tissue, i.e., chorionic villi and/or fetal parts 
may be grossly identifi able.  

•   Histological evidence of intrauterine pregnancy includes 
chorionic villi, fetal parts, and implantation site interme-
diate trophoblast (Fig.  6.1 ).

•      Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Intrauterine pregnancy is confi rmed by the presence of 

any of the three gestational tissue types: chorionic 
villi, fetal parts, or implantation site intermediate 
trophoblast.  

 –   Edematous endometrial and endocervical tissue 
 fragments may be misinterpreted as chorionic villi; 
however, this pitfall can be avoided by recognition of 

cytotrophoblast and syncytiotrophoblast on the villous 
surface.  

 –   Presence of rare syncytiotrophoblast—without other 
gestational tissues—in an endometrial curettage does 
not rule out an ectopic pregnancy.        

    Hydatidiform Mole 

 Hydatidiform moles are nonneoplastic proliferations of the 
villous trophoblast, characterized by enlarged hydropic villi 
along with trophoblastic hyperplasia. They are incompatible 
with fetal survival and are genetically defi ned by their unique 
parental chromosome contributions. The two main subtypes 
are complete hydatidiform mole (CHM) and partial hydatidi-
form mole (PHM). Invasive hydatidiform mole is character-
ized by myometrial invasion. Persistent GTD is a clinical 
diagnosis and includes invasive mole and metastatic mole 
that may develop following either CHM or PHM. 

a b

c d

  Fig. 6.1    Histological evidence of intrauterine pregnancy. Note the presence of chorionic villi ( a ,  b ) and implantation site intermediate trophoblast 
( c ,  d ) in this uterine curettage specimen       
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    Complete Hydatidiform Mole (CHM) [ 1 ,  2 ] 

•     Clinical features
 –    Patients with fully developed CHM present in the sec-

ond trimester of pregnancy with vaginal bleeding, 
uterine enlargement, markedly elevated serum human 
chorionic gonadotropin (hCG), hyperemesis, toxemia, 
and hyperthyroidism.  

 –   Very early complete moles are frequently evacuated 
without clinical suspicion as missed abortion and with-
out abnormally elevated serum hCG.     

•   Gross pathology
 –    Diffuse villous hydrops.  
 –   No fetal parts present.  
 –   Early evacuation of complete molar tissue before the 

second trimester typically lacks a gross lesion.     
•   Microscopic features (Fig.  6.2 )

 –     Markedly edematous villi with central cistern formation.  
 –   Diffuse circumferential trophoblastic hyperplasia 

involving both cytotrophoblast and syncytiotrophoblast.  

 –   Presence of cytological atypia.  
 –   Absence of nucleated fetal red blood cells and fetal 

parts.  
 –    Early complete mole  shows normal-sized chorionic villi 

with abnormal “caulifl ower-like” or polypoid confi gura-
tions. The villous stroma is characteristically hypercellu-
lar, composed of stellate fi broblasts embedded in a bluish 
myxoid matrix with prominent karyorrhexis. Trophoblastic 
hyperplasia may be focally present or absent.     

•   Differential diagnosis
 –    Partial mole  
 –   Hydropic non-molar abortion     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Well-developed CHM presents with diffusely hydropic 

villi, which is not present in PHM and non-molar 
conditions.  

 –   Separation of very early complete mole from hydropic 
non-molar gestations, early gestational sac, and PHM 
is often challenging but not crucial at the time of intra-
operative consultation.        

a b

c

  Fig. 6.2    Well-developed complete mole. Note the diffuse villous hydrops with cistern formation ( a ), marked, circumferential villous trophoblastic 
hyperplasia, ( b ) and nuclear atypia of the trophoblast ( c )       
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    Partial Hydatidiform Mole (PHM) [ 1 ,  3 ] 

•     Clinical features
 –    Majority of patients present in the late fi rst trimester or 

early second trimester with missed or incomplete 
abortion.  

 –   Uterine size is usually small or appropriate for gesta-
tional age.  

 –   Serum hCG is usually moderately elevated and a fetus 
may be seen on ultrasound.     

•   Gross pathology
 –    Normal-sized villi admixed with edematous, enlarged 

ones  
 –   Frequent gestational sac or fetal parts     

•   Microscopic features
 –    Two populations of villi: large, hydropic, irregular villi 

in the background of small and fi brotic villi.  
 –   The larger villi show hydropic changes with central 

cistern formation, irregular/scalloped contours, and 
trophoblastic pseudo-inclusions.  

 –   Trophoblastic hyperplasia is usually mild and focal, 
and intermediate trophoblasts lack signifi cant nuclear 
atypia.  

 –   Fetal blood vessels and nucleated red blood cells are 
commonly seen.     

•   Differential diagnosis
 –    Complete mole  
 –   Hydropic non-molar abortion  
 –   Various chromosomal abnormalities, particularly 

 trisomy syndromes  
 –   Placental mesenchymal dysplasia     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Diagnostic separation from early complete mole, 

hydropic non-molar gestations, and placental mesen-
chymal dysplasia is often challenging, but not crucial 
at the time of intraoperative consultation.        

    Invasive Hydatidiform Mole [ 4 ] 

•     Generally presents after the initial evacuation with 
 persistent elevation of hCG.  

•   Frozen section may be requested to diagnose invasive 
mole and/or to evaluate the extent of disease.  

•   Both complete and partial hydatidiform moles 
may  progress into invasive or metastatic moles in 
 approximately 15–20 % and 0.5–4 % of cases, 
respectively.  

•   When hysterectomy is performed (Fig.  6.3 ), molar villi 
invading the myometrium without intervening decidua 
are diagnostic (Fig.  6.4 ).

•       Rarely molar villi also invade intramyometrial vessels 
and may spread to vagina, vulva and broad ligament. 
Lung metastases can also develop.  

•   Differential diagnosis
 –    Noninvasive complete and partial mole  
 –   Abnormal placentation of non-molar pregnancy— 

placenta accreta, increta, or percreta  
 –   Gestational choriocarcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues

 –    Noninvasive mole shows no histological evidence of 
villous tissue in direct contact with myometrial 
smooth muscle and does not involve lymphovascular 
spaces.  

 –   Placenta accreta, increta, and percreta show normal 
(non-molar) chorionic villi invading the myometrium 
without intervening decidua.  

 –   Exuberant trophoblastic proliferation should not be 
misinterpreted as choriocarcinoma in the presence of 
molar villi.         
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  Fig. 6.3    Invasive complete mole. Note hydropic molar tissue diffusely 
involving the endometrium with focal invasion into the myometrium at 
the lower uterine segment area       

a b

  Fig. 6.4    Invasive complete mole. Note attachment of molar villi to the myometrial smooth muscle without intervening decidua ( a ,  b )       
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    Gestational Trophoblastic Tumors 

    Gestational Choriocarcinoma (CC) [ 5 ,  6 ] 

•     Clinical features
 –    Presents during reproductive years (average age of 

30 years).  
 –   Clinical symptoms include vaginal bleeding and/or 

extrauterine hemorrhage as a result of metastases to 
lung, brain, liver, kidney, and gastrointestinal tract.  

 –   Develops following normal gestation, hydatidiform 
mole, or abortion in 50 %, 22.5 %, and 20 % of the 
cases, respectively.  

 –   Markedly elevated serum hCG.     
•   Gross pathology

 –    Bulky, extensively hemorrhagic, and necrotic mass 
lesion with destructive invasive border     

•   Microscopic features (Fig.  6.5 )
 –     Triphasic or biphasic growth pattern composed of dis-

tinct populations of villous intermediate trophoblast, 
cytotrophoblast, and syncytiotrophoblast.  

 –   Abundant tumor necrosis and hemorrhage.  
 –   Marked nuclear atypia, often with bizarre nuclei.  
 –   Brisk mitotic activity with frequent atypical mitotic 

fi gures.  
 –   Vascular invasion is common.  
 –   Chorionic villi are absent.     

•   Differential diagnosis
 –    Placental site trophoblastic tumor  
 –   Epithelioid trophoblastic tumor  
 –   Carcinoma with trophoblastic differentiation  
 –   Previllous trophoblasts of early placenta formation  
 –   Trophoblastic proliferation of complete mole after the 

initial evacuation  
 –   Exaggerated placental site reaction     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Recent history of gestation, marked elevation of serum 

hCG, and biphasic or triphasic tumor cell proliferation 
are important hints for the correct diagnosis at the time 
of intraoperative consultation.  

 –   Placental site trophoblastic tumor and epithelioid 
 trophoblastic tumor have low level of serum hCG and 
develop years after pregnancy.  

 –   In contrast to choriocarcinoma, carcinoma with 
 trophoblastic differentiation typically occurs in 
older patients with low level of serum hCG and 
shows at least focal glandular epithelial 
differentiation.  

 –   Presence of molar chorionic villi traditionally pre-
cludes the diagnosis of choriocarcinoma.  

 –   Exaggerated placental site reaction does not form a 
mass lesion and lacks cytological atypia and marked 
elevation of serum hCG.        
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a b

c d

  Fig. 6.5    Gestational choriocarcinoma. Note the triphasic proliferation 
of villous intermediate trophoblast (large mononuclear cells), cytotro-
phoblast (smaller monocular cells), and syncytiotrophoblast (multinu-

cleate cells) ( a ,  b ) and the presence of marked nuclear atypia and brisk 
mitotic activity ( c ,  d )       
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    Placental Site Trophoblastic Tumor (PSTT) [ 7 ] 

•     Clinical features
 –    Uncommon neoplasm of implantation site intermedi-

ate trophoblast.  
 –   Patients usually present during their reproductive 

years, months to several years after an antecedent term 
pregnancy, abortion, or a hydatidiform mole.  

 –   Clinical symptoms include irregular vaginal bleeding 
or amenorrhea and asymmetric uterine enlargement.  

 –   Most patients have low level of serum hCG.  
 –   Majority of PSTTs are cured by hysterectomy. 

10–15 % of tumors recur or develop metastases, most 
commonly to the lungs.     

•   Gross pathology
 –    Soft, tan-white or yellow infi ltrative mass involving 

the endo-myometrium  
 –   Occasionally may have foci of hemorrhage and 

necrosis     
•   Microscopic features

 –    Infi ltrative endo-myometrial growth.  
 –   Proliferation of atypical intermediate trophoblast as 

single cells, aggregates, or cords splitting apart indi-
vidual smooth muscle fi bers.  

 –   The tumor cells are predominantly mononuclear, but 
binucleated and multinucleated forms are also 
common.  

 –   Moderate to severe nuclear atypia and mitotic activity 
are usually present.     

•   Differential diagnosis
 –    Poorly differentiated carcinoma  
 –   Epithelioid smooth muscle tumors  
 –   Epithelioid trophoblastic tumor  
 –   Exaggerated implantation site  
 –   Choriocarcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Separation of epithelioid leiomyosarcoma from PSTT 

can be diffi cult at the time of frozen section diagnosis. 
Helpful hints in favor of trophoblastic tumor include 
elevation of serum hCG, stromal deposition of eosino-
philic fi brin, and extensive hyalinization.  

 –   Unlike PSTT, poorly differentiated endometrial carci-
noma may show foci of glandular or squamous differ-
entiation and does not have elevation of serum hCG.  

 –   PSTT does not have extensive destructive growth and 
a triphasic growth pattern typical of choriocarcinoma. 
The serum hCG level in PSTT is much lower than that 
of choriocarcinoma.  

 –   In contrast to PSTT, exaggerated placental site is a 
microscopic fi nding in a concurrent non-molar or 
molar pregnancy and does not form an invasive mass 
lesion.        

    Epithelioid Trophoblastic Tumor (ETT) [ 8 ] 

•     Clinical features
 –    Very rare trophoblastic tumor arising from the inter-

mediate trophoblast of chorion laeve.  
 –   Patients present during their reproductive years with 

abnormal vaginal bleeding and mild to moderate ele-
vation of serum hCG.  

 –   The tumor may develop 1–18 years (mean 6.2) after a 
full-term delivery, spontaneous abortion, or a molar 
pregnancy.  

 –   Most tumors have a benign clinical course, but local 
recurrence and metastases occur in approximately 
25 % of cases.     

•   Gross pathology
 –    Well-defi ned tan to brown nodule  
 –   Frequently involves the endocervix or lower uterine 

segment     
•   Microscopic features

 –    Typically an expansile lesion.  
 –   Solid nests and sheets of mononuclear intermediate 

trophoblastic cells.  
 –   Tumor nests frequently contain eosinophilic, hyalin-

ized material and necrotic debris, resembling keratin. 
Geographic necrosis is common.  

 –   The tumor cells are fairly uniform with mild to moder-
ate nuclear atypia and relatively abundant eosinophilic 
or clear cytoplasm.  

 –   Mitoses are common and may be numerous.  
 –   The tumor cells may colonize the cervical mucosal 

surface, simulating cervical squamous intraepithelial 
lesion.  

 –   Decidualized benign stromal cells are frequently found 
around the tumor nests.     

•   Differential diagnosis
 –    Squamous cell carcinoma of the cervix  
 –   Choriocarcinoma  
 –   Placental site trophoblastic tumor  
 –   Epithelioid smooth muscle tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    ETT frequently involves the cervix and histologically 

simulates squamous cell carcinoma (SCC) by its epi-
thelioid tumor nests, presence of keratin-like material 
within the tumor nests and colonization of cervical 
mucosa. In contrast to cervical SCC, patients with ETT 
have low level of serum hCG and lack history of human 
papillomavirus infection and cervical dysplasia.  

 –   Unlike choriocarcinoma, ETT has only low level of 
serum hCG, and it lacks extensive destructive growth 
and triphasic morphologic pattern.  

 –   Separation of epithelioid leiomyosarcoma from ETT 
can be diffi cult at the time of frozen section diagnosis. 
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Helpful hints in favor of trophoblastic tumor include 
elevation of serum hCG, extensive hyalinization, and 
calcifi cation.  

 –   In contrast to ETT, placental site nodule is an inciden-
tal microscopic fi nding and does not form an invasive 
mass lesion.         

    Tumorlike Conditions 

    Exaggerated Placental Site Reaction (EPS) [ 9 ] 

•     Reactive process, usually seen with a concurrent preg-
nancy—non-molar or molar, particularly complete 
mole.  

•   Generally a microscopic lesion.  
•   Infi ltrative growth pattern of intermediate trophoblasts 

within the myometrium with presence of extracellular 
fi brinoid material.  

•   Evenly distributed multinucleated intermediate trophoblasts.  
•   The differential diagnosis is PSTT. Unlike PSTT, exag-

gerated placental site reaction does not form an invasive 
mass lesion and presents with a concurrent pregnancy.     

    Placental Site Nodule (PSN) [ 10 ,  11 ] 

•     Retained placental chorion laeve tissue that persists for 
months to years after pregnancy.  

•   Incidental microscopic fi nding and is not accompanied by 
serum hCG elevation.  

•   Histologically, PSN is a nodular or plaque-like lesion that 
is paucicellular with marked hyalinization and scattered 
inactive intermediate trophoblast without signifi cant 

atypia or mitotic activity.  
•   The main differential diagnosis is ETT. In contrast to 

ETT, placental site nodule does not form an invasive mass 
lesion, has an extensive hyalinized matrix, and lacks 
atypia and mitotic activity.         
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      Fallopian Tube       

                Introduction 

 Neoplastic or reactive lesions presenting at the fallopian 
tube as a primary site of involvement are uncommon. 
The  fallopian tube is most often received for intraoperative 
frozen section evaluation as part of a salpingo-oophorectomy 
specimen. The primary disease site may not always be accu-
rately determined by preoperative imaging studies or the sur-
geon’s intraoperative assessment, and the specimen sent to 
pathology as an ovarian/adnexal mass occasionally may reveal 
a primary fallopian tube disease process. The most common 
primary fallopian tube lesions include epithelial neoplasms—
benign, borderline, or malignant—embryonal remnants and 
cysts (e.g., paratubal cyst), endometriosis, infl ammatory 

 conditions, and ectopic pregnancy. Frozen  section of the fal-
lopian tube is indicated when the lesion is located within the 
tube or the primary site—ovarian versus tubal—cannot be 
determined with certainty based on the gross examination. 
Thorough intraoperative gross evaluation of the fallopian tube 
is typically suffi cient when the main lesion is of primary ovar-
ian or uterine origin. The role and optimal pathology protocol 
for intraoperative assessment of risk-reducing salpingo-
oophorectomy specimens is still evolving, and currently no 
standardized guidelines exist. This chapter covers the frozen 
section pathologic features and implications of the most com-
mon neoplastic and nonneoplastic tubal lesions and clinico-
pathologic considerations of intraoperative evaluation of 
risk-reducing salpingo-oophorectomy specimens.  

  7
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    Primary Tumors of the Fallopian Tube 

    Serous Adenofi broma 

•     Most often an incidental fi nding.  
•   Small, benign biphasic tumor, typically located at the fi m-

briated end of the fallopian tube [ 1 ].  
•   May form a grossly recognizable mass.  
•   Histology is similar to its ovarian counterpart: variably 

sized irregular glands lined by benign tubal-type epithe-
lium and fi bromatous stromal component (Fig.  7.1 ).

 –     No signifi cant nuclear atypia or mitotic activity.     
•   Differential diagnosis

 –    Serous borderline/atypical proliferative tumor (SBT/
APST)     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Lack of signifi cant cytological atypia and papillary 

epithelial proliferation separates this entity from SBT/
APST.        

    Serous Borderline/Atypical Proliferative Tumor 
(SBT/APST) 

•     Rare tumor, histologically resembling its ovarian 
counterpart.  

•   Clinicopathologic implications and prognosis are similar 
to ovarian SBT/APST.     

a

c

b

  Fig. 7.1    Serous adenofi broma. Variably sized, round, or irregularly shaped glands in a background of fi bromatous stroma; note the adjacent tubal 
fi mbria ( a ,  upper left  portion of image). The glands are lined by a single layer of tubal-type epithelium without atypia ( b ,  c )       
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    Serous Tubal Intraepithelial Carcinoma (STIC) 

•     Noninvasive serous carcinoma, most often arising in the 
fi mbria or distal end of the fallopian tube.  

•   The reported incidence of STIC in risk-reducing salpingo- 
oophorectomy specimens is 0.6–6 % [ 2 – 5 ].  

•   Most STICs do not form a grossly recognizable mass 
lesion; however, rare cases of exophytic noninvasive 
serous carcinoma may be identifi ed on gross examination 
as a small nodule [ 6 ].  

•   Microscopically STIC demonstrates multilayered epithe-
lium with hyperchromatic, markedly atypical cells (Fig.  7.2 ).
 –     High nuclear to cytoplasmic ratio.  
 –   Prominent nucleoli.  
 –   Loss of polarity.  
 –   Absence of cilia.  
 –   Mitotic fi gures are often present.  
 –   Tumor cells may exfoliate into the tubal lumen.  
 –   Absence of stromal invasion.     

•   Differential diagnosis
 –    Tangential sectioning of tubal epithelium  
 –   Benign metaplastic changes—transitional, squamous, or 

papillary syncytial metaplasia—of the tubal epithelium  
 –   Tubal epithelial hyperplasia  
 –   Atypical epithelial lesions falling short of STIC mor-

phologic criteria  
 –   Invasive tubal high-grade serous carcinoma  
 –   Secondary tubal spread from other gynecologic—

ovarian or uterine—primaries     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Atypical epithelial lesions falling short of STIC mor-
phologic criteria do not need to be specifi ed on frozen 
section as they do not require further surgery.  

 –   Recurrence rate of STIC is low (has been reported in 
less than 10 % of cases) [ 7 ,  8 ].  

 –   Peritoneal washing is recommended.  
 –   No uniform guidelines on the role and extent of 

 surgical staging; approximately 50 % of patients with 
STIC in the literature underwent hysterectomy and 
omental biopsy/omentectomy, and only 24 % had 
lymph node sampling performed [ 7 ].  

 –   The diagnosis of STIC on frozen section (i.e., on mor-
phology alone, without ancillary studies) may be very 
challenging, and a conservative approach or deferral to 
permanent sections is reasonable in diffi cult cases to 
avoid overdiagnosis.  

 –   Invasive tubal serous carcinoma typically requires 
 surgical staging [ 8 ].  

 –   Secondary tubal involvement—by direct spread or 
metastasis—by other gynecologic primary tumors 
(ovarian or endometrial) may colonize the tubal epi-
thelium mimicking STIC.
•    If the diagnosis of ovarian or endometrial malig-

nancy is established (previously or intraopera-
tively), additional tubal involvement (whether 
secondary or synchronous primary tumor) typically 
does not have a signifi cant impact on the surgical 
management.     

 –   Metastatic tumors from non-gynecologic primaries 
may also mimic STIC, but they usually involve the 
stroma of fallopian tube and multiple other organs as 
well.
•    In patients with prior history of non-gynecologic 

malignancy, morphologic comparison with the 
prior specimen(s)—if available at the time of frozen 
section—should be made.           
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a b

c

  Fig. 7.2    Serous tubal intraepithelial carcinoma (STIC). Multilayered epithelium ( a ) with loss of polarity, hyperchromasia, increased nuclear to 
cytoplasmic ratio, and severe cytological atypia are characteristic ( b ,  c ). Mitotic fi gures are common ( c )       
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    High-Grade Serous Carcinoma (Invasive) 

•     Most common type of tubal carcinoma.  
•   May present with abdominal/pelvic pain or may be an 

incidental fi nding.
 –    Tubal carcinomas (intraepithelial and invasive) have 

been reported in 5–10 % of risk-reducing salpingo- 
oophorectomy specimens [ 2 – 5 ].     

•   May involve bilateral fallopian tubes.  
•   Histologically resembles high-grade ovarian serous 

 carcinoma (see Chap.   8    ) (Fig.  7.3 ).
 –     Papillary, solid, or slit-like glandular pattern.  
 –   Marked nuclear atypia and frequent mitotic fi gures, 

including atypical mitoses.  
 –   Stromal invasion.  
 –   Necrosis and lymphovascular invasion may be appar-

ent on frozen section.  
 –   Psammoma bodies may be seen.     

•   Differential diagnosis
 –    Serous tubal intraepithelial carcinoma (STIC)  
 –   Secondary tubal spread from other gynecologic—

ovarian or uterine—or non-gynecologic primaries     
•   Diagnostic pitfalls/key intraoperative consultation 

issues
 –    Secondary tubal involvement—via direct spread or 

metastasis—by ovarian or endometrial serous carci-
noma is common.
•    If the diagnosis of ovarian or endometrial malig-

nancy is established (previously or intraopera-
tively), additional tubal involvement (whether 
secondary or synchronous primary tumor) typically 
does not have a signifi cant impact on the surgical 
management.     

 –   Metastatic tumors from non-gynecologic primaries 
(most commonly breast or gastrointestinal) may mimic 
primary tubal carcinoma.
•    In patients with prior history of non-gynecologic 

malignancy, morphologic comparison with the 
prior specimen(s)—if available at the time of frozen 
section—should be made.           

    Adenomatoid Tumor 

•     Benign tumor of mesothelial origin.  
•   Usually small, incidental fi nding (<2 cm in size).  
•   May be identifi ed grossly as a solid, white, or yellow 

mass lesion.  
•   Microscopic features are similar to its uterine counterpart 

(see Chap.   5    ).
 –    Proliferation of small, irregular glandular spaces lined 

by bland mesothelial cells.  
 –   No signifi cant nuclear atypia or mitotic activity.  
 –   Basophilic mucoid material may be seen in gland lumens.     

•   Differential diagnosis
 –    Angioma and lymphangioma  
 –   Metastatic adenocarcinoma, especially of the signet- 

ring cell type     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Signifi cant nuclear atypia, single cell spread, stromal 
infi ltration, and stromal desmoplastic reaction are not 
features of adenomatoid tumor and should raise suspi-
cion for metastatic adenocarcinoma.
•    If there is a clinical history of malignancy, morpho-

logic comparison with the prior specimen(s) should 
be made.            

a b

  Fig. 7.3    High-grade serous carcinoma of the fallopian tube. Markedly 
atypical epithelial cells infi ltrating the fallopian tube stroma in the form 
of solid nests and glandular structures with slit-like spaces. Note the 

overlying tubal epithelium ( a ). High nuclear to cytoplasmic ratio, 
prominent nucleoli, and frequent mitoses are seen ( b )       
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    Metastatic Tumors of the Fallopian Tube 

    Gynecologic Primaries 

•     The most common secondary fallopian tube involve-
ment—via direct spread or metastasis—is by ovarian or 
endometrial primaries.  

•   The pattern of involvement may be:
 –    Superfi cial mucosal, colonizing the tubal epithelium 

mimicking an in situ lesion  
 –   Infi ltrative, involving the tubal wall  
 –   Luminal; detached tumor fragments in the tubal lumen     

•   In cases of known ovarian or endometrial malignancy, 
additional tubal involvement typically does not have a sig-
nifi cant impact on the immediate surgical management.
 –    Determination of tumor origin—secondary or syn-

chronous independent primary—can be deferred to 
permanent sections.        

    Non-gynecologic Primaries 

•     Less frequently the tube may harbor metastases from 
extragenital primary sites—particularly the gastrointesti-
nal tract and breast (Fig.  7.4 ).

•      Lymphovascular invasion is commonly identifi ed.  
•   No gynecologic staging surgery is performed for meta-

static tumors involving the fallopian tube.  
•   Concurrent ovarian metastasis may also be present; hence, 

evaluation of ovaries—if available for frozen section—
may be helpful.  

•   In patients with prior history of non-gynecologic malig-
nancy, morphologic comparison with the prior specimen(s) 
should be made.      

a b

  Fig. 7.4    Metastatic lobular carcinoma of the breast involving fallopian tube mucosa. Note the thickened, hypercellular mucosal folds ( a ) infi l-
trated by relatively uniform discohesive tumor cells ( b ). The overlying thin tubal epithelium is uninvolved ( b )       
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    Nonneoplastic/Reactive Lesions 
of the Fallopian Tube 

    Tubal Epithelial Hyperplasia 

•     Relatively common benign fi nding in fallopian tubes.  
•   Focal proliferation/pseudostratifi cation of tubal epithe-

lium (Fig.  7.5a, b ).
•      Papillary architecture—papillary tubal hyperplasia—is 

less common, showing papillary projections of tubal 
 epithelium and round tips of papillae fl oating in the 
 fallopian tube lumen (Fig.  7.5c–e ).  

•   No signifi cant nuclear atypia or mitotic activity.  
•   Ciliated cells are typically present.  
•   Psammomatous calcifi cations may be seen in papillary 

tubal hyperplasia.  

•   Differential diagnosis
 –    Serous borderline/atypical proliferative tumor (SBT/

APST)  
 –   Serous tubal intraepithelial carcinoma (STIC)     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Papillary tubal hyperplasia may be associated with 

SBT/APST [ 9 ].  
 –   No impact on intraoperative surgical management.  
 –   May mimic SBT/APST or STIC on low magnifi cation; 

high magnifi cation shows lack of signifi cant nuclear 
atypia or mitotic activity and preserved nuclear 
polarity.  

 –   If the histologic features are equivocal, conservative 
approach or deferral to permanent sections is reason-
able to avoid overtreatment.        
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a b

c d

e

  Fig. 7.5    Tubal epithelial hyperplasia shows pseudostratifi cation of tubal epithelium without cytological atypia or loss of polarity ( a ,  b ). Papillary 
tubal hyperplasia forms papillary epithelial projections into the tubal lumen with occasional free-fl oating round tips of papillae ( c–e )       
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    Embryonic Remnants/Cysts 

•      Mesonephric remnants  are commonly encountered adja-
cent to the fallopian tube and are usually easily recognized 
as small, round glandular structures lined by a single layer 
of low columnar or cuboidal epithelial cells (Fig.  7.6 ).
 –     Smooth muscle is typically prominent surrounding the 

mesonephric remnants.  
 –   No signifi cant nuclear atypia or mitotic activity.  
 –   Intraluminal eosinophilic secretion may be seen.  
 –   Ciliated cells may be present.     

•    Walthard nests —transitional-type epithelial nests,  adre-
nocortical rests,  and aggregates of  hilus cells  may also be 
identifi ed near the fallopian tube.  

•    Paratubal cysts  may range from less than a cm to several 
cm in size and are most commonly lined by tubal-type 
epithelium (Fig.  7.7 ).
 –     May mimic an ovarian lesion clinically and/or 

radiologically.  

 –   Lack signifi cant epithelial proliferation, nuclear atypia, 
or mitotic activity.  

 –   Rarely SBT/APST may arise in paratubal cysts.        

    Endometriosis 

•     Endometriosis may involve the serosal aspect or mucosa 
of the fallopian tube.  

•   Similar to other sites, microscopic examination shows 
variable proportions of endometrial glandular epithelium 
and endometrial stroma often with hemosiderin-laden 
macrophages.  

•   Defi nitive diagnosis is typically not required on frozen 
section.     

a

c

b

  Fig. 7.6    Mesonephric remnants are small glandular structures surrounded by prominent smooth muscle ( a ,  b ). The lining epithelium is a single 
layer of cuboidal or low columnar cells without atypia ( c )       
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a b

  Fig. 7.7    Paratubal cyst with a thin, folded cyst wall ( a ) and tubal-type epithelial lining with ciliated cells ( b )       
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    Salpingitis: Acute and Chronic 

•     Acute and chronic infl ammation of the fallopian tube may 
result in signifi cant edema, necrosis, and pelvic- and 
tubo-ovarian adhesions mimicking a mass lesion clini-
cally and/or radiologically.  

•   Microscopic examination shows variable amount of acute 
and/or chronic infl ammatory infi ltrate often with exten-
sive adhesions, edema, and hemorrhage (Fig.  7.8 ).

•      Necrosis may also be seen.  
•   Reactive tubal epithelial changes and surface mesothelial 

hyperplasia may also be present (see Chap.   13    ).
 –    Epithelial atypia should be interpreted with caution in 

the background of marked acute and/or chronic infl am-
mation to avoid overdiagnosis.        

a b

c

  Fig. 7.8    Acute and chronic salpingitis. Note the mixed infl ammatory infi ltrate involving the tubal mucosa ( a ) with aggregates of foamy macro-
phages ( b ). Reactive epithelial changes may also be seen ( c )       

 

Nonneoplastic/Reactive Lesions of the Fallopian Tube

http://dx.doi.org/10.1007/978-3-319-21807-6_13


162

    Ectopic Pregnancy 

•     Ectopic pregnancy accounts for approximately 1–2 % of 
all pregnancies, most of which occur in the fallopian tube 
[ 10 ].
 –    Rare cases involve bilateral fallopian tubes, and simul-

taneous ectopic and intrauterine pregnancies may also 
occur [ 11 ].     

•   Clinical symptoms include amenorrhea, vaginal bleeding, 
and abdominal pain.  

•   Occasionally may mimic neoplastic proliferation clini-
cally and/or radiologically.  

•   Rupture of fallopian tube may occur in approximately 
25 % of cases [ 12 ].  

•   Gross fi ndings include dilatation of the tube—most com-
monly the ampulla, red-blue discoloration, and dusky 
serosal surface (Fig.  7.9 ).

•      Microscopically presence of chorionic villi—viable or 
necrotic—and/or implantation site confi rm the diagnosis 

of tubal pregnancy; fetal parts are less commonly seen 
(Fig.  7.10 ).
 –     Identifi cation of necrotic/degenerated chorionic villi 

may be diffi cult on frozen section.  
 –   Edematous tubal mucosal folds may mimic chorionic 

villi.
•    Helpful features confi rming chorionic villi (versus 

tubal mucosa): presence of multinucleated syncy-
tiotrophoblast on villous surface and absence of 
cilia.     

 –   Trophoblastic proliferation may be exuberant, sheet-
like, raising concern for gestational trophoblastic dis-
ease (see Chap.   6    ).
•    Confi rmation of ectopic pregnancy is typically suf-

fi cient on frozen section; defi nitive diagnosis of 
gestational trophoblastic disease can be deferred to 
permanent sections.            

  Fig. 7.9    Tubal pregnancy. The fallopian tube is dilated with a red-blue, 
dusky serosal surface       
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a

c

b

  Fig. 7.10    Tubal pregnancy. Edematous tubal mucosal folds may mimic chorionic villi ( a ,  right side  of image). Blood clot with clusters of intervil-
lous intermediate trophoblast ( a ,  left side  of image) and degenerated chorionic villi with multinucleated syncytiotrophoblast ( b ,  c )       
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    Risk-Reducing Salpingo-oophorectomy 
Specimens 

•     Prophylactic bilateral salpingo-oophorectomy is often 
performed in women who are at increased risk for epithe-
lial ovarian and fallopian tube malignancy.  

•   Prophylactic bilateral salpingo-oophorectomy has been 
shown to reduce the risk of ovarian cancer by 90 % and the 
risk of breast cancer by 50 % in  BRCA  mutation carriers [ 13 ].  

•   In addition to  BRCA1  and  BRCA2  mutation carriers, 
patients with Lynch syndrome or strong family history of 
breast and ovarian carcinoma may also undergo risk- 
reducing salpingo-oophorectomy (RRSO).  

•   The reported rate of tubal carcinomas (intraepithelial and 
invasive) in RRSO specimens has ranged between 5 and 
10 %, with intraepithelial carcinoma (STIC) only in 
0.6–6 % of cases [ 2 – 5 ,  7 ,  14 ].  

•   Most tumors in RRSO specimens are small and may not 
be detected by gross examination.  

•   To enhance detection of early lesions in RRSO speci-
mens, a gross examination protocol has been proposed 
and adopted by many institutions—termed the “section-
ing and extensively examining the fi mbriated end” (SEE- 
FIM) protocol [ 15 ,  16 ], which includes:

 –    Specimen fi xation before grossing  
 –   Sectioning of the distal 2 cm of fallopian tube longitu-

dinally and the remainder of the tube perpendicular to 
the lumen at 2–3 mm intervals  

 –   Sectioning of ovaries at 2–3 mm intervals  
 –   Microscopic examination of the entire specimen     

•   No standard pathology guidelines exist for optimal intra-
operative evaluation of RRSO specimens.  

•   Practical considerations at the time of frozen section include:
 –    Sectioning of RRSO specimens fresh (without proper 

formalin fi xation) may result in uneven slices and sub-
optimal tissue quality.  

 –   Frozen section evaluation may potentially exhaust the 
lesional tissue.  

 –   Patients may benefi t from an immediate staging proce-
dure if a high-grade serous carcinoma (tubal or ovar-
ian) is diagnosed on frozen section.  

 –   A recent study recommends a practical algorithmic 
approach based on the preparedness of the surgical 
team and the gross fi ndings [ 6 ]:
•    If the surgical team is prepared to proceed with 

staging surgery in case a carcinoma is diagnosed on 
frozen section, then intraoperative gross evaluation 
of the specimen should be performed.
 –    Any grossly identifi ed nodule >0.5 cm should be 

submitted for frozen section.     
•   If the surgical team is not prepared for staging sur-

gery, immediate formalin fi xation followed by the 
SEE-FIM protocol (see above) is recommended.              

   References 

    1.    Bossuyt V, Medeiros F, Drapkin R, Folkins AK, Crum CP, 
Nucci MR. Adenofi broma of the fi mbria: a common entity that is 
indistinguishable from ovarian adenofi broma. Int J Gynecol Pathol. 
2008;27:390–7.  

      2.    Carcangiu ML, Peissel B, Pasini B, Spatti G, Radice P, Manoukian 
S. Incidental carcinomas in prophylactic specimens in BRCA1 and 
BRCA2 germ-line mutation carriers, with emphasis on fallopian 
tube lesions: report of 6 cases and review of the literature. Am J 
Surg Pathol. 2006;30:1222–30.  

   3.    Callahan MJ, Crum CP, Medeiros F, Kindelberger DW, Elvin JA, 
Garber JE, et al. Primary fallopian tube malignancies in BRCA- 
positive women undergoing surgery for ovarian cancer risk reduc-
tion. J Clin Oncol. 2007;25:3985–90.  

   4.    Rabban JT, Barnes M, Chen LM, Powell CB, Crawford B, Zaloudek 
CJ. Ovarian pathology in risk-reducing salpingo-oophorectomies 
from women with BRCA mutations, emphasizing the differential 
diagnosis of occult primary and metastatic carcinoma. Am J Surg 
Pathol. 2009;33:1125–36.  

      5.    Powell CB, Chen LM, McLennan J, Crawford B, Zaloudek C, 
Rabban JT, et al. Risk-reducing salpingo-oophorectomy (RRSO) in 
BRCA mutation carriers: experience with a consecutive series of 
111 patients using a standardized surgical-pathological protocol. 
Int J Gynecol Cancer. 2011;21:846–51.  

     6.    Rabban JT, Mackey A, Powell CB, Crawford B, Zaloudek CJ, Chen 
LM. Correlation of macroscopic and microscopic pathology in risk 
reducing salpingo-oophorectomy: implications for intraoperative 
specimen evaluation. Gynecol Oncol. 2011;121:466–71.  

      7.    Wethington SL, Park KJ, Soslow RA, Kauff ND, Brown CL, Dao F, 
et al. Clinical outcome of isolated serous tubal intraepithelial carci-
nomas (STIC). Int J Gynecol Cancer. 2013;23:1603–11.  

     8.    Powell CB, Swisher EM, Cass I, McLennan J, Morquist B, Garcia 
RL, et al. Long term follow up of BRCA1 and BRCA2 mutation 
carriers with unsuspected neoplasia identifi ed at risk reducing 
salpingo- oophorectomy. Gynecol Oncol. 2013;129:364–71.  

    9.    Kurman RJ, Vang R, Junge J, Hannibal CG, Kjaer SK, Shih 
IM. Papillary tubal hyperplasia: the putative precursor of ovarian 
atypical proliferative (borderline) serous tumors, noninvasive 
implants, and endosalpingiosis. Am J Surg Pathol. 2011;35:
1605–14.  

    10.    Farquhar CM. Ectopic pregnancy. Lancet. 2005;366:583–91.  
    11.    Marcus SF, Macnamee M, Brinsden P. Heterotopic pregnancies 

after in-vitro fertilization and embryo transfer. Hum Reprod. 
1995;10:1232–6.  

    12.    Falcone T, Mascha EJ, Goldberg JM, Falconi LL, Mohla G, Attaran 
M. A study of risk factors for ruptured tubal ectopic pregnancy. J 
Womens Health. 1998;7:459–63.  

    13.    Roukos DH, Briasoulis E. Individualized preventive and therapeu-
tic management of hereditary breast ovarian cancer syndrome. Nat 
Clin Pract Oncol. 2007;4:578–90.  

    14.    Finch A, Shaw P, Rosen B, Murphy J, Narod SA, Colgan TJ. Clinical 
and pathologic fi ndings of prophylactic salpingo-oophorectomies 
in 159 BRCA1 and BRCA2 carriers. Gynecol Oncol. 2006;100:
58–64.  

    15.    Lee Y, Medeiros F, Kindelberger D, Callahan MJ, Muto MG, Crum 
CP. Advances in the recognition of tubal intraepithelial carcinoma: 
applications to cancer screening and the pathogenesis of ovarian 
cancer. Adv Anat Pathol. 2006;13:1–7.  

    16.    Gwin K, Wilcox R, Montag A. Insights into selected genetic 
 diseases affecting the female reproductive tract and their implica-
tion for pathologic evaluation of gynecologic specimens. Arch 
Pathol Lab Med. 2009;133:1041–52.    

7 Fallopian Tube



165© Springer International Publishing Switzerland 2015
P. Hui, N. Buza, Atlas of Intraoperative Frozen Section Diagnosis in Gynecologic Pathology, 
DOI 10.1007/978-3-319-21807-6_8

      Ovarian Epithelial Tumors       

                Introduction 

 Surface epithelial tumors are the most common group of 
ovarian neoplasms in general and represent approximately 
90 % of ovarian malignancy; hence, they are one of the most 
frequently encountered gynecologic specimens in the frozen 
section laboratory. Preoperative diagnostic workup of ovar-
ian tumors is usually limited to imaging studies and serum 
markers, both of which suffer from low sensitivity and speci-
fi city. Intraoperative frozen section evaluation therefore is 
crucial for determining the required extent of surgery: lim-
ited cystectomy or unilateral salpingo-oophorectomy for 
benign tumors—especially in young patients desiring fertil-
ity preservation—or extensive staging procedure with bilat-
eral salpingo-oophorectomy, lymph node dissection, 
omentectomy, and peritoneal biopsies for ovarian carcino-
mas. Accurate diagnosis and classifi cation of borderline 
(atypical proliferative) tumors may also allow for conserva-
tive surgical management and fertility preservation in the 
reproductive age group [ 1 ,  2 ]. Misinterpretation of the frozen 
section, on the other hand, may result in unnecessary exten-
sive surgical procedure or will put the patient at risk for a 
second surgery. 

 Combination of careful gross examination, appropriate 
sampling, and interpretation of morphologic fi ndings along 
with familiarity of the clinical context is key to the accurate 
frozen section diagnosis and successful intraoperative 
 consultation on epithelial ovarian tumors. The proportion of 

solid and cystic areas on gross examination may provide a 
preliminary impression in this group of neoplasms, as vast 
majority of completely cystic tumors with a smooth lining 
and without solid nodules is histologically benign [ 3 ]. On the 
other hand, many of the benign epithelial tumors have a par-
tially or entirely solid cut surface, e.g., adenofi bromas or 
benign Brenner tumors. Serous tumors, both benign and 
malignant, are often bilateral; however, bilaterality of muci-
nous tumors—especially those with borderline or overt 
malignant features—should always raise suspicion for 
metastasis. In addition, mucinous tumors generally require 
more extensive sampling even at the time of frozen section, 
due to their signifi cant histological heterogeneity. Clinical 
history of any previous malignancy is very important in this 
setting, but may not be provided by the clinical team unless 
asked specifi cally. The patient’s age and reproductive status 
also play a signifi cant role in the frozen section consultation 
of ovarian epithelial tumors. The distinction between border-
line tumors and invasive carcinomas may be diffi cult at the 
time of frozen section and a conservative approach may be 
appropriate, especially in young patients to avoid overdiag-
nosis of carcinoma. 

 The differential diagnosis of epithelial ovarian tumors 
also includes other primary ovarian neoplasms—e.g., sex 
cord-stromal tumors, germ cell tumors, and other miscel-
laneous neoplastic or nonneoplastic conditions, which will 
be separately discussed in detail within the following 
chapters.  

  8
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    Serous Ovarian Tumors 

    Serous Cystadenoma 

•     Clinical features
 –    Usually adults; mean age between 40 and 60 years  
 –   Up to 20 % bilateral     

•   Gross pathology (Fig.  8.1 )
 –     Uni- or oligolocular cyst.  
 –   Up to 30 cm in size, mean: 5–8 cm.  
 –   Smooth external surface.  
 –   Typically fi lled with clear, watery fl uid; occasionally 

appears thicker, mucoid in consistency.  
 –   Smooth inner lining without solid areas or papillary 

excrescences.  
 –   Gross sampling should include multiple fragments or 

“rolled up” cyst wall in one block.     
•   Microscopic features (Fig.  8.2 )

 –     Single layer of cuboidal to columnar cells, resembling 
tubal-type epithelium; often with pseudostratifi cation 
of nuclei.  

 –   Ciliated cells are present.  
 –   No cytological atypia.  
 –   No signifi cant epithelial proliferation.     

•   Differential diagnosis
 –     Serous cystadenoma with focal epithelial proliferation  

(<10 % of epithelial lining shows atypical prolifera-
tion) [ 4 ,  5 ]  

 –   Serous borderline tumor (SBT)/atypical proliferative 
serous tumor (APST)  

 –    Mucinous cystadenoma ; especially when cyst contents 
appear grossly mucinous  

 –   Endometriosis  
 –   Other cystic benign, nonneoplastic lesions (e.g., 

 paratubal cyst, hydrosalpinx, cystic follicle/follicular 
cyst)     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –     Tangential sectioning  of serous/tubal-type epithelium 

may mimic epithelial proliferation.  
 –    Prominent pseudostratifi cation  of nuclei may mimic 

epithelial proliferation/atypia.  
 –    Serous cystadenoma with focal epithelial proliferation  

(<10 % of epithelial lining shows atypical prolifera-
tion) [ 4 ,  5 ].
•    Does not meet criteria for SBT/APST, no staging 

surgery is necessary.  
•   Additional frozen section sampling should be 

 pursued to rule out SBT/APST.  
•   Surgeon may be advised that additional sampling 

for permanent sections could increase the percent-
age of atypical proliferation, especially in large 
tumors.     

 –   SBT/APST
•    Epithelial proliferation and tufting in at least 10 % 

of tumor with mild cytological atypia     
 –   Mucinous cystadenoma

•    Classifi cation/diagnosis is based on histological 
cell type, not gross appearance of cyst contents.  

•   Surgeon may perform appendectomy if the frozen 
section diagnosis indicates a mucinous cystade-
noma (see mucinous ovarian tumors).     

 –   Precise distinction from benign, nonneoplastic cystic 
lesions is typically not required on frozen section.        

a b

  Fig. 8.1    Serous cystadenoma macroscopic appearance: smooth ovarian surface ( a ) and unilocular cyst with thin wall and a smooth cyst lining 
without papillary excrescences ( b )       
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a b

c

  Fig. 8.2    Serous cystadenoma. The cyst is lined by ciliated tubal-type epithelium ( a ,  b ) often with nuclear pseudostratifi cation ( c ). Signifi cant 
epithelial proliferation, tufting, and cytological atypia are absent       
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    Serous Cystadenofi broma/Adenofi broma 

•     Clinical features
 –    Usually occurs in adults, with a mean age between 40 

and 60 years  
 –   Up to 20 % bilateral     

•   Gross pathology (Fig.  8.3 )
 –     Surface may be lobulated or have coarse, fi rm papil-

lary projections.  
 –   Variable proportion of cystic and solid areas.  
 –   Lining of cystic component may have papillary projec-

tions, which are typically fi rm and coarse  
 –   Serous adenofi bromas without a cystic component 

have a solid, fi rm cut surface occasionally with visible 
small lumina (“spongelike” appearance).  

 –   Gross sampling should be focused on papillary and 
solid areas, with multiple blocks if necessary.     

•   Microscopic features (Fig.  8.4a, b )
 –     Broad, fi brous papillae lined by a single layer of serous 

(tubal-type) epithelium, protruding into the cyst lumen 
(cystadenofi broma) or scattered glands with serous 
(tubal- type) lining embedded in fi brous stroma 
(adenofi broma).  

 –   Ciliated cells are present.  
 –   No cytological atypia or signifi cant epithelial 

proliferation.  
 –   May show focal calcifi cations (stromal or epithelial).     

•   Differential diagnosis
 –     Serous cystadenoma with focal epithelial proliferation  

(<10 % of epithelial lining shows atypical prolifera-
tion) [ 4 ,  5 ]  

 –   Serous borderline tumor (SBT)/atypical proliferative 
serous tumor (APST)  

 –   Endometriosis  
 –   Endometrioid adenofi broma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –     Tangential sectioning  of serous/tubal-type epithelium 

may mimic epithelial proliferation (Fig.  8.4c ).  
 –    Prominent pseudostratifi cation  of nuclei may mimic 

epithelial proliferation/atypia (see Fig.  8.2c ).  
 –    Serous cystadenofi broma with focal epithelial prolif-

eration  (<10 % of epithelial lining shows atypical pro-
liferation) [ 4 ,  5 ] (Fig.  8.5 ).
•     Does not meet criteria for SBT/APST, has been 

shown to have a benign clinical course, and does not 
require staging surgery.  

•   Additional frozen section sampling should be pur-
sued to rule out SBT/APST.  

•   Surgeon may be advised that additional sampling 
for permanent sections could increase the percent-
age of atypical proliferation, especially in large 
tumors.     

 –   SBT/APST
•    Papillary projections of the cyst lining in serous 

cystadenofi broma are typically fi rm and coarse, 
scattered, and few in number—in contrast to the 
large number of soft, friable papillary intraluminal 
growth in SBT/APST.           

a b

  Fig. 8.3    Serous cystadenofi broma. The ovarian surface is often lobulated and may show coarse papillary projections ( a ). The cyst lining may also 
show coarse, fi rm papillary protrusions into the lumen ( b )       
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a b

c

  Fig. 8.4    Serous cystadenofi broma. Note the broad, fi brous papillae lined by a single layer of serous (tubal-type) epithelium ( a ,  b ). Tangential 
sectioning may result in pseudostratifi cation mimicking epithelial proliferation ( c )       

  Fig. 8.5    Serous cystadenofi broma with focal epithelial proliferation. 
Focal papillary epithelial proliferation is seen on low magnifi cation in 
the left lower portion of this serous cystadenofi broma, comprising less 
than 10 % of the entire epithelial lining       
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    Serous Borderline Tumor (SBT)/Atypical 
Proliferative Serous Tumor (APST) 

•     Clinical features
 –    Mean patient age is 42 years [ 6 ].  
 –   Up to 55 % bilateral [ 7 ].     

•   Gross pathology
 –    Typically cystic.  
 –   Can have a wide size range, although usually >5 cm 

[ 6 ].  
 –   Abundant friable papillary projections on the cyst lin-

ing (Fig.  8.6a ).
 –      Papillary projections may also be present on the ovar-

ian surface.  
 –   Less commonly the entire tumor presents as a 

“caulifl ower- like” surface mass without a cystic com-
ponent (Fig.  8.6b ).  

 –   Inking of ovarian surface (at least in the area where 
frozen sections are submitted from) is helpful in deter-
mining surface involvement.  

 –   Gross sampling should be focused on intracystic and 
surface papillary and solid areas, with multiple blocks 
if necessary.     

•   Microscopic features
 –    Hierarchical branching papillae (Fig.  8.7a ).
 –      Epithelial proliferation in the form of stratifi cation 

(multiple cell layers, rather than multiple layers of 
nuclei as seen in “pseudostratifi cation” of benign 
tumors), budding, and tufting in at least 10 % of tumor 
(Fig.  8.7b, c ).  

 –   Micropapillary or cribriform architectural pattern may 
be seen focally (<5 mm) [ 6 ].  

 –   Mild to moderate nuclear atypia with oval to round 
nuclei (Fig.  8.7d ).  

 –   Nucleoli are usually inconspicuous, but occasionally 
may be prominent.  

 –   Low mitotic activity.  
 –   Ciliated, hobnail, and round eosinophilic cells are 

often present (Fig.  8.7e ).  
 –   Psammomatous calcifi cations within the epithelium or 

stroma (see Fig.  8.7d )
•    Psammomatous calcifi cations are nonspecifi c; may 

also be seen in benign serous tumors, as well as 
low-grade and high-grade carcinomas     

 –   Microinvasion (<5 mm in greatest dimension) may be 
present: round eosinophilic cells (single cells or small 
clusters) in a desmoplastic stroma (Fig.  8.8 ).

•         Differential diagnosis
 –    Serous cystadenoma/cystadenofi broma  
 –   Serous cystadenoma with focal epithelial proliferation 

(<10 % of epithelial lining shows atypical prolifera-
tion) [ 4 ,  5 ]  

 –   Mucinous/seromucinous borderline tumor  
 –   SBT/APST micropapillary variant/noninvasive low- 

grade serous carcinoma  
 –   Low-grade serous carcinoma  
 –   High-grade serous carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –     Serous cystadenoma/cystadenofi broma  may mimic a 

SBT/APST due to pseudostratifi cation (multiple layers 
of nuclei, as opposed to multiple layers of cells in true 
epithelial stratifi cation of SBT/APST) or tangential 
sectioning of the epithelium. Cystadenoma/cystadeno-
fi broma lacks cytological atypia and has oval or elon-
gated nuclei, rather than the more commonly round 
nuclei of SBT/APST.  

 –    Serous cystadenoma/adenofi broma with focal atypical 
epithelial proliferation:  It may be diffi cult to estimate 
the percentage of epithelial proliferation within a cys-
tic serous tumor based on limited number of frozen 
sections. If based on both gross and microscopic 
examination—the epithelial proliferation is relatively 
focal and there is a chance that it may fall under 10 % 
after thorough sampling on permanent sections, a 
 conservative frozen section interpretation of “serous 
cystadenoma with focal epithelial proliferation” may 
be reported, especially in young patients. The surgeon 
should be advised that additional sampling might 
increase the percentage of involvement and result in an 
upgrade to SBT/APST on the fi nal diagnosis.  

 –   Defi nitive diagnosis of  microinvasion or microinvasive 
carcinoma  in SBT/APST on the frozen sections is typ-
ically not necessary for clinical management; frozen 
section diagnosis of “serous borderline tumor” or “at 
least serous borderline tumor” is appropriate. Presence 
of microinvasion does not have a signifi cant impact on 
survival [ 5 ,  8 ].  

 –   SBTs/APSTs may display more nuclear irregularity, 
pleomorphism, and prominent nucleoli, raising the dif-
ferential of low-grade serous carcinoma. Stromal inva-
sion measuring >5 mm should be classifi ed as invasive 
low-grade serous carcinoma.  

 –   The distinction between SBT/APST and  noninvasive 
(SBT/APST micropapillary variant) or invasive 
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 low- grade serous carcinoma  is typically not  crucial at 
the time of frozen section; frozen section diagnosis of 
“at least serous borderline tumor” or “serous border-
line tumor with micropapillary features” is 
appropriate.  

 –    High-grade serous carcinomas (HGSC)  may have a 
predominantly papillary architecture mimicking SBT/
APST on low magnifi cation. However on higher mag-
nifi cation HGSC shows marked nuclear pleomor-

phism, numerous mitotic fi gures and often necrosis, 
none of which are features of SBT/APST. Identifi cation 
of the more common solid or glandular patterns (with 
“slit-like” confi gurations) is also helpful in making the 
diagnosis of HGSC, and ruling out SBT/APST. HGSC 
requires complete surgical staging, in contrast to the 
optional conservative—fertility-preserving—surgery 
for SBT/APST, which typically affects a younger 
patient group.        

a b

  Fig. 8.6    Serous borderline tumor (SBT)/atypical proliferative serous 
tumor (APST). The cut surface shows a unilocular cyst with abundant, 
friable tan-pink intraluminal papillary projections ( a ). Occasionally 

SBT/APST presents as a solid surface growth with a “caulifl ower-like” 
gross appearance ( b )       

 

Serous Ovarian Tumors



172

a b

c d

e

  Fig. 8.7    Microscopic features of SBT/APST. Note the hierarchical 
branching papillae ( a ,  b ) and epithelial proliferation with tufting ( b ,  c ). 
The tumor cell nuclei are mildly atypical with occasional conspicuous 

nucleoli ( d ). Psammoma bodies are often present ( d  , right upper cor-
ner ). Hobnail cells and round, eosinophilic cells are also common ( e )       
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  Fig. 8.8    Microinvasion in SBT/APST. Note the small clusters of 
round, eosinophilic tumor cells in a desmoplastic stroma ( arrows ). 
Numerous psammoma bodies are also seen       
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    SBT/APST Micropapillary Variant/Noninvasive 
Low-Grade Serous Carcinoma 

•     Clinical and gross features
 –    Similar to SBT/APST  
 –   May be more often bilateral [ 9 ]     

•   Microscopic features
 –    Non-hierarchical branching micropapillary or cribri-

form architecture—in at least one confl uent area mea-
suring 5 mm [ 6 ] (Fig.  8.9 ).

 –      Micropapillae are at least fi ve times taller than wide 
with scant or no fi brovascular cores.
•    Micropapillae are smoothly contoured.     

 –   Round or polygonal, uniform nuclei; slightly more 
nuclear atypia and higher nuclear to cytoplasmic (N/C) 
ratio than SBT/APST.  

 –   Ciliated cells are absent.  
 –   Low mitotic activity (but may be slightly higher than 

SBT/APST).     
•   Differential diagnosis

 –    SBT/APST with extensive tufting and eosinophilic 
metaplasia  

 –   SBT/APST with focal micropapillary features (<5 mm)  
 –   Low-grade serous carcinoma, invasive  
 –   High-grade serous carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Prognostic signifi cance of  micropapillary variant of 

SBT (noninvasive low-grade serous carcinoma ) is 
 controversial, has been reported to be clinically more 
aggressive than SBT/APST in some studies [ 6 ,  10 ,  11 ].
•    May be more frequently associated with surface 

involvement and invasive implants [ 7 ,  9 – 13 ].     
 –   The distinction between SBT/APST and  SBT micro-

papillary variant (noninvasive low-grade serous carci-
noma)  may not be crucial at the time of frozen section 
depending on the patient’s age and fertility status. 
Frozen section diagnosis of “serous borderline tumor,” 
“at least serous borderline tumor” or “serous border-
line tumor with micropapillary features” may be 
communicated.
•    Fertility-sparing surgery may be performed in 

younger patients.     
 –    High-grade serous carcinoma  (HGSC) shows marked 

nuclear pleomorphism, numerous mitotic fi gures, and 
often necrosis, none of which are features of SBT/
APST. One should be very cautious when consider-
ing HGSC in the reproductive age group, as it is a 
highly aggressive tumor, requiring complete surgical 
staging.        
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a b

c

  Fig. 8.9    SBT/APST—micropapillary variant/noninvasive low-grade serous carcinoma. Note the non-hierarchical branching of long, slender 
micropapillae (at least 5 times longer than wide) ( a ,  b ) or cribriform architecture ( c )       
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    Low-Grade Serous Carcinoma (LGSC), Invasive 

•     Clinical features
 –    Rare, less than 5 % of all serous carcinomas  
 –   Occurs in younger patients than high-grade serous car-

cinoma (HGSC) [ 9 ,  14 ]  
 –   Commonly advanced stage at the time of presentation  
 –   Often bilateral     

•   Gross pathology
 –    Solid or partially cystic mass with papillary growth 

(Fig.  8.10 ).
 –      Cut surface may appear gritty, due to calcifi cations.  
 –   Necrosis is practically absent.  
 –   Inking of ovarian surface (at least in the area where 

frozen sections are submitted from) is helpful in deter-
mining surface involvement.  

 –   Gross sampling for frozen section should be focused 
on solid and papillary areas, with multiple blocks if 
necessary.     

•   Microscopic features (Fig.  8.11 )
 –     Irregular small nests, micro- or macro-papillae, or sin-

gle cells.  
 –   Destructive stromal invasion.  
 –   Relatively uniform nuclei with mild to moderate 

atypia.
•    Nuclear pleomorphism is usually slightly increased 

compared to SBT/APST.  
•   Prominent nucleoli may be seen.     

 –   Low mitotic activity (<12 mitoses/10 high-power 
fi eld).  

 –   Psammomatous calcifi cations may be abundant 
(“psammocarcinoma”).  

 –   Necrosis is practically absent.     
•   Differential diagnosis

 –    SBT/APST  
 –   SBT/APST—micropapillary variant/noninvasive low- 

grade serous carcinoma  
 –   High-grade serous carcinoma  
 –   Malignant mesothelioma (see Chap.   13    )     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The distinction between  LGSC and SBT/APST  may not 

be crucial at the time of frozen section. Requesting 
additional biopsies from any extraovarian lesions or 
implants—if detected by the surgeon—may be helpful 
in identifying destructive stromal invasion and estab-
lishing the diagnosis of LGSC.
•    Potential role of fertility-preserving surgery in this 

tumor group is not well documented.  
•   Prognosis is stage dependent; 5-year survival rates 

for advanced stage LGSC have been reported 
between 40 and 85 % [ 15 ,  16 ].     

 –   Although  high-grade serous carcinoma (HGSC)  may 
show focal or predominant papillary architecture mim-
icking LGSC, presence of other types of growth pat-
terns—solid and glandular with slit-like spaces—is a 
helpful diagnostic clue for HGSC. In addition, HGSC 
shows marked nuclear pleomorphism and numerous 
mitotic fi gures. Necrosis is also common in HGSC, 
while it is practically absent in LGSC.        
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  Fig. 8.10    Low-grade serous carcinoma showing a predominantly 
solid, tan-pink cut surface       

a b

c

  Fig. 8.11    Low-grade serous carcinoma. The tumor cells infi ltrate the stroma forming irregular nests or micropapillae with abundant psammoma 
bodies ( a ,  b ). Mild to moderate nuclear atypia with conspicuous nucleoli is seen ( c )       
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    Peritoneal Implants of SBT/APST (Noninvasive) 

•     Microscopic features
 –    Hierarchical branching papillae or detached cell 

 clusters, histologically similar to ovarian SBT/APST 
(epithelial- type noninvasive implants) (Fig.  8.12 ).

 –     Desmoplastic noninvasive implants are associated 
with signifi cant desmoplastic reaction without infi ltra-
tive growth.        

•   Differential diagnosis
 –    Endosalpingiosis  
 –   Endometriosis  
 –   Low-grade serous carcinoma (LGSC) (previously 

termed “invasive implants”) [ 6 ]  
 –   Well-differentiated papillary mesothelioma [see 

Chap.   13    ]  
 –   Malignant mesothelioma, with papillary pattern [see 

Chap.   13    ]     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –     Endosalpingiosis  consists of simple benign glands 
lined by a single layer of columnar, tubal-type epithe-
lium. No epithelial proliferation, tufting, or atypia is 
seen. Calcifi cations may be present.  

 –    Low-grade serous carcinoma (LGSC)  (previously 
termed “invasive implants”) shows destructive stromal 
invasion and generally increased nuclear atypia, com-
pared to (noninvasive) implants of SBT/APST.
•    Distinction between LGSC and noninvasive 

implants of SBT/APST may not be crucial at the 
time of frozen section—especially in the older age 

group—the differential diagnosis may be 
 communicated to the surgeon.  

•   Sampling of additional peritoneal lesions or the 
ovary for frozen section may be helpful if more 
 specifi c classifi cation is desired.     

 –    Well-differentiated papillary mesothelioma  [see also 
Chap.   13    ] is a benign entity usually presenting as a 
small (<2 cm), incidental solitary papillary lesion, 
without any nuclear atypia or mitotic activity. Clinical 
correlation with the surgeon regarding the intraopera-
tive fi ndings is important. Extensive or multifocal 
lesions should raise concern for malignant mesotheli-
oma or other entities in the differential (e.g., serous 
tumors/implants). Surgical sampling of additional 
lesions might be helpful.  

 –    Malignant mesothelioma  [see Chap.   13    ] can often 
have a  papillary pattern , but it usually coexists with 
other architectural patters (tubular and solid) that are 
not typical features of serous implants. The stroma 
may show prominent myxoid change. Presence of 
intracytoplasmic and extracellular mucoid material 
may be helpful in ruling out a serous tumor.  

 –    HGSC  shows marked nuclear pleomorphism and 
numerous mitotic fi gures, in contrast to the mild to 
moderate nuclear atypia and low mitotic activity of 
SBT/APST implants.  

 –    Psammomatous calcifi cations with no viable tumor 
cells  should be communicated to the surgeon as such. 
Additional sampling of any clinically suspicious mass 
lesions may be helpful to reveal epithelial tumor cells.        

a b

  Fig. 8.12    Peritoneal implants of SBT/APST ( a ,  b ). Noninvasive epithelial implants of SBT/APST show hierarchical branching of atypical papil-
lary epithelial proliferation without stromal invasion. Psammomatous calcifi cations are often present       
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    Lymph Node Involvement by Serous Tumors 

•     Microscopic features
 –    Epithelial cells forming papillary or glandular struc-

tures within the lymph node, histologically similar to 
the primary ovarian SBT/APST or LGSC (Fig.  8.13 ).
•     Papillary architecture with proliferation and tufting.  
•   Cytological atypia.  
•   Psammomatous calcifi cations are common.     

 –   Epithelial cells—single or in small clusters—with 
nuclear atypia and abundant eosinophilic cytoplasm.     

•   Differential diagnosis
 –    Endosalpingiosis  
 –   Endometriosis  
 –   Benign mesothelial inclusions  
 –   Metastatic carcinoma

•    HGSC  
•   Other gynecologic or non-gynecologic primaries        

•   Diagnostic pitfalls/key intraoperative consultation issues
 –     Endosalpingiosis  consists of simple benign glands 

lined by a single layer of columnar, tubal-type 
 epithelium. No epithelial proliferation, tufting, or 
atypia is seen. Calcifi cations may be present 
(Fig.  8.14 ).
•     May be located in the lymph node capsule or within 

the parenchyma     
 –   Distinction between metastatic carcinoma and 

involvement by SBT/APST or LGSC may be diffi -
cult on frozen section if the tumor focus is small; 
additional tissue samples and comparison with the 
primary (ovarian) lesion may be helpful.
•    Clinical history of previous gynecologic and non- 

gynecologic primaries and morphologic compari-
son with the patient’s previous material (if available) 
may offer important diagnostic clues           

a b

  Fig. 8.13    Lymph node involvement by SBT/APST. Note the papillary epithelial clusters of eosinophilic epithelial cells ( a ) with noticeable nuclear 
atypia ( b )       

a b

  Fig. 8.14    Endosalpingiosis in lymph nodes ( a ,  b ). Note simple, small glands lined by a single layer of columnar, tubal-type epithelium without 
epithelial proliferation, tufting, or atypia       
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    High-Grade Serous Carcinoma (HGSC) 

•     Clinical features
 –    Most common type of ovarian carcinoma  
 –   Mean patient age: late 50s to early 60s  
 –   Over 90 % of cases present at an advanced stage  
 –   Majority of cases are bilateral     

•   Gross pathology (Fig.  8.15 )
 –     Size ranges from <1 to 20 cm.  
 –   May be entirely solid or partially cystic with a solid 

component.  
 –   Ovarian surface is frequently irregular, grossly 

involved by tumor.  
 –   Cut surface often shows hemorrhage and necrosis.  
 –   May show intracystic papillary growth pattern.  
 –   Sampling of one or two blocks from the solid or papillary 

viable tumor areas is usually suffi cient for frozen section.
•    Sampling of grossly obvious foci of necrosis and 

hemorrhage should be avoided.        
•   Microscopic features (Figs.  8.16  and  8.17 )

 –      Usually an admixture of various morphologic patterns: 
solid, complex glandular with slit-like spaces, 
 cribriform, and papillary.
•    Rarely may show predominant or exclusive 

 papillary pattern.  
•   Undulating bands of epithelial cells resembling 

transitional cell carcinoma may be seen.     
 –   Stromal desmoplastic response may be present.  
 –   Marked nuclear atypia with prominent, eosinophilic 

nucleoli.  
 –   Multinucleated tumor cells and bizarre pleomorphic 

nuclei.  
 –   High mitotic activity with atypical mitotic fi gures.  
 –   Necrosis in small or large confl uent foci.  
 –   Psammomatous calcifi cations are common.  
 –   Cytoplasmic vacuolization may be present.     

•   Differential diagnosis
 –    SBT/APST  
 –   LGSC  
 –   Other Mullerian (gynecologic) carcinomas:

•    Endometrioid adenocarcinoma, clear cell carci-
noma, malignant Brenner tumor, carcinosarcoma 
(malignant mixed Mullerian tumor)     

 –   Malignant germ cell tumors (MGCT)  
 –   Metastatic tumors (gastrointestinal, breast)  
 –   Malignant mesothelioma, with papillary pattern     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Two most important issues regarding the intraopera-

tive diagnosis:
•    Recognize the tumor as a  high -grade epithelial  

malignancy.  
•    Rule out metastasis  from other—non-gynecologic

—primaries.     

 –   Rarely HGSC may show a predominant papillary 
growth pattern without obvious stromal invasion, 
mimicking SBT/APST. However, unlike SBT/APST, 
HGSC displays marked nuclear atypia and high mitotic 
activity.  

 –   While the architectural features of HGSC may mimic 
LGSC on low-power examination, higher magnifi ca-
tion shows the obvious differences in nuclear atypia 
and mitotic index.  

 –   The distinction between HGSC and other high-grade 
carcinomas of Mullerian origin (e.g., endometrioid 
and clear cell carcinoma, malignant Brenner tumor) is 
usually not critical on intraoperative sections. Frozen 
section diagnosis can be communicated to the surgeon 
as “high-grade carcinoma, consistent with Mullerian 
primary.”  

 –   HGSC arising from the fallopian tube or peritoneum is 
morphologically identical to HGSC of ovary— 
distinction between these primary sites is not critical 
for intraoperative management.  

 –   Metastatic endometrial serous carcinoma also shares 
the morphologic features of ovarian HGSC, but it is 
usually not crucial for intraoperative management to 
distinguish between the two primaries.  

 –    Mucinous tumors:  HGSC may show intracytoplas-
mic vacuoles raising the possibility of mucinous dif-
ferentiation. In addition, intraluminal necrosis can 
mimic the type of “dirty necrosis” often seen in met-
astatic colon adenocarcinomas. It is helpful to fi nd 
areas (multiple sections may be submitted if neces-
sary) with papillary and slit-like glandular architec-
ture, psammomatous calcifi cations, and bizarre, 
markedly atypical nuclei to establish the diagnosis of 
HGSC.  

 –   MGCTs typically present at a much younger age 
 (children or young adults), than HGSC.  

 –   Metastatic tumors (gastrointestinal and breast).
•    Clinical history and morphologic comparison of 

patient’s previous material (if available) are most 
helpful.  

•   Papillary and slit-like glandular architecture and 
psammomatous calcifi cations, although not entirely 
specifi c for HGSC, are less often seen in metastatic 
tumors of the ovary.     

 –   Malignant mesothelioma, with papillary pattern 
[see Chap.   13    ].
•    Malignant mesothelioma can closely mimic HGSC. 

However, it generally has more uniform tumor 
cells, with lesser degree of nuclear atypia (mild to 
moderate), and the mitotic activity is not as high as 
that of HGSC. Psammomatous calcifi cations may 
be seen in both tumors.            
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a b

  Fig. 8.15    High-grade serous carcinoma on gross examination may be a partially cystic mass lesion with intracystic papillary growth ( a ) or 
 predominantly solid with areas of necrosis and hemorrhage ( b )       

a b

c d

  Fig. 8.16    High-grade serous carcinoma. Note the variety of microscopic growth patterns: complex glandular pattern with slit-like spaces ( a ), 
papillary ( b ), undulating epithelial cell “ribbons” ( c ), and solid sheets of tumor cells ( d )       
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a b

c d

  Fig. 8.17    High-grade serous carcinoma, high magnifi cation. Marked nuclear atypia, brisk mitotic activity with atypical mitoses ( a ,  arrow ;  b ), 
desmoplastic reaction ( c ), and necrosis ( d ) are characteristic       
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    Mucinous Ovarian Tumors 

    Mucinous Cystadenoma 

•     Clinical features
 –    Most common ovarian mucinous tumor  
 –   Wide patient age range; mean 50 years [ 6 ]  
 –   Commonly presents with pelvic pain and/or mass  
 –   Typically unilateral (95 %)     

•   Gross pathology (Fig.  8.18 )
 –     Size may vary from 1 to >30 cm (mean 10 cm).  
 –   Smooth ovarian surface.  
 –   Cystic, uni- or multilocular cut surface.

•    Rarely may be entirely or partially solid— mucinous 
adenofi broma or due to associated Brenner tumor 
or mature teratoma     

 –   Cyst contents are viscous, glistening mucoid material.
•    Appearance of cyst contents may be helpful to form 

an initial impression, but only the type of epithelial 
lining is used in the fi nal histological classifi cation     

 –   Mucinous tumors often show signifi cant morphologic 
heterogeneity; therefore, multiple areas should be 
sampled for frozen section for adequate assessment.     

•   Microscopic features (Figs.  8.19 ,  8.20 , and  8.21 )
 –       Epithelial lining is simple, nonstratifi ed, most com-

monly resembling  gastric foveolar-type or intestinal-
type  epithelium with goblet cells.  

 –   Epithelium may be undulating or may form fi liform 
papillae with fi brovascular cores.  

 –   Nuclei are basally located, small, uniform without 
 signifi cant atypia.  

 –   Abundant slightly basophilic cytoplasm.  
 –   Low nuclear to cytoplasmic ratio.  
 –   Mitotic fi gures are rare or absent.  
 –   Invaginations of cyst lining into ovarian stroma are not 

uncommon and should not be mistaken for epithelial 
complexity or invasion.  

 –   “Spillage” of acellular mucin into the ovarian stroma 
may be seen (“pseudomyxoma ovarii”) and may be 
associated with histiocytic response.  

 –   Less commonly  seromucinous  (previously also termed 
endocervical-type or Mullerian-type) lining may be 
seen with variable admixture of serous and mucinous 
(endocervical- type) epithelial cells.
•    Seromucinous tumors are often associated with 

endometriosis.     
 –   Intestinal-type mucinous cystadenomas may be asso-

ciated with Brenner tumor or mature teratoma.     

•   Differential diagnosis
 –    Other benign cystic entities—serous cystadenoma, 

 follicular cyst, simple cyst, and endometriotic cyst  
 –   Mucinous cystadenoma with focal epithelial prolifera-

tion/atypia (<10 % of tumor)  
 –   Mucinous borderline tumor (MBT)/atypical prolifera-

tive mucinous tumor (APMT)
•    Epithelial proliferation and atypia is present in 

>10 % of the tumor.     
 –   Metastatic mucinous carcinomas     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Distinction between benign mucinous cystadenoma 

and other benign cysts should be made on frozen sec-
tion if possible. If the frozen section diagnosis indi-
cates a mucinous ovarian tumor (even benign mucinous 
cystadenoma), the surgeon may survey the appendix 
intraoperatively and may elect to perform appendec-
tomy to rule out the possibility of an appendiceal 
primary.  

 –   Distinction between intestinal and seromucinous sub-
types of mucinous cystadenoma is not critical on fro-
zen sections.  

 –   Tangential sectioning of epithelium or invaginations of 
cyst lining into ovarian stroma may mimic epithelial 
proliferation.  

 –    Mucinous cystadenoma with focal proliferation and 
atypia  (<10 % of epithelial lining shows proliferation 
or atypia) [ 5 ,  17 ].
•    Does not meet criteria for MBT/APMT; no staging 

surgery is necessary.  
•   Additional frozen section sampling may be 

helpful.  
•   Surgeon may be advised that additional sampling 

for permanent sections could increase the percent-
age of atypical proliferation, especially in large 
tumors.     

 –   Metastatic mucinous carcinoma.
•    Rarely metastatic mucinous tumors from appendi-

ceal, pancreatobiliary, and endocervical primaries 
can mimic benign mucinous ovarian cystadenoma 
(“maturation phenomenon”), especially on limited 
frozen section sampling  

•   Bilaterality, small size (<10 cm) and ovarian sur-
face involvement strongly favor metastasis [ 18 ,  19 ]  

•   The surgeon should be inquired about:
 –    Patient’s clinical history of prior malignancies  
 –   Any concurrent mass lesions/imaging fi ndings  
 –   Intraoperative fi ndings              
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  Fig. 8.18    Mucinous cystadenoma often appears as a uni- or multilocu-
lated cyst on gross examination       

a b

  Fig. 8.19    Mucinous cystadenoma is lined by a single layer of nonstratifi ed mucinous epithelium, resembling gastric foveolar-type ( a ) or intestinal- 
type epithelium with goblet cells ( b )       
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a b

c

  Fig. 8.20    Mucinous cystadenoma. The tumor may show invaginations 
of the cyst lining and have an adenofi bromatous appearance ( a ). Focal 
epithelial proliferation comprising less than 10 % of tumor may also be 

seen ( b ,  right lower corner ). Acellular mucin in the ovarian stroma 
(pseudomyxoma ovarii) can be associated with mucinous cystadenoma 
( c ,  lower portion of image )       

  Fig. 8.21    Seromucinous cystadenoma (Mullerian-type mucinous cyst-
adenoma). Note the admixture of serous (eosinophilic) and mucinous 
(endocervical-type) epithelial cells       
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    Mucinous Borderline Tumor (MBT)/Atypical 
Proliferative Mucinous Tumor (APMT) 

•     Clinical features
 –    Wide age range with a mean age in 40s.  
 –   Almost always unilateral ( intestinal-type  MBT/

APMT).
•     Seromucinous  MBT/APMT may be bilateral in up 

to 40 % of cases.     
 –   Almost always limited to the ovary.  
 –   Excellent prognosis, >99 % overall survival [ 6 ].     

•   Gross pathology (Fig.  8.22 )
 –     Size may be up to 50 cm, mean: 21.5 cm [ 20 ].  
 –   Smooth external surface.  
 –   Multiloculated, cystic cut surface and viscous mucoid 

cyst contents.  
 –   Solid component is uncommon and should raise 

 concern for carcinoma or mural nodule.  
 –   Inking of ovarian surface (at least in the area where 

frozen sections are submitted from) is helpful in 
 determining surface involvement.  

 –   Mucinous tumors often show signifi cant morphologic 
heterogeneity; therefore, multiple areas—up to 3–4 
tissue blocks—should be sampled to adequately assess 
the tumor on frozen section.     

•   Microscopic features (Fig.  8.23 )
 –     Most commonly  gastrointestinal-type  epithelium with 

goblet cells.  
 –   Epithelial proliferation (involving >10 % of epithelial 

lining) with stratifi cation, tufting, intraglandular  villous 
or fi liform papillary growth and fusion of papillae.  

 –   Mild to moderate nuclear atypia.
•    Increased nuclear to cytoplasmic ratio, hyperchro-

masia, and decreased cytoplasmic mucin content.     
 –   Mitotic activity is variable and may be numerous.  
 –   Acellular mucin pools within the ovarian stroma may 

be seen (“pseudomyxoma ovarii”).  
 –   Intraluminal necrotic debris may be present.  
 –   No stromal invasion.  
 –   May rarely be associated with/arising within a mature 

teratoma (dermoid cyst).  
 –    Seromucinous-type  (endocervical- or Mullerian-type) 

lining is much less common (~15 % of all MBT/
APMT) (Fig.  8.24 ).
•     Variable admixture of mucinous (endocervical-

type), serous, eosinophilic, and rarely endometrioid 
epithelial cell proliferation.  

•   Architecture resembles serous borderline/atypical 
proliferative tumor (SBT/APST)—hierarchical 
branching of complex papillae and tufting.  

•   Mild to moderate nuclear atypia.  
•   Stroma often shows neutrophilic infi ltration.  
•   Psammomatous calcifi cations may be present.  
•   May be associated with endometriosis.  
•   No goblet cells are seen.     

 –   MBT/APMT with intraepithelial carcinoma
•    Foci with marked nuclear atypia alone or in combi-

nation with architectural complexity (cribriform 
pattern or epithelial stratifi cation).  

•   No stromal invasion.     
 –   MBT/APMT with microinvasion

•    Stromal invasion of <5 mm  
•   Small tumor nests, glands, or single cells, which 

may be “fl oating” in extracellular mucin        
•   Differential diagnosis

 –    Mucinous cystadenoma  
 –   Mucinous cystadenoma with focal epithelial prolifera-

tion/atypia (<10 % of epithelial lining shows prolifera-
tion and atypia)  

 –   SBT/APST (especially for seromucinous-type MBT/
APMT)  

 –   Primary ovarian mucinous carcinoma  
 –   Metastatic mucinous carcinomas     

•   Diagnostic pitfalls/key intraoperative consultation 
issues

 –    Mucinous ovarian tumors are often heterogeneous, 
showing morphologic continuum from benign to 
 borderline to malignant areas within the same 
tumor.
•    Adequate sampling is key for intraoperative frozen 

section diagnosis of MBT/APMT.     
 –   The prognosis of MBT/APMT is excellent; fertility- 

sparing surgery may be an option for younger patients 
[ 17 ,  21 ,  22 ].  

 –   Seromucinous borderline tumor resembles SBT/APST 
especially on low magnifi cation; identifi cation of 
mucinous cells may be diffi cult due to frozen section 
artifact.
•    Distinction between the two entities has no impact 

on surgical management at the time of frozen 
section.     

 –   MBT/APMT with intraepithelial carcinoma or 
microinvasion.
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•    Prognosis and intraoperative surgical management 
implications are similar to MBT/APMT [ 17 ,  21 ,  23 ,  24 ].  

•   Defi nitive diagnosis of i ntraepithelial carcinoma or 
microinvasion  in MBT/APMT on the frozen sec-
tions is typically not necessary for intraoperative 
management; frozen section diagnosis of “muci-
nous borderline tumor” is adequate.     

 –   Primary ovarian mucinous carcinoma.
•    Confl uent (expansile) or infi ltrative growth (>5 mm) 

and complex architectural patterns—cribriform or 
serpiginous—should raise concern for mucinous 
carcinoma.  

•   Presence of necrosis alone is not a reliable histo-
logical feature to separate MBT/APMT from muci-
nous carcinoma.  

•   Distinction between MBT/APMT and ovarian muci-
nous carcinoma with expansile-type invasion may be 
diffi cult; frozen section diagnosis of “at least muci-
nous borderline tumor” can be communicated.     

 –   Metastatic mucinous carcinoma.
•    Metastatic mucinous tumors—especially from 

appendiceal, pancreatobiliary, and colorectal 
 primaries—can closely mimic intestinal-type MBT/
APMT.    

•   Bilaterality, small size (<10 cm) and ovarian sur-
face involvement strongly favor metastasis [ 18 ,  19 ].

 –    Intestinal-type MBT/APMT is almost always 
unilateral.     

•   The surgeon should be inquired about:
 –    Patient’s clinical history of prior malignancies.  
 –   Any concurrent mass lesions/imaging fi ndings.  
 –   Intraoperative fi ndings.     

•   Intraoperative surgical assessment of the appendix 
and intestines should be recommended.  

•   Additional frozen sections—from the ovarian tumor 
or from any additional lesions found intraopera-
tively—may be helpful.           

a b

  Fig. 8.22    Mucinous borderline tumor (MBT)/atypical proliferative mucinous tumor (APMT) typically shows a multiloculated cystic cut surface 
with viscous/mucinous cyst contents ( a ,  b )       
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a b

c d

  Fig. 8.23    MBT/APMT. Note the proliferation of intestinal-type epi-
thelium in the form of complex branching glandular structures and 
intraglandular fi liform papillae ( a ,  b ). Fusion of papillae and intralumi-

nal necrotic debris are characteristic ( c ). Mild to moderate nuclear 
atypia with increased nuclear to cytoplasmic ratio is apparent ( d )       

a b

  Fig. 8.24    Seromucinous (Mullerian-type) borderline tumor/atypical proliferative seromucinous tumor. Note the hierarchical branching papillae 
and tufting, resembling SBT/APST ( a ) and admixture of serous, eosinophilic, and mucinous cells with mild cytological atypia ( b )       
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    Mucinous Carcinoma 

•     Clinical features
 –    Rare histological subtype, only 2–4 % of ovarian 

carcinomas.  
 –   Mean patient age at presentation is 45 years.  
 –   Most often presents with abdominal mass/pain.  
 –   Usually confi ned to the ovary at the time of 

presentation.  
 –   Most often unilateral.     

•   Gross pathology (Fig.  8.25 )
 –     Large unilateral mass, typically >10 cm (mean: 

18–22 cm).  
 –   Complex, multicystic cut surface with solid areas.  
 –   Necrosis and hemorrhage may be present.  
 –   Inking of ovarian surface (in the area where frozen 

 sections are submitted from) is helpful in determining 
surface involvement.  

 –   Sampling should focus on solid areas and areas near 
identifi able necrotic tumor.  

 –   Multiple tissue blocks may be necessary for adequate 
frozen section assessment due to morphologic 
heterogeneity.     

•   Microscopic features (Fig.  8.26 )
 –     Two patterns of invasion (>5 mm in size):

•    Confl uent or expansile type with labyrinthine, 
crowded glandular growth, and lack of intervening 
stroma.  

•   Destructive invasion is less common, showing 
irregular, atypical glands, nests, and single cells 
infi ltrating the stroma.

 –    Desmoplastic stromal reaction may also be 
seen.     

•   The two invasion patterns may coexist within the 
same tumor.     

 –   Moderate to marked nuclear atypia with increased 
nuclear to cytoplasmic ratio.  

 –   Most commonly intestinal type with abundant goblet 
cells.  

 –   Abundant intraluminal necrotic debris is often 
present.  

 –   Mitotic activity is usually high.  
 –   Tumor heterogeneity may be signifi cant with areas 

resembling MBT/APMT or mucinous cystadenoma.  
 –   May rarely be associated with/arising within a mature 

teratoma (dermoid cyst).     
•   Differential diagnosis

 –    MBT/APMT  

 –   Other primary ovarian carcinomas
•    Endometrioid adenocarcinoma  
•   High-grade serous carcinoma     

 –   Metastatic adenocarcinomas
•    Especially gastrointestinal (appendiceal, colorectal, 

and pancreatobiliary)        
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Most important decision at the time of intraoperative 
frozen section is to rule out a metastatic mucinous 
adenocarcinoma.
•    Surgical staging is performed for ovarian primary, 

but not for metastatic carcinomas.     
 –   Tumor heterogeneity

•    Adequate sampling is key for intraoperative frozen 
section diagnosis of mucinous ovarian tumors.  

•   Benign- or borderline-appearing foci may be pres-
ent within the same tumor.     

 –   Bilaterality and small size (<10 cm) favor metastasis 
over primary ovarian mucinous carcinoma [ 18 ,  19 ] 
(Table  8.1 ).

 –      Presence of a teratomatous component favors ovarian 
primary.  

 –   If the patient has a history of another primary, morpho-
logic comparison with the patient’s prior biopsies 
should be pursued.  

 –   The surgeon should be inquired about:
•    Patient’s clinical history of prior malignancies (par-

ticularly gastrointestinal)  
•   Any concurrent mass lesions/imaging fi ndings  
•   Intraoperative fi ndings—mass lesions, pseudomyx-

oma peritonei, appearance of the other ovary, and 
the possibility of bilaterality (if only one ovary was 
sent for frozen section)     

 –   Intraoperative surgical assessment of the appendix and 
intestines should be recommended.  

 –   Distinction from other primary ovarian carcinomas:
•    Endometrioid adenocarcinoma

 –    Squamous differentiation within the tumor is a 
characteristic feature of endometrioid histology, 
not seen in primary or metastatic mucinous 
carcinomas.     

•   High-grade serous carcinoma (HGSC)
 –    Papillary and slit-like glandular architecture, 

psammomatous calcifi cations, and bizarre, mark-
edly atypical nuclei are characteristic of HGSC 
and not typically seen in mucinous carcinoma.  

 –   Rarely intracytoplasmic vacuoles and intralumi-
nal necrosis may be seen in HGSC.              
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  Fig. 8.25    Primary mucinous ovarian carcinoma. The tumor forms a 
large mass with a solid and cystic cut surface and extensive necrosis       

a b

c

  Fig. 8.26    Mucinous carcinoma. The most common microscopic pattern 
is expansile invasion with confl uent glandular growth ( a ). Infi ltrative 
growth with stromal desmoplastic reaction is less frequent ( b ). High 

 magnifi cation shows moderate to marked nuclear atypia with decreased 
amount of mucin-containing cytoplasm and scattered goblet cells ( c ). 
Also note the confl uent glandular growth and intraluminal necrotic debris       

   Table 8.1    Differential diagnosis of mucinous carcinoma of the ovary   

 Primary  Metastatic 

 Bilaterality  Rare  Common 

 Size >10 cm  Common  Uncommon 

 Surface involvement  Rare  Common 

 Growth pattern  Most often 
expansile; less 
commonly 
destructive invasion 

 Common destructive 
stromal invasion 
with desmoplasia 

 Lymphovascular 
invasion 

 Rare  Common 

 Ovarian hilus 
involvement 

 Rare  Common 

 Signet-ring cells  Rare (may be seen 
in teratoma-
associated tumors) 

 May be present 

 Single cell 
infi ltration 

 Rare  May be present 

 Pseudomyxoma 
peritonei 

 Rare (may be seen 
in teratoma-
associated tumors) 

 May be present 

 Tumor morphologic 
heterogeneity 

 May be present  Common 
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    Mucinous Ovarian Tumors with Mural Nodules 

•     Mural nodules may rarely be associated with benign, 
 borderline/atypical proliferative, or malignant mucinous 
ovarian tumors
 –    Reactive sarcomalike mural nodule

•    Heterogeneous cell population with multinucle-
ated, “epulis-like” giant cells, spindle cells, and 
pleomorphic cells.  

•   Hemorrhage, necrosis, and infl ammation are 
common.  

•   Typically occurs in younger patients and does not 
alter the prognosis of the associated mucinous 
tumor [ 25 ].  

•   Does not warrant additional surgery if seen on 
intraoperative frozen section.     

 –   Malignant mural nodules (Fig.  8.27 )
•     Anaplastic carcinoma or sarcoma

 –    Usually seen in older patients and indicates poor 
 prognosis [ 26 ]  

 –   Large polygonal and spindle cells (anaplastic 
 carcinoma) or spindle cells with a herringbone 
pattern (sarcoma)  

 –   Precise classifi cation or designation as a mural 
nodule is not critical on frozen section: may be 
signed out as “high-grade carcinoma/sarcoma 
associated with mucinous ovarian tumor” or 
“carcinosarcoma” if associated with mucinous 
carcinoma, and the fi nal classifi cation can be 
deferred for permanent sections               

  Fig. 8.27    Ovarian mucinous carcinoma with a malignant (sarcoma-
tous) mural nodule. The mucinous carcinoma component is present in 
the left lower corner, with a sharp transition into the adjacent sarcoma 
on the right side of the image       
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    Endometrioid Tumors 

    Endometrioid Adenofi broma 

•     Clinical features
 –    Less common than serous adenofi broma.  
 –   Patients are usually peri- or postmenopausal.  
 –   Often associated with endometriosis in the same ovary 

or at other pelvic sites.     
•   Gross pathology

 –    Most often unilateral.  
 –   Cut surface is typically solid; cystically dilated glands 

may be grossly visible.     
•   Microscopic features (Fig.  8.28 )

 –     Tubular or cystically dilated glands embedded in a 
 prominent, fi brous stroma.
•    Stroma may be hypercellular.     

 –   Glands are lined by pseudostratifi ed proliferative-type 
endometrial epithelium.  

 –   No signifi cant glandular crowding, architectural 
 complexity, or cytological atypia.  

 –   Squamous morules may be seen.
•    Reactive stroma around squamous morules may 

mimic desmoplastic reaction.        
•   Differential diagnosis

 –    Other benign ovarian tumors or conditions
•    Serous adenofi broma  
•   Endometriosis     

 –   Endometrioid borderline tumor (atypical proliferative 
endometrioid tumor)     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Distinction from other benign entities (e.g., serous 

adenofi broma or endometriosis) is not crucial at the 
time of frozen section.  

 –   If the microscopic features are concerning but not 
defi nitive for a borderline/atypical proliferative 
 endometrioid tumor, a conservative approach is 
 recommended to avoid unnecessary staging surgery.  

 –   Endometrioid borderline tumors have an excellent 
prognosis [ 27 ].        

a b

c

  Fig. 8.28    Endometrioid adenofi broma. The histological features 
include endometrioid-type glands scattered in a prominent, fi brous 
ovarian stroma ( a) . There is no glandular crowding or architectural 

complexity and the pseudostratifi ed endometrial epithelium lacks 
 signifi cant atypia ( b ). Squamous morule formation may be seen ( c )       
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    Endometrioid Borderline Tumor (EBT)/Atypical 
Proliferative Endometrioid Tumor (APET) 

•     Clinical features
 –    Patients are usually peri- or postmenopausal.     

•   Gross pathology
 –    Most often unilateral [ 28 ]  
 –   Predominantly solid cut surface, but may be focally 

cystic, or show a “spongelike” appearance (Fig.  8.29 )
•         Microscopic features (Fig.  8.30 )

 –     Glandular crowding and complex glandular architec-
ture without confl uent glandular growth pattern.  

 –   Glandular epithelium is pseudostratifi ed, resembling 
proliferative- type endometrium.  

 –   Squamous metaplasia (squamous morules) is 
 commonly seen.  

 –   Growth pattern may be adenofi bromatous or intracystic.  
 –   Mild to moderate nuclear atypia.  
 –   Absence of stromal invasion.  
 –    EBT/APET with intraepithelial carcinoma 

•    Severe cytological atypia, but no stromal invasion     
 –    EBT/APET with microinvasion 

•    Confl uent glandular growth or unequivocal stromal 
invasion of <5 mm in size (Fig.  8.31 )

•            Differential diagnosis
 –    Endometrioid adenofi broma  
 –   Atypical endometriosis/endometriosis with cytologi-

cal atypia or atypical hyperplasia (see Chap.   11    )  
 –   Endometrioid adenocarcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Endometriosis may be associated with cytological 

atypia or atypical hyperplasia (especially polypoid 
endometriosis). Both types of “atypical endometrio-

sis” are managed conservatively and are distinct from 
EBT/APET. However, they may be associated with 
more severe lesions—endometrioid or clear cell carci-
noma—therefore, adequate sampling is of key 
importance.  

 –   The prognosis of EBT/APET is excellent [ 27 ,  28 ]; 
fertility-sparing surgery may be an option for younger 
patients.
•    Standard surgical management of EBT/APET is 

complete surgical staging.     
 –   Presence of  intraepithelial carcinoma  or  microinva-

sion  typically does not alter the surgical management; 
frozen section diagnosis of “endometrioid borderline 
tumor cannot rule out intraepithelial carcinoma/micro-
invasion” is appropriate.
•    Additional sampling on frozen section may be 

 helpful in revealing a larger focus of unequivocal 
invasion.     

 –    Squamous morular metaplasia  is commonly seen in 
both benign and borderline endometrioid tumors and 
should not be mistaken for solid growth pattern of an 
endometrioid adenocarcinoma.
•    Squamous morules in the center of irregular, 

branching glands of EBT/APET may result in a 
cribriform pattern, mimicking endometrioid 
adenocarcinoma.     

 –   Endometrioid adenocarcinoma.
•    Characterized by confl uent glandular proliferation 

or destructive stromal invasion exceeding 5 mm in 
size  

•   May arise in the background of EBT/APET or 
endometriosis—adequate sampling on frozen 
 sections is crucial           

  Fig. 8.29    Endometrioid borderline tumor (EBT)/atypical proliferative 
endometrioid tumor (APET) with a multicystic, “spongelike” cut 
surface       
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a b

c

  Fig. 8.30    EBT/APET on low magnifi cation. The tumor shows 
crowded, complex glandular structures without confl uent growth or 
stromal invasion ( a ). The glandular epithelium demonstrates mild to 

moderate nuclear atypia with some loss of polarity ( b ). Squamous 
metaplasia is common ( c )       

a b

  Fig. 8.31    EBT/PET with microinvasion. Note the small infi ltrative component forming tubular or “sertoliform” structures ( a ) and desmoplastic 
stromal reaction around the invasive glands ( b ) on the right sides of the images       
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    Endometrioid Adenocarcinoma 

•     Clinical features
 –    Most commonly occurs during the 5th and 6th decades, 

and the mean patient age is 58 years [ 29 ]  
 –   May be asymptomatic or presents as a pelvic mass     

•   Gross pathology (Fig.  8.32 )
 –     Bilateral in up to 17 % of the cases [ 6 ].  
 –   Mean tumor size is 15 cm.  
 –   Cut surface may be solid or cystic with an intraluminal 

growth.  
 –   Hemorrhage and necrosis are common.     

•   Microscopic features (Figs.  8.33 ,  8.34 ,  8.35 , and  8.36 )
 –        Two types of growth patterns:

•    Most common form is confl uent, back-to-back 
glandular proliferation (“expansile invasion”).
 –    Markedly complex glandular architecture with 

cribriform, villoglandular, or papillary patterns, 
similar to endometrial endometrioid 
carcinomas.  

 –   Loss of intervening stroma.     
•   Destructive stromal invasion is less common.

 –    Irregular glands, cell clusters, or single cells 
infi ltrating the stroma.  

 –   Stromal desmoplasia and infl ammatory response 
may be seen.        

 –   Size (of either confl uent growth or destructive stromal 
invasion) >5 mm.
•    <5 mm confl uent/invasive focus within an EBT/

APET is classifi ed as microinvasion (see above).     
 –   Signifi cant nuclear atypia.  
 –   Most tumors are well differentiated with open glandu-

lar lumens; less often show signifi cant solid 
component.  

 –   Intraluminal necrotic debris or larger areas of necrosis 
may be present.  

 –   Tumor cells usually resemble endometrial glandular 
epithelium: pseudostratifi ed, elongated nuclei and 
non- mucinous cytoplasm, although focal mucinous 
metaplasia may be seen.  

 –    Squamous differentiation  is often present (in up to half 
of the cases) and is one of the most helpful features to 
confi rm endometrioid histology.  

 –   Secretory changes are rare.
•    Cytoplasmic vacuoles, resembling early secretory 

phase endometrial epithelium.  
•   Stromal luteinization     

 –   Sertoliform pattern may rarely be seen (see Fig.  8.36 ).
•    Small tubular glands or thin cords, resembling 

Sertoli cell tubules        
•   Differential diagnosis (Table  8.2 )

 –     EBT/APET
•    EBT/APET with intraepithelial carcinoma  
•   EBT/APET with microinvasion (<5 mm)     

 –   Other primary ovarian carcinomas
•    High-grade serous carcinoma  
•   Mucinous carcinoma     

 –   Sertoli cell and Sertoli-Leydig cell tumors (see 
Chap.   10    )  

 –   Germ cell tumors
•    Yolk sac tumor with a glandular (endometrioid- 

like) growth pattern  
•   Struma ovarii  
•   Carcinoid tumor and strumal carcinoid     

 –   Metastatic tumors
•    Colorectal  
•   Breast  
•   Endocervical adenocarcinoma  
•   Endometrial endometrioid adenocarcinoma        

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    EBT/APET in young patients may not require full 

staging; hence, adequate sampling (multiple blocks 
from solid and/or any necrotic areas) is important to 
rule out endometrioid adenocarcinoma.
•    Microinvasion (<5 mm) within an EBT/APET has 

not been shown to adversely affect patient outcome.     
 –   Precise distinction between primary ovarian serous 

and endometrioid adenocarcinoma is not essential for 
intraoperative management; however, mucinous dif-
ferentiation—and the possibility of metastatic muci-
nous carcinoma—should be ruled out.  

 –   Most helpful features supporting endometrioid 
differentiation:
•    Squamous metaplasia/differentiation  
•   Adjacent foci of EBT/APET or background 

endometriosis     
 –   Features in favor of  metastatic colorectal primary  but 

may also be seen in endometrioid adenocarcinoma:
•    “Garland”-type glandular pattern  
•   Intraluminal “dirty” necrosis     

 –   Ovarian metastasis may be the fi rst clinical presenta-
tion of clinically unsuspected endocervical adenocar-
cinomas [ 30 ].
•    Most often unilateral  
•   Confl uent glandular, villoglandular, or cribriform 

growth pattern  
•   Scant cytoplasm, elongated nuclei, mitotic fi gures 

close to the apical portion of the cells (“jumping 
mitoses”)     

 –   If the morphologic features are equivocal or raise con-
cern for a metastatic tumor:
•    The surgeon should be inquired about the clinical 

history of prior malignancies and any concurrent 
mass lesions/imaging fi ndings.  

•   Morphology with the patient’s prior biopsy—if 
available—should be compared.  

•   Intraoperative surgical assessment of intestines 
should be recommended.     
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 –   Ovarian endometrioid adenocarcinomas present with 
 simultaneous endometrial endometrioid carcinoma  in 
up to 15–20 % of cases [ 31 – 33 ].
•    Characterization of the relationship between the 

endometrial and ovarian tumors (metastatic versus 
synchronous independent primaries) is not crucial 
on frozen section.     

 –    Struma ovarii  and  primary ovarian carcinoid tumor  
(insular or trabecular type).
•    Most often have a benign clinical course and do not 

require staging surgery.  
•   Have a follicular/glandular architecture that may 

resemble endometrioid adenocarcinoma.  

•   Lack signifi cant cytological atypia, necrosis, or 
stromal desmoplasia.  

•   Squamous metaplasia is absent.  
•   Identifi cation of adjacent other teratomatous 

 elements (dermoid cyst) is very helpful.     
 –   Yolk sac tumor presents at a much younger age (mean: 

16–19 years) and is most often unilateral.
•    The surgeon should be inquired about the patient’s 

serum AFP: high level is suggestive of yolk sac 
tumor.            

  Fig. 8.32    Endometrioid adenocarcinoma of the ovary typically shows 
a solid or partially cystic cut surface with necrosis and hemorrhage       
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a b

c

  Fig. 8.33    Endometrioid adenocarcinoma of the ovary. The most 
 common microscopic growth pattern is confl uent, back-to-back 
 glandular proliferation with loss of intervening stroma. Open glandular 

lumens are characteristically seen in well-differentiated tumors ( a ,  b ), 
while solid tumor nests are also present in moderately differentiated 
tumors ( c )       

a b

  Fig. 8.34    Endometrioid adenocarcinoma of the ovary with predominantly solid tumor nests and cords with an infi ltrative growth pattern and 
desmoplastic stroma ( a ). Presence of squamous differentiation confi rms endometrioid histology ( b ,  arrow )       
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a b

  Fig. 8.35    Endometrioid adenocarcinoma of the ovary may have intraluminal necrotic debris, mimicking metastatic colorectal carcinoma ( a ,  b ). 
Squamous differentiation ( a ,  arrows ;  b ) confi rms endometrioid histology       

a b

  Fig. 8.36    Sertoliform endometrioid adenocarcinoma of the ovary ( a ,  b ). The tumor cells are arranged in small tubular glands or cords in a 
 fi bromatous stroma, resembling a Sertoli cell tumor       

   Table 8.2    Differential diagnosis of ovarian endometrioid adenocarcinoma   

 Endometrioid 
adenocarcinoma 

 Metastatic colon 
adenocarcinoma  Sertoli-Leydig cell tumor  Yolk sac tumor 

 Age (years)  5th–6th decades 
(mean 58) 

 Over the 5th decade 
(median: 68) 

 Most common in young 
patients (mean: 25–30) 

 2nd–3rd decades 
(mean: 16–19) 

 Bilaterality  Up to 17 % of cases  Common, ~60 % of cases  Very rare  Rare 

 Mean tumor size  15 cm  Usually < 10–12 cm  12–14 cm  15 cm 

 Clinical symptoms   Asymptomatic or pelvic 
mass/pain 

 Symptoms associated 
with colonic primary, 
less commonly pelvic 
mass/pain 

 Hormonal 
manifestations common 
(androgenic > estrogenic) 

 Pelvic mass/pain; 
increased serum AFP 

 Squamous differentiation  Common  Absent  Absent  Absent 

 Mucinous differentiation  Uncommon (no goblet 
cells) 

 Common (with goblet 
cells) 

 Rare (gastric- or 
intestinal- type 
heterologous elements) 

 Uncommon 

 Necrosis  Common  Common  May be seen (in poorly 
differentiated tumors) 

 Common 
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    Clear Cell Tumors 

    Clear Cell Cystadenoma/Adenofi broma 

•     Clinical features
 –     Exceedingly rare tumors ; only few case reports [ 34 ,  35 ]     

•   Gross pathology
 –    Size up to 16 cm  
 –   Solid cut surface, with small cysts  
 –   Multiple blocks should be sampled for frozen section 

to rule out clear cell borderline tumor or carcinoma     
•   Microscopic features

 –    Cystic glands, lined by a single layer of cuboidal or 
fl attened cells  

 –   Clear or eosinophilic cytoplasm  
 –   No nuclear atypia or mitotic activity  
 –   May be associated with endometriosis  
 –   Background fi bromatous stroma     

•   Differential diagnosis
 –    Clear cell borderline tumor/atypical proliferative clear 

cell tumor  
 –   Clear cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Clear cell carcinomas may have foci with relatively 

mild cytological atypia, resembling a benign or 
 borderline/atypical proliferative tumor (Fig.  8.37 ).
•     If a benign clear cell tumor is suspected on frozen 

section, multiple additional blocks should be sam-
pled to rule out a clear cell borderline tumor or 
carcinoma.  

•   In equivocal cases, the diagnosis may be best 
deferred to permanent sections.     

 –   Cytoplasmic clearing is often diffi cult to appreciate on 
frozen sections; eosinophilic cytoplasm is more 
common.        

a b

c

  Fig. 8.37    Clear cell carcinoma of the ovary with adenofi bromatous 
foci resembling a benign clear cell tumor. Low magnifi cation of ovarian 
clear cell carcinoma ( a ,  left side ) shows an adjacent area mimicking 

clear cell adenofi broma ( a ,  right side ). Medium and high magnifi cation 
of the adenofi bromatous area demonstrates small glandular structures 
( b ) with deceptively bland cytological features ( c )       
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    Clear Cell Borderline Tumor/Atypical 
Proliferative Clear Cell Tumor 

•     Clinical features
 –    Very rare tumor  
 –   Less than 1 % of all borderline/atypical proliferative 

tumors of ovary     
•   Gross pathology

 –    Variable size  
 –   Solid cut surface, may be “spongy” with small cysts 

[ 34 ,  35 ].  
 –   Multiple blocks should be sampled for frozen section 

to rule out clear cell carcinoma.     
•   Microscopic features (Fig.  8.38 )

 –     Fibromatous stroma with epithelial-lined glands and 
small cysts  

 –   Clear or eosinophilic cytoplasm  
 –   Mild to moderate nuclear atypia  
 –   Low mitotic activity  
 –   Absence of stromal invasion  
 –   May be associated with endometriosis     

•   Differential diagnosis
 –    Clear cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Clear cell carcinomas may have foci with relatively 

mild cytological atypia, resembling a benign or bor-
derline/atypical proliferative tumor.  

 –   If a clear cell tumor is suspected on frozen section, 
multiple additional blocks should be sampled to rule 
out clear cell carcinoma.  

 –   Not all clear cell carcinomas show obvious stromal 
invasion.
•    Clear cell carcinomas with adenofi bromatous or 

tubular/tubulocystic pattern may be under- 
interpreted as borderline/atypical proliferative clear 
cell tumor.     

 –   Potential fertility-sparing surgery has been proposed 
for clear cell borderline tumor/atypical proliferative 
tumors in young patients based on a small case 
series [ 36 ].        

  Fig. 8.38    Clear cell borderline tumor/atypical proliferative clear cell 
tumor showing adenofi bromatous stroma with small glands, lined by 
atypical cells. Note hobnailing and mild to moderate nuclear atypia. 
The cytoplasmic clearing is often diffi cult to appreciate on frozen 
sections       
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    Clear Cell Carcinoma 

•     Clinical features
 –    Mean patient age is 50–55 years [ 37 ].

•    Generally tends to present at a younger age than 
serous carcinoma and may occur during the 3rd or 
4th decades, especially if associated with endome-
triosis [ 38 ]     

 –   May be associated with thromboembolic events and 
hypercalcemia [ 39 ,  40 ].  

 –   Strong association with endometriosis.     
•   Gross pathology (Fig.  8.39 )

 –     Most often unilateral.  
 –   Mean size is 15 cm.  
 –   Cut surface may be solid with hemorrhage and necro-

sis or predominantly cystic with intraluminal growth.     
•   Microscopic features (Fig.  8.40 )

 –     Various architectural patterns often present within the 
same tumor:
•    Tubulocystic—variably spaced tubules and larger 

cystic glands  
•   Solid—large sheets of tumor cells  
•   Papillary—small round papillae with hyalinized 

fi brovascular cores     
 –   Polygonal cells with moderate to marked nuclear 

atypia. Degree of atypia may vary signifi cantly 
between areas within the same tumor.
•    Foci with adenofi bromatous pattern and only mild 

nuclear atypia may be seen, mimicking a benign or 
borderline/atypical proliferative tumor.  

•   Tumors with a tubulocystic pattern may show fl at-
tened tumor cells with deceptively mild nuclear 
atypia.     

 –   Prominent nucleoli may be present.  
 –   Mitotic activity is relatively low (less than 10/10 HPF 

in most cases).  
 –   Cytoplasm is clear or eosinophilic; however, cytoplas-

mic clearing is not always easy to appreciate on frozen 
sections.
•    Cytoplasmic eosinophilic globules may also be 

present, resulting in a “targetoid” appearance.     
 –   Hobnail cells—with round, apical expansion of the 

cytoplasm by atypical nuclei—are often present.  
 –   Intraluminal mucinous or eosinophilic secretion may 

be seen.  
 –   Necrosis and hemorrhage are not uncommon.  
 –   Psammoma bodies may be present, but less commonly 

than in serous tumors.  
 –   Stromal desmoplastic response is not a common 

feature.  
 –   May be associated with endometriosis.     

•   Differential diagnosis
 –    Endometriosis with cytological atypia  
 –   Benign and borderline/atypical proliferative clear cell 

tumor  
 –   Serous borderline tumor/atypical proliferative serous 

tumor (SBT/APST)  
 –   Other primary ovarian carcinomas

•    High-grade serous carcinoma  
•   Mucinous carcinoma  
•   Endometrioid adenocarcinoma     

 –   Other primary ovarian tumors with clear cytoplasmic 
features
•    Yolk sac tumor  
•   Dysgerminoma     

 –   Struma ovarii  
 –   Metastatic carcinomas

•    Clear cell carcinoma from other Mullerian prima-
ries (endometrium, cervix, and lower genital tract)  

•   Breast carcinoma  
•   Signet-ring cell carcinoma  
•   Clear cell renal cell carcinoma        

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Most important role of frozen section diagnosis is to 

identify the tumor as high-grade malignancy of 
Mullerian origin.
•    Distinction between other histological subtypes of 

primary ovarian carcinomas (high-grade serous or 
endometrioid) is not critical at the time of frozen 
section.  

•   Distinction between primary ovarian and metastatic 
Mullerian (endometrium, cervix, lower genital 
tract) clear cell carcinomas may be diffi cult—fro-
zen section diagnosis of “high-grade carcinoma/
clear cell carcinoma consistent with Mullerian pri-
mary” is usually suffi cient to cover the above 
possibilities.     

 –   Atypia may be mild, especially in tubulocystic or 
 adenofi bromatous areas—slides should be 
 carefully evaluated for high-grade nuclear atypia in 
other foci.  

 –   Benign and borderline/atypical proliferative clear 
cell tumors are exceedingly rare; additional blocks 
should be submitted to rule out a clear cell 
carcinoma.  

 –   Clear cell carcinoma with predominantly papillary 
pattern may mimic SBT/APST; however, marked 
nuclear atypia is not a feature of SBT/APST  

 –   Endometriosis may show focal cytological atypia—
additional blocks may be submitted for frozen section, 
especially if there is an intracystic solid mass on gross 
examination.  
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 –   Yolk sac tumor and dysgerminoma also commonly 
have clear cytoplasmic features, however, they 
 typically occur at a younger age group (2nd and 3rd 
decades) than clear cell carcinoma (Table  8.3 )
•     Fertility-preserving surgery is an option for young 

patients with malignant germ cell tumors.  
•   Role of fertility-sparing surgery in clear cell carci-

noma is not uniformly agreed upon, although small 
case series of stage I tumors showed comparable 
outcome to patients treated with radical surgery 
[ 41 ,  42 ].     

 –   Struma ovarii may mimic the tubulocystic pattern of 
clear cell carcinoma but lacks signifi cant nuclear atypia.
•    Identifi cation of adjacent other teratomatous 

 elements (dermoid cyst) is very helpful.     

 –   Metastasis from renal clear cell carcinoma and adeno-
carcinomas with signet ring—or clear  cytoplasmic fea-
tures (breast, gastrointestinal)—may also mimic 
primary clear cell carcinoma of the ovary.
•    The morphology of the patient’s prior biopsy should 

be compared.  
•   The surgeon should be inquired about clinical his-

tory of prior malignancies, any concurrent mass 
lesions/imaging fi ndings, and intraoperative 
fi ndings.            

a b

  Fig. 8.39    Clear cell carcinoma of ovary. The tumor may have a solid cut surface with apparent necrosis ( a ) or may show a predominantly cystic 
appearance with intraluminal papillary or solid growth ( b )       

 

8 Ovarian Epithelial Tumors



203

  Fig. 8.40    Clear cell carcinoma of ovary. The tumor shows various 
architectural patterns: tubulocystic ( a ,  b ), solid ( c ), and papillary with 
characteristic small round papillae and hyalinized fi brovascular cores 
( d ,  e ). The degree of cytological atypia often ranges from mild ( f ,  g ) to 
severe ( h ,  i ), even within the same tumor. Hobnail cells ( e ,  g ) and intra-

luminal eosinophilic or basophilic secretion ( g – i ) are often seen. 
Cytoplasmic clearing may not be prominent on frozen sections, but rare 
cases may demonstrate abundant clear cytoplasm ( j ) mimicking signet- 
ring cell carcinoma           

a b

c d

e f
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   Table 8.3    Differential diagnosis of ovarian clear cell carcinoma   

 Clear cell 
carcinoma  SBT/APST  Yolk sac tumor  Dysgerminoma  Struma ovarii 

 Metastatic 
adenocarcinoma 

 Age (years)  3rd–7th decades 
(mean: 50–55) 

 Mean age: 
42 years 

 2nd–3rd decades 
(mean: 16–19) 

 2nd–3rd decades 
(mean: 22) 

 Reproductive years  Usually over 5th 
decade 

 Bilaterality  Rare  Common  Rare  10–20 %  Other ovary may 
show dermoid cyst 

 Common 

 Clinical 
symptoms 

 Pelvic mass/pain, 
thromboembolic 
events, 
hypercalcemia 

 Pelvic 
mass/pain 

 Pelvic mass/pain; 
Increased serum 
AFP 

 Pelvic mass/pain; 
increased serum 
LDH 

 Rarely 
hyperthyroidism 

 Variable, 
depending on the 
primary tumor 

 Helpful features 
in background 
ovary 

 Endometriosis  –  –  Rarely gonadal 
dysgenesis or 
gonadoblastoma 

 Other teratomatous 
elements (dermoid) 

 – 

 Architectural 
pattern 

 Variable: 
papillary, 
tubulocystic, 
solid 

 Papillary  Variable: 
reticular, solid, 
alveolar- glandular  

 Solid  Glandular, may be 
cystic 

 Variable: 
glandular or 
single cell 
infi ltration 

 Nuclear atypia  Variable; at least 
focally high 
grade 

 Mild  Moderate to 
marked with 
prominent nucleoli 

 Uniform nuclear 
enlargement with 
prominent nucleoli 

 Minimal to none  Variable, 
depending on 
primary tumor 

 Necrosis  Common  Absent  Common  Common  Absent  Common 

   SBT/APST  serous borderline tumor/atypical proliferative serous tumor  

g h

i j

Fig. 8.40 (continued)
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    Brenner Tumors 

    Benign Brenner Tumor 

•     Clinical features
 –    Most common in the 5th–7th decades but can occur at 

any age [ 43 ,  44 ].  
 –   Most often incidental; rarely presents with pelvic 

mass/pain.  
 –   Endocrine symptoms due to stromal hormone produc-

tion may rarely occur [ 45 ].     
•   Gross pathology (Fig.  8.41 )

 –     Most often less than 2 cm in size [ 44 ].  
 –   Most often unilateral [ 43 ].  
 –   Cut surface is usually solid, fi rm, tan-yellow, or white.  
 –   Cystic component may be present (most often repre-

sents an associated mucinous neoplasm) [ 46 ].     
•   Microscopic features (Fig.  8.42 )

 –     Abundant, dense fi bromatous stroma with round or 
irregularly shaped and variably sized transitional-type 
epithelial nests.
•    Tumor nests may have central lumens lined by tran-

sitional or mucinous epithelium and fi lled with 
mucinous or eosinophilic material.  

•   Squamous metaplasia may rarely be seen.     
 –   Oval nuclei with longitudinal grooves and small 

nucleoli.  
 –   No nuclear atypia or signifi cant mitotic activity.  
 –   Pale eosinophilic or clear cytoplasm.  
 –   Prominent cell membranes.  
 –   Stromal hyalinization and calcifi cation are common.  
 –   May be associated with other tumor types, most 

 commonly mucinous tumors, less often dermoid cyst, 
struma ovarii, or serous cystadenoma.     

•   Differential diagnosis
 –    Borderline/atypical proliferative Brenner tumor  
 –   Adult granulosa cell tumor     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Fibromatous stroma with irregular glands may mimic 

an infi ltrative process.
•    Lack of desmoplastic stromal response or nuclear 

atypia     
 –   Focal mucinous lumen/cyst formation may mimic a 

glandular or microfollicular pattern.
•    Typically, it is very focal; other areas of tumor show 

characteristic transitional cell nests with oval nuclei 
and nuclear grooves.     

 –   Gross appearance, nuclear grooves, and focal small 
lumen formation may raise suspicion for adult granu-
losa cell tumor.
•    Unlike adult granulosa cell tumor, Brenner tumor 

has abundant pale eosinophilic cytoplasm and well- 
defi ned cell membranes.  

•   The nuclear membrane contours are typically 
smooth in Brenner tumor, whereas adult granulosa 
cell tumors have irregular nuclear membranes in 
addition to longitudinal grooves.     

 –   Unlike borderline/atypical proliferative Brenner 
tumors, benign Brenner tumors:
•    Do not have intracystic papillary or undulating tran-

sitional epithelial proliferation  
•   Have no signifi cant nuclear atypia     

 –   Associated mucinous tumor is most often a benign 
mucinous cystadenoma, but may rarely show border-
line/atypical proliferative histology.
•    Adequate sampling of the cystic component (if 

present) is important (see  Mucinous Tumors ).           

a b

  Fig. 8.41    Benign Brenner tumor with a solid fi rm, tan-yellow cut surface ( a ). Less often the tumor may be partially cystic due to an associated 
mucinous neoplasm ( b )       
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a b

c d

  Fig. 8.42    Benign Brenner tumor. The tumor shows dense, fi bromatous 
stroma with irregularly shaped nests composed of transitional-type epi-
thelium ( a ,  b ). Stromal calcifi cations ( a ) and mucinous change with 

lumen formation are common ( c ). The nuclei are round or oval with 
longitudinal nuclear grooves, smooth nuclear membranes and small 
nucleoli. Nuclear atypia is absent ( d )       
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    Borderline Brenner Tumor/Atypical 
Proliferative Brenner Tumor 

•     Clinical features
 –    Rare tumor [ 47 – 51 ].  
 –   Mean patient age is 59 years [ 6 ].  
 –   May present with pelvic pain/mass.     

•   Gross pathology (Fig.  8.43 )
 –     Unilateral.  
 –   Larger than benign Brenner tumor (size range 

10–28 cm).  
 –   Cut surface is usually cystic with intraluminal polyp-

oid projections and variable solid component.     
•   Microscopic features (Fig.  8.44 )

 –     Intracystic component resembles low-grade papillary 
urothelial tumors or shows undulating, tortuous 
transitional- type epithelial lining.  

 –   Crowded nests of transitional-type epithelium.  
 –   Mild to moderate nuclear atypia.  
 –   Mitotic fi gures may be present.  
 –   Absence of stromal invasion.  
 –   Adjacent areas of benign Brenner tumor are often 

present.  
 –   Often shows mucinous metaplasia or may be associ-

ated with a mucinous tumor.     

•   Differential diagnosis
 –    Benign Brenner tumor  
 –   Malignant Brenner tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Rare local recurrence has been reported, but majority 

of borderline/atypical proliferative Brenner tumors 
have a benign clinical course [ 47 – 51 ].
•    Similar to other histological subtypes of borderline/

atypical proliferative tumors, staging surgery is 
typically performed.     

 –   If high-grade nuclear atypia is present without stromal 
invasion, the term  borderline/atypical proliferative 
Brenner tumor with intraepithelial carcinoma  should 
be used.  

 –   Malignant Brenner tumors are usually associated with 
benign or borderline/atypical proliferative Brenner 
tumors but show marked nuclear atypia, high mitotic 
activity, and stromal invasion
•    If stromal invasion cannot be ruled out on frozen 

section, intraoperative diagnosis of “at least border-
line/atypical proliferative Brenner tumor” can be 
communicated.           

  Fig. 8.43    Borderline Brenner tumor/atypical proliferative Brenner tumor typically shows a cystic cut surface with intraluminal tan-yellow 
 polypoid or solid growth       
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a b

c

e

d

  Fig. 8.44    Borderline Brenner tumor/atypical proliferative Brenner 
tumor. Intracystic papillary or undulating epithelial proliferation is seen 
on low magnifi cation, resembling low-grade urothelial tumors ( a ,  b ). 

Mucinous epithelial change and intraluminal mucin are often present 
( c ). Nuclear atypia is typically mild. Mitotic fi gures and stromal inva-
sion are absent ( d ,  e )       
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    Malignant Brenner Tumor 

•     Clinical features
 –    Rare tumor  
 –   Usually occurs in patients over 50 years of age  
 –   Presents with pelvic pain/mass     

•   Gross pathology
 –    Typically large, may be up to 40 cm in size.  
 –   Cut surface usually shows both solid and cystic 

components.  
 –   Necrosis may be grossly apparent.  
 –   Up to 12 % of tumors are bilateral [ 52 ].  
 –   Sampling multiple blocks for frozen section may be 

necessary to demonstrate malignant component.
•    Inadequate sampling may only show the benign or 

borderline/atypical proliferative Brenner tumor 
component.        

•   Microscopic features (Fig.  8.45 )
 –     Irregular nests of transitional-type epithelial cells, 

resembling high-grade urothelial carcinoma.  
 –   Stromal invasion

•    Irregular small nests or single cells.  
•   Desmoplastic stromal response may be seen.     

 –   Moderate to marked nuclear atypia.  
 –   Mitotic fi gures are usually easily found.  
 –   Associated or contiguous with benign or borderline/

atypical proliferative Brenner tumor.  
 –   Squamous and mucinous differentiation may be 

present.  
 –   Necrosis may be seen.     

•   Differential diagnosis
 –    Borderline/atypical proliferative Brenner tumor  

 –   Other primary ovarian carcinomas
•    High-grade serous carcinoma  
•   Endometrioid adenocarcinoma  
•   Mucinous carcinoma  
•   Squamous cell carcinoma—arising in a mature 

teratoma     
 –   Metastatic transitional cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    High-grade serous and endometrioid carcinomas may 

show transitional cell features.
•    Should not be classifi ed as malignant Brenner 

tumor without background benign or borderline/
atypical proliferative Brenner tumor component  

•   Distinction between various histological subtypes 
of primary ovarian carcinomas (malignant Brenner 
tumor, high-grade serous or endometrioid adeno-
carcinoma) is not critical at the time of frozen sec-
tion as it does not alter the intraoperative 
management.     

 –   Presence of unequivocal stromal invasion may be dif-
fi cult to identify on frozen section—intraoperative 
diagnosis of “at least borderline/atypical proliferative 
Brenner tumor” can be communicated.  

 –   Metastatic transitional cell carcinoma can be ruled out 
by identifying associated benign or borderline/atypical 
proliferative Brenner tumor components.
•    If the patient has history of a known malignancy, 

morphologic comparison should be made.  
•   The surgeon should be inquired about any concur-

rent mass lesions, imaging and intraoperative 
fi ndings.            
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a b

c

e

d

  Fig. 8.45    Malignant Brenner tumor. Note the stromal invasion by 
irregular nests of transitional epithelial cells, arising in the background 
of borderline/atypical proliferative Brenner tumor ( a ; associated bor-

derline Brenner tumor is seen in the left upper corner of image). The 
tumor cells are markedly atypical and mitotic fi gures are frequent ( b – e ). 
Squamous differentiation may be present ( d ,  e )       
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    Mixed Epithelial-Mesenchymal Tumors 

    Carcinosarcoma (Malignant Mixed Mullerian 
Tumor, MMMT) 

•     Clinical features
 –    Most often occurs during the 6th or 7th decade [ 53 ]  
 –   Presents with pelvic pain/mass  
 –   Usually advanced stage at presentation     

•   Gross pathology (Fig.  8.46 )
 –     Mean tumor size is 14 cm [ 54 ].  
 –   Solid and cystic cut surface often with necrosis and 

hemorrhage.  
 –   Up to one-third with bilateral ovarian involvement.     

•   Microscopic features (Fig.  8.47 )
 –     High-grade epithelial component—most often high-

grade serous carcinoma, but endometrioid, clear cell 
and undifferentiated carcinoma components or a mixed 
carcinomatous component may also be seen.  

 –   Mesenchymal (sarcomatous) component may be 
homologous—high-grade, nonspecifi c spindle cell 
sarcoma—or heterologous: rhabdomyosarcoma, chon-
drosarcoma, or rarely osteosarcoma or liposarcoma.  

 –   Marked nuclear atypia in both components.  
 –   High mitotic activity.  
 –   Necrosis and hemorrhage are common.     

•   Differential diagnosis
 –    High-grade primary ovarian carcinomas  
 –   Metastatic carcinomas  
 –   Metastatic carcinosarcoma from other Mullerian pri-

maries (fallopian tube, endometrium)  
 –   Immature teratoma  
 –   Sertoli-Leydig cell tumor, poorly differentiated     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Sarcomatous component may be very focal and may 

not be sampled on the frozen sections.
•    Identifi cation of a sarcomatous component and 

 distinction between primary high-grade ovarian 
carcinoma and carcinosarcoma is not critical at the 
time of frozen section, as it does not change intra-
operative management.     

 –   Identifi cation of a sarcomatous component is helpful 
in ruling out metastatic non-Mullerian carcinomas.  

 –   Distinction between primary ovarian and metastatic 
Mullerian (endometrial and fallopian tube) carcinosar-
comas is not critical on frozen section, as it does not 
change the intraoperative management.  

 –   Carcinosarcoma—especially if containing chondro-
sarcomatous elements—may mimic immature 
teratoma.
•    Immature teratoma typically occurs in a much 

younger patient population (during the fi rst 3 decades) 
and almost never seen after the menopause.  

•   Degree of nuclear atypia in carcinosarcoma is much 
more severe in both components than in the imma-
ture neuroectodermal and mesenchymal elements 
of immature teratoma.     

 –   Sertoli-Leydig cell tumors (SLCT)
•    Typically occur in young patients (<30 years of 

age).  
•   Show lesser degree of nuclear atypia.  
•   Well-differentiated areas are often present focally, 

even in poorly differentiated SLCT.  
•   May rarely contain cartilagenous heterologous 

elements.               

  Fig. 8.46    Carcinosarcoma (malignant mixed Mullerian tumor) typi-
cally forms a large mass with a solid and cystic cut surface and areas of 
necrosis and hemorrhage       

 

Mixed Epithelial-Mesenchymal Tumors



212

a

c

b

  Fig. 8.47    Carcinosarcoma (malignant mixed Mullerian tumor). The 
high-grade epithelial component may form glandular structures ( a ,  cen-
ter ) or irregular solid nests ( b ,  right side of image ). The sarcomatous 
component may be homologous or nonspecifi c spindle cell sarcoma ( a , 

surrounding the malignant glands) or heterologous chondrosarcoma ( b , 
 left side of image ) or rhabdomyosarcoma with characteristic dense 
eosinophilic cytoplasm and eccentrically located atypical nuclei ( c )       
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      Ovarian Germ Cell Tumors       

                Introduction 

 Germ cell tumors account for approximately 30 % of pri-
mary ovarian neoplasms, comprising the second most com-
mon tumor type after epithelial tumors. However, vast 
majority of them are benign and the group represents only 
2–3 % of ovarian malignancies. While the intraoperative 
diagnosis of the most common mature cystic teratoma (der-
moid cyst) is usually straightforward, frozen section evalua-
tion of malignant germ cell tumors is often challenging 
given their rarity and the clinical implications of the diagno-
sis. Most malignant germ cell tumors occur in young 
patients—children and young adults less than 30 years of 
age, hence preservation of fertility is of great importance. 
Thanks to recent advances in adjuvant chemotherapy, 
fertility- sparing surgery—intact removal of tumor, pelvic 

washings, surgical examination, and removal/biopsy of any 
suspicious areas from omentum and regional lymph nodes—
now became the standard of care for this group of tumors 
[ 1 – 4 ]. The frozen section pathologist has a crucial role in 
recognizing these neoplasms and distinguishing them from 
their mimics—most importantly the more aggressive epithe-
lial ovarian cancers—to guide appropriate surgical 
management. 

 The importance of the clinical presentation and labora-
tory fi ndings as an aid in the frozen section diagnosis cannot 
be overemphasized in ovarian pathology in general, but this 
is especially true for germ cell tumors. The patient’s age, 
hormonal manifestations (e.g., precocious puberty), and 
serum tumor markers can provide important diagnostic clues 
and signifi cantly narrow down the differential diagnosis dur-
ing intraoperative consultation.  

  9
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    Dysgerminoma 

•     Clinical features
 –    Most common malignant germ cell tumor (approxi-

mately 50 % of all malignant germ cell tumors).  
 –   Occurs most often during the 2nd and 3rd decades with 

a mean patient age of 22 years.  
 –   Rapidly growing tumor; frequently presents with 

abdominal mass and pain.  
 –   May be an incidental fi nding, e.g., during pregnancy.  
 –   Serum LDH is often elevated.  
 –   Rarely may be associated with paraneoplastic hyper-

calcemia [ 5 ].  
 –   May arise in dysgenetic gonads with gonadoblastoma.

•    Patients in this setting may have an abnormal 
(46XY or 45X/46XY) karyotype [ 6 ,  7 ].        

•   Gross pathology (Fig.  9.1 )
 –     Bilateral in 10–20 % of cases  
 –   Large, usually more than 10 cm in diameter [ 8 ]  
 –   Cut surface is solid, fl eshy, and tan-yellow

•    Small foci of necrosis, hemorrhage, and cystic 
degeneration may be seen.        

•   Microscopic features (Fig.  9.2 )
 –     Solid nests, sheets, or cords of relatively uniform 

polygonal cells.  
 –   Abundant clear or eosinophilic cytoplasm with well-

defi ned cell membranes.  
 –   Prominent nucleoli.  
 –   High mitotic activity.  
 –   Intersecting fi brous septae, infi ltrated by small 

lymphocytes.
•    Ratio between tumor cells and fi brous stroma may vary, 

in some tumors hyalinized stroma may predominate     
 –   Sarcoid-like granulomas with multinucleated giant 

cells may be seen in up to 20 % of cases.  
 –   Syncytiotrophoblastic giant cells may rarely be seen.

•    May be associated with elevated serum beta human 
chorionic gonadotropin (hCG)     

 –   Focal necrosis and hemorrhage are not uncommon.  
 –   Calcifi cations may be present.     

•   Differential diagnosis
 –    Diffuse large B-cell lymphoma  
 –   Clear cell carcinoma  
 –   Yolk sac tumor  
 –   Embryonal carcinoma  
 –   Gonadoblastoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Contralateral ovarian biopsy should be performed to 

rule out bilateral involvement by dysgerminoma or 
underlying gonadal dysgenesis and/or gonadoblastoma.
•    Bilateral oophorectomy is indicated for gonadal 

dysgenesis and gonadoblastoma.  
•   Abundant calcifi cations should raise suspicion for 

gonadoblastoma.     
 –   Fertility-preserving surgery—unilateral salpingo- 

oophorectomy with peritoneal biopsies and lymph node 
sampling—is the standard fi rst-line treatment [ 1 ,  9 ].
•    Other malignant germ cell tumors in the differ-

ential diagnosis—yolk sac tumor and embryonal 
carcinoma—have essentially the same surgical 
management.     

 –   Entities in the differential with the most signifi cant 
impact on intraoperative management:
•    Diffuse large B-cell lymphoma

 –    Primarily nonsurgical treatment.  
 –   Fresh tissue sample should be submitted for 

hematopathology—fl ow cytometry and molecu-
lar studies—workup.  

 –   Lymphoma cells are more polymorphous and 
have less cytoplasm than dysgerminoma.     

•   Epithelial malignancies (e.g., clear cell carcinoma 
and small cell carcinoma)
 –    More aggressive tumors, typically requiring more 

extensive staging—tumor debulking—surgery              

  Fig. 9.1    Dysgerminoma. Note the solid, tan-yellow, fl eshy cut surface 
with foci of hemorrhage and necrosis       
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  Fig. 9.2    Dysgerminoma, microscopic features. The tumor cells form 
solid sheets or nests, divided by fi brous septa with lymphocytic infi l-
trate ( a ,  b ). Marked stromal fi brosis and hyalinization may be seen 
( c ,  d ). The tumor cells are relatively uniform, polygonal with prominent 

nucleoli and abundant eosinophilic or clear cytoplasm ( e ). 
Granulomatous reaction with multinucleated giant cells is present in 
some cases ( f ,  g )         

a b

c d
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Fig. 9.2 (continued)
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    Yolk Sac Tumor (YST) 

•     Clinical features
 –    Accounts for approximately 20 % of malignant germ 

cell tumors  
 –   Occurs during the 2nd and 3rd decades with a mean 

patient age of 16–19 years  
 –   Rapidly growing pelvic mass  
 –   Abdominal pain, may be due to torsion  
 –   Elevated serum alfa-fetoprotein (AFP)     

•   Gross pathology (Fig.  9.3 )
 –     Nearly always unilateral [ 10 ,  11 ].  
 –   Large tumors, usually more than 10 cm in diameter [ 11 ].  
 –   Cut surface is predominantly solid and tan-yellow, with 

areas of necrosis, hemorrhage, and cyst formation.     
•   Microscopic features (Fig.  9.4 )

 –     Various different microscopic growth patterns, often 
within the same tumor:
•    Reticular pattern: most common, composed of 

microcysts and anastomosing network of irregular 
luminal structures  

•   Endodermal sinus pattern with characteristic peri-
vascular Schiller-Duval bodies, only seen in 
approximately 20 % of cases  

•   Solid pattern  
•   Alveolar-glandular pattern  
•   Other rare patterns: polyvesicular vitelline, hepa-

toid, papillary, and myxomatous     
 –   Cytoplasm may be clear or pale eosinophilic.  
 –   Eosinophilic cytoplasmic or extracellular hyaline 

globules are often present.  
 –   Intestinal differentiation may be seen with goblet cells 

and mucin production.  
 –   Moderate to marked nuclear pleomorphism with 

prominent nucleoli and frequent mitotic fi gures.  
 –   Loose, myxoid stroma is often prominent in areas with 

alveolar-glandular pattern.  
 –   Necrosis and hemorrhage are common.     

•   Differential diagnosis
 –    Primary ovarian carcinomas

•    Endometrioid adenocarcinoma  
•   Clear cell carcinoma     

 –   Other malignant germ cell tumors
•    Dysgerminoma  
•   Embryonal carcinoma  
•   Immature teratoma     

 –   Sertoli-Leydig cell tumor, especially retiform variant     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    For intraoperative surgical management, the most 

important entities in the differential are primary 
 ovarian—endometrioid and clear cell—carcinomas:
•    Typically require more extensive staging—tumor 

debulking—surgery.  
•   Endometrioid and clear cell ovarian carcinomas 

usually affect older patients, but there is some 
 overlap in patient age with YST.  

•   Both endometrioid and clear cell carcinomas are 
more uniform architecturally and may be associated 
with endometriosis.     

 –   Examination of multiple tissue blocks is useful in 
identifying the various different growth patterns, 
 characteristic of YST.  

 –   Hyaline globules are nonspecifi c and may be also seen 
in other entities in the differential, e.g., clear cell 
carcinoma.  

 –   Distinction between YST and other malignant germ 
cell tumors on frozen section is not critical for intraop-
erative management.
•    Other malignant germ cell tumors in the differential 

have essentially the same intraoperative manage-
ment: fertility-preserving surgery (unilateral 
salpingo- oophorectomy with peritoneal biopsies 
and lymph node sampling) [ 1 ].  

•   Dysgerminomas are more uniform than YST, both 
at the architectural and cytological level.           

  Fig. 9.3    Yolk sac tumor with a solid and cystic, tan-yellow cut surface       
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  Fig. 9.4    Yolk sac tumor, microscopic features. The tumor shows vari-
ous growth patterns, including reticular ( a ), alveolar-glandular ( b ), and 
solid architecture ( c ). The tumor cells have pleomorphic nuclei with 

prominent nucleoli and clear or pale eosinophilic cytoplasm containing 
hyaline globules ( d ,  e )       
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    Choriocarcinoma (Non-gestational) 

•     Clinical features
 –    Rare tumor, less than 1 % of malignant germ cell tumors  
 –   Usually occurs in children and young adults

•    Rare case reports in postmenopausal patients [ 12 ,  13 ]     
 –   Symptoms may include:

•    Abdominal mass/pain, rarely hemoperitoneum  
•   Isosexual pseudoprecocity  
•   Vaginal bleeding     

 –   Elevated serum beta-hCG with positive pregnancy test  
 –   May mimic ectopic pregnancy clinically     

•   Gross pathology
 –    Typically unilateral  
 –   Large tumor with solid and cystic cut surface, often 

with hemorrhage and necrosis     
•   Microscopic features

 –    Bi- or triphasic appearance with sheets of mononuclear 
cytotrophoblast, intermediate-type trophoblast, and 
multinucleated syncytiotrophoblast.  

 –   Marked nuclear pleomorphism and frequent mitotic 
fi gures.  

 –   May be mixed with other malignant germ cell tumor 
components.  

 –   Necrosis and hemorrhage are often present.     
•   Differential diagnosis

 –    Gestational choriocarcinoma  
 –   Other malignant germ cell tumors (e.g., dysgermi-

noma, embryonal carcinoma, YST) with isolated syn-
cytiotrophoblastic giant cells  

 –   Poorly differentiated ovarian carcinomas (somatic, 
non-germ cell origin) with trophoblastic differentiation     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Distinction between choriocarcinoma and other malig-

nant germ cell tumors on frozen section is not critical 
for intraoperative management.  

 –   Ovarian carcinomas of somatic origin with trophoblas-
tic differentiation typically present in older patients, 
often postmenopausal, in contrast to choriocarcinoma.
•    Unlike choriocarcinoma, somatic (non-germ cell) 

ovarian carcinomas require aggressive surgery.  
•   In postmenopausal patients—if the histological fea-

tures are equivocal—additional tissue blocks may be 
sampled to help identifying the morphologically more 
typical somatic carcinoma component (e.g., poorly 
differentiated endometrioid adenocarcinoma), and a 
frozen section diagnosis of “carcinoma with probable 
trophoblastic differentiation” can be communicated.     

 –   Non-gestational (germ cell origin) and gestational 
choriocarcinomas are morphologically identical.
•    Gestational origin can be ruled out in preadolescent 

patients.  

•   Distinction between the two pathogenetic enti-
ties is typically not crucial for intraoperative 
management.           

    Embryonal Carcinoma 

•     Clinical features
 –    Very rare tumor  
 –   Occurs in young patients (<30 years of age), with a 

mean age of 15 years [ 14 ]  
 –   Clinical presentation may include:

•    Abdominal mass/pain  
•   Isosexual pseudoprecocity  
•   Vaginal bleeding  
•   Elevated serum AFP and beta-hCG (positive 

 pregnancy test)        
•   Gross pathology

 –    Unilateral.  
 –   Mean tumor size is 15 cm.  
 –   Cut surface is solid tan-grey, often with foci of 

 hemorrhage and necrosis.     
•   Microscopic features

 –    Sheets of large, polygonal cells.  
 –   Pleomorphic, hyperchromatic nuclei with prominent 

nucleoli.  
 –   High mitotic activity and numerous apoptotic bodies.  
 –   Abundant, amphophilic cytoplasm.  
 –   Syncytiotrophoblastic giant cells are often present.  
 –   Necrosis and hemorrhage are common.  
 –   May be mixed with other malignant germ cell tumor 

components.     
•   Differential diagnosis

 –    Other malignant germ cell tumors (e.g., dysgermi-
noma, choriocarcinoma, and YST)  

 –   Poorly differentiated ovarian carcinomas (somatic, 
non-germ cell origin)     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Distinction between embryonal carcinoma and other 

malignant germ cell tumors on frozen section is not 
critical for intraoperative management.
•    The tumor cells in dysgerminoma are more uni-

form, and characteristic fi brovascular septae with 
lymphocytic infi ltrate are present.  

•   YST typically shows various growth patterns, com-
pared to the relatively homogeneous morphology of 
embryonal carcinoma.     

 –   Poorly differentiated ovarian carcinomas of somatic 
(non-germ cell) origin typically present in older 
patients—often postmenopausal—in contrast to 
embryonal carcinoma and require extensive staging 
surgery.        

Embryonal Carcinoma
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    Mixed Germ Cell Tumor 

•     Occurs in children and young adults.  
•   Admixture of two or more types of malignant germ cell 

tumors.
 –    Most common combination is dysgerminoma and yolk 

sac tumor, but any combination of tumor types may occur.     
•   Precise identifi cation of different histological compo-

nents of a mixed germ cell tumor is most important for 
adjuvant therapy and prognostication; however, it is not 
critical for intraoperative management, and a frozen sec-
tion diagnosis of “malignant germ cell tumor, favor/
probable mixed components” is usually suffi cient.     

    Teratomas 

    Mature Teratoma/Mature Cystic Teratoma/
Dermoid Cyst 

•     Clinical features
 –    Very common, accounting for up to 44 % of all ovarian 

tumors [ 15 ,  16 ] and over 95 % of ovarian teratomas  
 –   May occur at any age, but most commonly during the 

reproductive years  
 –   May be asymptomatic or presents with pelvic mass/

pain  
 –   May undergo torsion  
 –   Often an incidental fi nding—on imaging studies or 

during unrelated surgery  
 –   Rarely may be associated with autoimmune hemolytic 

anemia or encephalitis (anti-N-methyl-D-aspartate 
(NMDA) receptor encephalitis)     

•   Gross pathology (Fig.  9.5 )
 –     Bilateral in 10–15 % of cases.  
 –   Almost always cystic—usually unilocular cyst fi lled 

with sebaceous material (typically still liquid at the 
time of frozen section) and hair.
•    Solid nodule (Rokitansky protuberance) is also 

commonly present.  
•   Rare tumors may be entirely solid— mature solid 

teratoma.      
 –   Average tumor size is between 5 and 10 cm.  
 –   Approximately one-third of cases show well-formed 

teeth, usually arising from the Rokitansky protuber-
ance [ 17 ].
•    Rare cases with a fetus-like structure have also been 

described (fetiform teratoma, homunculus) [ 18 ,  19 ].     

 –   Sampling for frozen section should focus on solid 
areas, including the Rokitansky protuberance.
•    One block is usually suffi cient for frozen section, 

unless unusual gross features are noted.        
•   Microscopic features (Fig.  9.6 )

 –     Admixture of tissues from all three germ cell layers, 
 usually with ectodermal predominance.  

 –   Ectoderm:
•    Cyst lining is keratinizing squamous epithelium 

with abundant adnexal structures—sebaceous and 
eccrine glands and hair follicles.  

•   Brain/neural tissues—glial tissue, ganglia, cerebel-
lar, retinal and/or ependymal tissue, and choroid 
plexus.     

 –   Mesoderm:
•    Adipose tissue—may have associated histiocytic 

(lipogranulomatous) reaction  
•   Cartilage, bone, and smooth muscle     

 –   Endoderm:
•    Gastrointestinal and respiratory-type epithelium  
•   Salivary gland tissue  
•   Thyroid tissue     

 –   Foreign body giant cell reaction may be seen in adja-
cent ovarian tissue or within the tumor as a reaction to 
the tumor contents, i.e., keratin and hair shaft.  

 –   May rarely be associated with a mucinous neoplasm—
benign cystadenoma, borderline/atypical proliferative 
mucinous tumor, and mucinous carcinoma.     

•   Differential diagnosis
 –    Immature teratoma  
 –   Monodermal teratomas (struma ovarii, carcinoid 

tumor)  
 –   Secondary, somatic-type malignancy arising in a 

mature teratoma     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Some neural elements, especially cerebellar, retinal, or 
ependymal tissue, in a mature teratoma may mimic the 
primitive/immature neuroepithelial tissue of immature 
teratomas.  

 –   Foci of choroid plexus may mimic a papillary 
neoplasm.  

 –   In cases with paraneoplastic encephalitis (anti-NMDA 
receptor encephalitis), the surgeon may request margin 
evaluation if a partial oophorectomy/cystectomy is 
performed in a young patient.  

 –   Adequate sampling of solid areas—particularly in 
large tumors—is important to rule out an immature 
teratoma or a secondary malignancy arising in a mature 
teratoma.        
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  Fig. 9.5    Mature cystic teratoma (dermoid cyst). The cut surface typically shows a unilocular cyst fi lled with hair and sebaceous material. Solid 
areas may also be present ( a ,  right side of image ). Hemorrhagic infarction may be seen as a result of torsion ( b )       
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  Fig. 9.6    Mature cystic teratoma (dermoid cyst). The tumor shows 
admixture of tissues from all three germ cell layers: the cyst lining is 
keratinizing squamous epithelium with abundant sebaceous glands and 
other skin adnexal structures ( a ,  upper left side of image ). Mature glial 

tissue is often present ( a ,  lower right side of image ;  b ) and may contain 
calcifi cations ( b ). Respiratory-type epithelium and cartilage are also 
common ( c ). Mature cerebellar tissue with numerous small and large 
neuronal cells ( d ,  e ) may mimic immature neuroepithelial tissue       
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    Immature Teratoma 

•     Clinical features
 –    Rare tumor representing 1–3 % of all teratomas and 

approximately 20–30 % of malignant germ cell tumors 
[ 20 ,  21 ]  

 –   Occurs in children and young adults, most commonly 
during the fi rst two decades of life  

 –   Presents with pelvic mass/pain, which may be related 
to torsion  

 –   Elevated serum AFP—lower level than YST     
•   Gross pathology (Fig.  9.7 )

 –     Usually unilateral, but the contralateral ovary may 
have mature teratoma in 10–15 % of cases.  

 –   Mean tumor size is 18 cm [ 22 ].  
 –   Cut surface is solid and cystic.

•    Cystic areas often contain hair and sebaceous mate-
rial, similar to dermoid cysts.  

•   Solid areas are tan-yellow and fl eshy, usually cor-
responding to immature neural tissue.     

 –   Hemorrhage and necrosis may be grossly apparent.     
•   Microscopic features (Fig.  9.8 )

 –     Immature—embryonal-appearing—tissues of neuroepi-
thelial/neuroectodermal type, composed of small uni-
form blue cells forming primitive rosettes and tubules.
•    Numerous apoptotic bodies and frequent mitotic 

fi gures     
 –   Immature epithelial and mesenchymal elements (e.g., 

cartilage and skeletal muscle) are also common.  
 –   Mature tissues are commonly admixed with the imma-

ture elements.  
 –   Implants/metastases from immature teratoma may 

consist entirely of mature glial tissues.  

 –   Immature teratoma is also a frequent component of 
mixed germ cell tumors (see above).  

 –   Necrosis may be seen.     
•   Differential diagnosis

 –    Mature teratoma (cystic or solid)  
 –   Yolk sac tumor with hepatoid or glandular 

differentiation  
 –   Carcinosarcoma (malignant mixed Mullerian tumor)     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Some neural elements of mature teratomas, especially 

cerebellar, retinal, or ependymal tissue, may mimic the 
primitive/immature neuroepithelial tissue of immature 
teratomas.  

 –   Immature mesenchymal and endodermal elements are 
more diffi cult to distinguish from their mature forms, 
especially on frozen section.
•    Diagnosis of immature teratoma should always rely 

on identifi cation of immature neuroectodermal/
neuroepithelial tissues.     

 –   Distinction between YST and immature teratoma is 
not critical on frozen section, as their intraoperative 
surgical management is similar.  

 –   Carcinosarcomas usually present in an older age 
group—most often postmenopausal—while immature 
teratomas virtually never occur after the menopause.
•    Immature teratomas have a much greater heteroge-

neity in terms of tissue types from all three germ 
cell layers and degree of maturation.  

•   Carcinosarcomas usually have predominance of 
carcinomatous component with marked nuclear 
pleomorphism, which is not a typical feature of 
immature teratomas.           

  Fig. 9.7    Immature teratoma with a cystic and solid, tan fl eshy cut sur-
face. Note the presence of hair in the cystic areas ( arrows )       

 

Teratomas



226

a b

c d

  Fig. 9.8    Immature teratoma. The tumor characteristically contains 
immature neuroepithelium forming primitive tubules and rosettes ( a ,  b ), 
composed of small blue cells with scant cytoplasm and numerous 

mitotic fi gures and apoptotic bodies ( c ). Immature mesenchymal ele-
ments, including cartilage, are also common ( d )       
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    Monodermal Teratomas 

    Struma Ovarii 
•     Clinical features

 –    Most common type of monodermal teratoma, 
 representing approximately 3 % of ovarian 
teratomas [ 23 ].  

 –   Patients present at a wide age range, though most com-
monly during the reproductive years [ 15 ,  23 ].  

 –   May present with abdominal pain or as a mass lesion.  
 –   Ascites may be associated, but it does not indicate 

malignant behavior [ 24 ].  
 –   Hyperfunction of the thyroid tissue may occur.     

•   Gross pathology (Fig.  9.9 )
 –     Usually unilateral.  
 –   Tumor size is typically less than 10 cm.  
 –   Cut surface may show admixture of solid and cystic 

areas or may entirely be solid or cystic.  
 –   Solid areas are tan-brown or reddish-brown, glisten-

ing, similar to eutopic thyroid tissue.     
•   Microscopic features (Fig.  9.10 )

 –     Tumor is composed predominantly or entirely of thy-
roid tissue.
•    Up to 20 % of mature ovarian teratomas (dermoid 

cysts) contain thyroid tissue.     
 –   Variably sized thyroid follicles fi lled with thick eosin-

ophilic colloid.
•    Architectural pattern may be macrofollicular, 

microfollicular, tubular (“sertoliform”), or cystic.  
•   Calcium-oxalate crystals may be seen within the 

colloid.  
•   Colloid material is prone to frozen artifacts—fold-

ing and “bubbles.”     
 –   Uniform cells with round nuclei and large eosino-

philic—or rarely clear—cytoplasm.  
 –   No signifi cant nuclear atypia or mitotic activity.  
 –   May be admixed with carcinoid tumor: strumal 

carcinoid.     
•   Differential diagnosis

 –    Serous cystadenoma  
 –   Primary ovarian carcinomas—endometrioid and clear 

cell  

 –   Sertoli-Leydig cell tumor  
 –   Carcinoid tumor  
 –   Adult granulosa cell tumor  
 –   Metastatic thyroid carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Most struma ovarii are benign and removal of the 

affected ovary is suffi cient.
•    Rare cases may show aggressive behavior with 

extraovarian spread [ 25 ].
 –    A subset of them are histologically  papillary 

thyroid carcinoma— arising in struma ovarii—
with the same characteristic morphologic 
 features as papillary thyroid carcinoma of the 
thyroid gland and should be reported on the 
 frozen section as such.  

 –   Other cases may resemble follicular adenomas 
or normal thyroid tissue; however, the histologi-
cal features cannot reliably predict malignant 
behavior [ 26 ].        

 –   Follicles of struma ovarii may resemble the glandular 
proliferation of endometrioid adenocarcinoma.
•    Endometrioid adenocarcinomas often show at least 

moderate nuclear atypia, increased mitotic activity, 
and squamous metaplasia.  

•   Identifi cation of adjacent other teratomatous ele-
ments (dermoid cyst) is helpful to confi rm struma 
ovarii.     

 –   Carcinoid tumors lack colloid material and typically 
have less cytoplasm than thyroid epithelial cells.
•    Distinction between struma ovarii and carcinoid 

tumor is generally not crucial on frozen section, as 
almost all insular, trabecular, and strumal carcinoid 
tumors are clinically benign.     

 –   Metastasis from a primary thyroid carcinoma to the 
ovary is extremely rare, and the most helpful hints at 
the time of frozen section are:
•    Clinical history of known thyroid cancer

 –    Slides from the known thyroid primary should 
be reviewed and the histological features should 
be compared.     

•   Identifi cation of adjacent other teratomatous ele-
ments (dermoid cyst)           

Teratomas
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a b

  Fig. 9.9    Struma ovarii may have a solid ( a ) or predominantly cystic ( b ), tan-brown or red, glistening gross appearance       
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a b

c d

e

  Fig. 9.10    Struma ovarii. Note the characteristic micro- and macrofol-
licular pattern, composed of variably sized thyroid follicles with dense 
eosinophilic intraluminal colloid ( a – c ). The cells have uniform, round 

nuclei and abundant eosinophilic cytoplasm ( d ). Calcium-oxalate crys-
tals may be seen within the colloid ( e ,  arrows )       
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    Carcinoid Tumor 
•     Clinical features

 –    Patients’ age at presentation ranges from 14 to 79 
years with a mean age of 53 years [ 8 ].  

 –   Often an incidental fi nding.  
 –   Approximately one-third of patients have clinical 

 carcinoid syndrome [ 27 ,  28 ].     
•   Gross pathology (Fig.  9.11 )

 –     Unilateral.  
 –   Size may be from microscopic to over 20 cm [ 28 – 30 ].  
 –   Cut surface is solid, tan-yellow, or may be cystic if 

associated with a dermoid cyst or a mucinous cystic 
neoplasm.     

•   Microscopic features (Fig.  9.12 )
 –     Three histological subtypes

•    Insular:
 –    Most common type, composed of solid nests or 

small, round acini.  
 –   Uniform, small, round nuclei with fi nely stippled 

chromatin.  
 –   Mitotic activity is typically low.  
 –   Moderate amount of eosinophilic cytoplasm.  
 –   Fibrous stroma, which is often dense and 

hyalinized.     
•   Trabecular:

 –    Tumor cells form ribbons and thin trabeculae, 
separated by fi brous stroma.     

•   Mucinous (goblet cell):
 –    Tumor cells are arranged in small glands, some-

times “fl oating” in extracellular mucin.  
 –   Variable number of goblet cells.        

 –   May be associated with dermoid cyst or mucinous 
neoplasm.     

•   Differential diagnosis
 –    Metastatic carcinoid tumor  
 –   Adult granulosa cell tumor  
 –   Sertoli-Leydig cell tumor  
 –   Endometrioid adenocarcinoma  
 –   Struma ovarii  
 –   Metastatic signet-ring cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues

 –    Features in favor of metastatic carcinoid tumor include 
bilaterality, multinodular involvement of the ovary, 
extraovarian disease, and clinical history of known 
carcinoid tumor (usually in the gastrointestinal tract).
•    Comparison with the histological features of prior 

known carcinoid tumor may be helpful.     
 –   Identifi cation of associated dermoid cyst, mucinous 

tumor, or struma ovarii supports the diagnosis of pri-
mary ovarian carcinoid tumor.
•    Cystic areas should be included for frozen section 

sampling.     
 –   Acini within the solid nests of an insular carcinoid 

tumor may mimic the microfollicular pattern of adult 
granulosa cell tumor (AGCT).
•    Carcinoid tumors have round nuclei with smooth 

nuclear membranes, in contrast to the elongated or 
oval-shaped, irregular nuclei with longitudinal 
grooves in AGCT.     

 –   Endometrioid adenocarcinomas have more signifi -
cant nuclear pleomorphism, glandular growth with 
larger luminal spaces, and often squamous 
differentiation.  

 –   Mucinous (goblet cell) carcinoid may mimic meta-
static signet-ring cell carcinoma.        

  Fig. 9.11    Carcinoid tumor has a characteristic solid, yellow cut 
surface       
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a b

c

  Fig. 9.12    Carcinoid tumor with insular pattern. The tumor cells are arranged in solid nests and small acini in the background of hyalinized stroma 
( a ,  b ) and show characteristic uniform, round nuclei with fi nely stippled chromatin pattern ( c )       
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    Somatic Malignancy Arising in Mature Teratoma 
•     Clinical features

 –    Malignant transformation of mature teratoma is rare, 
occurring in 1–2 % of cases [ 15 ,  31 ,  32 ].  

 –   Most common in postmenopausal patients.  
 –   May present as a rapidly growing mass or may be an 

incidental fi nding.     
•   Gross pathology (Fig.  9.13 )

 –     Usually large, mean tumor size is 7 cm [ 32 ].  
 –   Cut surface is typically cystic and solid, with the solid 

area representing the malignant component often with 
necrosis and hemorrhage.
•    Hair and sebaceous material are often seen in the 

cystic component and are helpful in identifying the 
associated teratoma.  

•   Malignant melanoma arising in a dermoid cyst usu-
ally shows characteristic pigmentation.        

•   Microscopic features (Figs.  9.14 ,  9.15 , and  9.16 )
 –       Most common histological type is squamous cell car-

cinoma, accounting for approximately 80 % of cases 
[ 31 ,  33 ].  

 –   Less commonly mucinous adenocarcinoma, malignant 
melanoma, and rarely sarcomas (e.g., leiomyosar-
coma, chondrosarcoma) may also arise in a dermoid 
cyst [ 8 ].  

 –   Morphologic features of tumors are similar to those of 
presenting at other sites.     

•   Differential diagnosis
 –    Metastatic tumors  
 –   Primary ovarian carcinomas (not associated with a 

teratoma)
•    Endometrioid, clear cell, and mucinous carcinoma        

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Associated teratoma component and lack of other 

known primary strongly favor malignancy arising in a 
teratoma.
•    Unlike metastatic tumors, teratomas with malignant 

transformation require full surgical staging [ 34 ].     

 –   Carcinomas and melanoma arising in association with 
a teratoma may also mimic other primary ovarian 
 carcinomas, i.e., endometrioid, clear cell, and  mucinous 
carcinoma, especially if the underlying  teratoma is not 
recognized grossly and microscopically.
•    No signifi cant impact on the immediate surgical 

management, staging procedure is typically 
 performed in both scenarios.             

    Mixed Germ Cell and Sex-Cord Stromal Tumors 

    Gonadoblastoma 

•     Clinical features
 –    Very rare tumor in young patients under 30 years of 

age, almost always occurs in dysgenetic gonads.  
 –   Most patients with gonadoblastoma are phenotypic 

females but almost always have an abnormal (46XY or 
45X/46XY) karyotype [ 6 ,  7 ].     

•   Gross pathology
 –    Usually small, measuring less than 8 cm [ 35 ,  36 ]     

•   Microscopic features
 –    Admixture of germ cells and sex-cord type cells, 

resembling immature Sertoli or granulosa cells.  
 –   Small, round acini, fi lled with eosinophilic material.  
 –   Mitotic activity may be noticeable.  
 –   Calcifi cation is common.     

•   Differential diagnosis
 –    Dysgerminoma  
 –   Sex-cord tumor with annular tubules     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Pure gonadoblastoma is benign; however, it may give 

rise to dysgerminoma in approximately 50 % of cases 
[ 35 ,  36 ].
•    Bilateral oophorectomy is typically performed, due 

to associated gonadal dysgenesis and risk of 
malignancy.               
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a

c

b

  Fig. 9.13    Somatic malignancies arising in mature teratoma. Squamous 
cell carcinoma presents as an intracystic solid nodule with a tan-pink, 
gritty cut surface ( a ,  left upper corner of image ). Note the cyst con-
tents—hair and sebaceous material ( a , right lower corner of image). 

Melanoma arising in mature teratoma shows dark brown-black pigmen-
tation ( b ). Mucinous carcinoma associated with mature teratoma shows 
a solid, glistening cut surface with rare hair and sebaceous material ( c , 
 right side of image )       

a b

  Fig. 9.14    Squamous cell carcinoma arising in mature teratoma ( a ,  b ). Note the large solid nests of pleomorphic tumor cells with abundant eosino-
philic or clear cytoplasm and central necrosis       
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a b

  Fig. 9.15    Mucinous adenocarcinoma arising in mature teratoma ( a ,  b ). Note the presence of goblet cells and abundant extracellular mucin dis-
secting the ovarian stroma       

a b

  Fig. 9.16    Melanoma arising in mature teratoma. The tumor shows solid nests of epithelioid tumor cells with necrosis ( a ). The nuclei are markedly 
atypical with prominent eosinophilic nucleoli, and the cytoplasm is abundant, containing brown melanin pigment ( b )       
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      Ovarian Sex Cord-Stromal Tumors       

                Introduction 

 Sex cord-stromal tumors represent the third group of ovarian 
tumors in decreasing order of frequency, with approximately 
5–10 % of cases falling within this category. The most com-
mon entity among these tumors—ovarian fi broma—is read-
ily recognized on frozen sections by a general surgical 
pathologist; however, other sex cord-stromal tumors may 
present a signifi cant challenge due to their diverse morphol-
ogy. In addition, unlike in other tumor types, the biological 
behavior of sex cord-stromal tumors is usually not directly 
linked to their microscopic degree of pleomorphism or cyto-
logical atypia. As an example, most adult granulosa cell 
tumors have uniform nuclei and relatively low mitotic 
 activity, despite their locally aggressive behavior and 

 overall 20–30 % recurrence rate. Similarly, the nuclear 
atypia may not be obvious in juvenile granulosa cell tumors 
and in  biologically aggressive forms of Sertoli-Leydig cell 
tumors. While histological subtyping of primary ovarian 
epithelial malignancies on frozen section is typically not 
necessary and may be deferred for permanent sections, mere 
identifi cation of an ovarian tumor as sex cord-stromal in 
 origin, without recognition of the specifi c entity, is not suf-
fi cient for predicting outcome and guiding intraoperative 
management. 

 Endocrine/hormonal manifestations—estrogenic or 
 androgenic—are relatively frequent in these tumors com-
pared with other groups of ovarian neoplasms and may be 
helpful in the differential diagnosis at the time of frozen 
section.  

  10
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    Fibroma 

•     Clinical features
 –    Most common pure ovarian stromal tumor.  
 –   Most often occurs in middle-aged patients (mean 

48 years).  
 –   May be associated with ascites, or rarely both ascites 

and pleural effusion—Meigs syndrome—in approxi-
mately 1 % of cases [ 1 ,  2 ].
•    Ascites is more common in tumors >10 cm.     

 –   May occur in patients with Gorlin syndrome (nevoid 
basal cell carcinoma syndrome) [ 3 ].  

 –   May present with acute abdominal pain due to tor-
sion [ 4 ].     

•   Gross pathology (Fig.  10.1 )
 –     Mean tumor size is 6.8 cm [ 5 ].  
 –   Up to 8 % of cases are bilateral, mostly those that are 

associated with Gorlin syndrome.  
 –   Smooth ovarian surface.  
 –   Cut surface is solid, fi rm, white, or tan.  
 –   Hemorrhage and necrosis may be present, due to 

torsion.     
•   Microscopic features (Fig.  10.2 )

 –     Intersecting bundles/fascicles of spindle cells.  
 –   Storiform pattern, hyalinization, collagen bands, or 

plaques are often present.  
 –   Cellularity is variable.

•    Approximately 10 % of cases show dense cel-
lularity and are designated as  cellular fibroma  
[ 6 ,  7 ].     

 –   Edema, hemorrhage, and hemorrhagic infarction may 
be seen due to torsion.  

 –   Nuclear atypia is absent or mild.  
 –   Low mitotic activity (≤3/10 high power fi eld (HPF)).

•    Cellular tumors with mitotic activity of ≥4/10 HPF 
and no more than mild atypia have been termed 
 mitotically active cellular fi broma  [ 7 ].  

 –   No atypical mitotic fi gures.     
 –   Minor sex cord elements—granulosa cells or sertoli-

form tubules—may be present (<10 % of tumor on any 
slide) [ 8 ].     

•   Differential diagnosis
 –    Metastatic signet-ring cell tumors (Krukenberg tumor)  
 –   Adult granulosa cell tumor  
 –   Fibrosarcoma  
 –   Thecoma  
 –   Stromal hyperplasia/stromal hyperthecosis     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The most clinically relevant differential diagnoses are 

adult granulosa cell tumor and metastatic carcinomas 
with reactive ovarian stromal proliferation.  

 –   Presence of minor sex cord elements (<10 % of tumor) 
has not been reported to have clinical signifi cance in 
an otherwise typical fi broma.
•    Thorough sampling with additional blocks for fro-

zen section is recommended to rule out an adult 
granulosa cell tumor or Sertoli-Leydig cell tumor.     

 –   Adult granulosa cell tumors may show a spindle-cell, 
“sarcomatoid” morphology, mimicking a fi broma/cel-
lular fi broma.
•    Characteristic nuclear features of adult granulosa 

cell tumors—irregular nuclear membranes with 
nuclear grooves—may be diffi cult to appreciate due 
to frozen section artifact.  

•   Identifi cation of other morphologic patterns of 
adult granulosa cell tumor (i.e., insular, trabecular, 
or microfollicular) can be helpful—additional 
blocks may be sampled for frozen section.     

 –   Krukenberg tumor must be ruled out by careful micro-
scopic examination.
•    Bilaterality should raise suspicion for metastasis, 

although up to 8 % of fi bromas may be bilateral.  
•   Scattered individual metastatic tumor cells with 

signet-ring or breast lobular carcinoma morphology 
may be missed on low magnifi cation in a reactive/
hyperplastic ovarian stroma.     

 –   Ovarian fi brosarcoma shows at least moderate nuclear 
atypia and increased mitotic activity (≥4/10 HPF), 
often with atypical mitotic fi gures.  

 –   Distinction between fi broma and other benign enti-
ties—thecoma, stromal hyperplasia/stromal hyperthe-
cosis is not crucial at the time of frozen section.        
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a

c

b

  Fig. 10.1    Fibroma. The ovarian surface is smooth and glistening ( a ). The cut surface is solid, fi rm, tan white ( b ) and may also be hemorrhagic 
due to torsion ( c )       
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a b

c d

e f

  Fig. 10.2    Fibroma. Note the variable cellularity and stromal hyalinization ( a ,  b ). The spindled tumor cells are arranged in a storiform pattern ( c ) 
or form intersecting fascicles ( d ). Mitotic fi gures may be seen ( e ,  arrow ). Hemorrhagic infarction of fi broma due to torsion ( f ) is not uncommon       
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    Thecoma 

•     Clinical features
 –    Uncommon ovarian tumor.  
 –   Typically occurs in postmenopausal women.  
 –   May show symptoms associated with hormone 

 production (most often estrogenic).  
 –    Luteinized thecomas  tend to occur in younger (pre-

menopausal) patients and may produce androgens [ 9 ].     
•   Gross pathology

 –    Most often unilateral.  
 –   Average size is 5–10 cm.  
 –   Cut surface is solid, yellow, but may contain white 

areas.     
•   Microscopic features (Fig.  10.3 )

 –     Sheets composed of oval or round cells.  
 –   Moderate to abundant amount of pale eosinophilic 

cytoplasm.  
 –   Atypia is absent or minimal.  
 –   Mitoses are rare.  
 –   Hyalin plaques and focal calcifi cations may be seen.  
 –   May contain clusters of luteinized cells with pink or 

clear cytoplasm.  
 –   Areas resembling a fi broma are not uncommon; these 

tumors can be designated as  fi brothecoma.      
•   Differential diagnosis

 –    Adult granulosa cell tumor  
 –   Sertoli-Leydig cell tumor  
 –   Fibroma  
 –   Steroid cell tumor  
 –   Leydig cell tumor  
 –   Stromal-Leydig cell tumor  
 –   Stromal hyperplasia/stromal hyperthecosis     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The most clinically relevant differential diagnosis is 

adult granulosa cell tumor, which typically requires 
complete surgical staging.
•    Adult granulosa cell tumors may show luteiniza-

tion, closely resembling thecomas/luteinized 

 thecomas, and on frozen sections—without the help 
of ancillary studies—the distinction between the 
two entities may be very diffi cult.  

•   In such cases, the frozen section slide could be 
interpreted as “sex cord-stromal tumor with 
 luteinization,” and the diagnosis could be 
deferred for permanent sections to avoid 
overdiagnosis.     

 –   Luteinized cells in thecomas may raise the possibility 
of a Leydig cell or Sertoli-Leydig cell tumor. While 
distinction between a Leydig cell tumor and a lutein-
ized thecoma is not critical at the time of frozen sec-
tion, identifi cation of a Sertoli cell component is 
important, as a surgical staging procedure is typically 
performed for Sertoli-Leydig cell tumors [ 10 ]
•    Presence of intracytoplasmic Reinke crystals—

which may be better preserved on frozen sections 
than on permanent sections after formalin fi xa-
tion—confi rms Leydig cells     

 –   Distinction between fi broma and other benign enti-
ties—thecoma, stromal hyperplasia/stromal hyperthe-
cosis is not crucial at the time of frozen section.
•    Tumors with fi bromatous areas and foci of lutein-

ization or features of thecoma may be designated as 
 fi brothecoma.            

    Luteinized Thecoma with Sclerosing 
Peritonitis 

•     Rare, distinctive clinicopathologic entity  
•   Typically occurs in young women (median 27 years) and 

presents with abdominal distension due to ascites and 
occasionally bowel adhesions [ 11 ].  

•   Most often bilateral with tan to red-brown cut surface.  
•   Hypercellular with spindled tumor cells and rare round, 

luteinized cells.  
•   Edema, microcyst formation, and increased mitotic activ-

ity are not uncommon.     

Luteinized Thecoma with Sclerosing Peritonitis
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b

  Fig. 10.3    Thecoma. Note the sheets of round to oval, uniform cells with abundant eosinophilic or clear cytoplasm ( a – c ). Hyaline plaques may be 
seen ( a ,  c )       
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    Adult Granulosa Cell Tumor (AGCT) 

•     Clinical features
 –    May occur at any age, but most often in postmeno-

pausal patients—the peak incidence is between 50 and 
55 years of age [ 12 – 14 ].  

 –   May present with pelvic mass/pain.  
 –   Endocrine—most often estrogenic—manifestations 

are common and include abnormal bleeding: post-
menopausal bleeding, menorrhagia, metrorrhagia, or 
amenorrhea.
•    Concurrent endometrial hyperplasia or well- 

differentiated endometrioid endometrial adenocar-
cinoma may be seen in approximately 25 % and 
5 % of cases, respectively [ 15 ].     

 –   Progesterone and androgen production are much less 
frequent [ 16 ,  17 ].  

 –   Approximately 10 % of patients present with acute 
abdomen, due to tumor rupture, hemoperitoneum, or 
torsion [ 13 ].     

•   Gross pathology (Fig.  10.4 )
 –     Most often unilateral (>95 % of cases).  
 –   Size may vary from microscopic up to 40 cm; average 

10–12 cm [ 12 ].  
 –   Cut surface is typically solid and cystic, tan-yellow, or 

white.
•    Less often it may be entirely solid or entirely cystic 

(uni- or multilocular).     
 –   Foci of hemorrhage are common.  
 –   Consistency may be fi rm or soft, friable, depending on 

the amount of fi brous stroma.     
•   Microscopic features (Figs.  10.5 ,  10.6 , and  10.7 )

 –       Various morphologic patterns, often admixed within 
the same tumor.
•     Common patterns 

 –    Diffuse: most common pattern with nonspecifi c 
arrangement of tumor cells in large sheets  

 –   Insular: well-defi ned nests of tumor cells sur-
rounded by fi bromatous stroma  

 –   Trabecular: trabecular or cordlike arrangement     
•    Less common/uncommon patterns 

 –    Microfollicular: tumor cells surrounding small 
round spaces fi lled with eosinophilic material 
(Call- Exner bodies)—only seen in minority of 
granulosa cell tumors  

 –   Macrofollicular: larger cystic spaces lined by 
tumor cells  

 –   “Watered silk” and gyriform patterns: undulat-
ing fi les or rows of tumor cells  

 –   Pseudopapillary: central vascular core lined by 
tumor cells—may be a degenerative phenomenon  

 –   Sarcomatoid: spindled cells, resembling cellular 
fi broma        

 –   Tumor cells are relatively uniform with scant pale 
cytoplasm and round to oval nuclei.  

 –   The chromatin pattern is pale and the nuclear mem-
brane is characteristically irregular with folds resulting 
in nuclear grooves.
•    Nuclear grooves may be diffi cult to appreciate on 

frozen sections due to freezing artifact.     
 –   Luteinized AGCTs have a more abundant pink cyto-

plasm and most often lack nuclear grooves.  
 –   Mitotic activity is variable, but usually <3/10 HPF in 

most tumors.
•    Atypical mitotic fi gures are usually absent.     

 –   Rare tumors may show marked cytological atypia with 
bizarre nuclei [ 18 ].  

 –   Hemorrhage and necrosis may be seen, the latter usu-
ally secondary to torsion.     

•   Differential diagnosis (Table  10.1 )
 –     Primary ovarian carcinomas—endometrioid adenocar-

cinoma, clear cell carcinoma, and small cell 
carcinoma  

 –   Metastatic carcinomas—breast, pancreatic, and small 
cell carcinoma  

 –   Carcinoid tumor—primary or metastatic  
 –   Sex cord-stromal tumors—Sertoli-Leydig cell tumor, 

juvenile granulosa cell tumor, thecoma, and fi broma  
 –   Germ cell tumors—dysgerminoma  
 –   Lymphoma  
 –   Follicle cyst versus unilocular AGCT     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    In postmenopausal patients with AGCT, the surgical 

treatment includes total hysterectomy, bilateral 
salpingo- oophorectomy as part of the complete surgi-
cal staging [ 19 ].
•    Fertility-sparing surgery may be performed in 

younger patients with tumors confi ned to one ovary 
(without surface involvement) and includes unilat-
eral salpingo-oophorectomy, staging procedure 
(with or without lymphadenectomy), and intraop-
erative assessment of the contralateral ovary 
[ 19 ,  20 ].  

•   Ovarian surface involvement should be reported if 
identifi ed grossly or microscopically on frozen 
section, as it may preclude fertility-sparing 
surgery.     

 –   Clinically the most important distinction at the time of 
frozen section is between AGCT and its benign mimics 
among sex cord-stromal tumors and carcinomas meta-
static to the ovary, as no surgical staging would be 
required for the latter two categories of lesions.
•    Bilaterality, marked nuclear atypia and high mitotic 

activity with abnormal mitotic fi gures are not typi-
cal features of AGCT and should raise suspicion 
for carcinoma—primary or metastatic.  
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•   Clinical history of prior malignancy and morpho-
logic comparison with prior biopsies—if avail-
able—is very helpful.  

•   Carcinomas typically have more abundant 
 cytoplasm than AGCT.  

•   Characteristic nuclear features of AGCT—uniform, 
oval nuclei with irregular, folded nuclear mem-
branes and grooves—are distinct from those of 
carcinomas.     

 –   Distinction between primary ovarian carcinoma and 
AGCT is less critical on frozen section, as the surgical 
management is the same in most cases.
•    In young patients, fertility-sparing surgery may be 

performed for AGCT, but its role in epithelial 
malignancies is more controversial.     

 –   AGCT with microfollicular pattern can mimic carci-
noid tumors—primary or metastatic.
•    Carcinoid tumors characteristically have round 

nuclei with smooth nuclear membranes, stippled 
chromatin pattern in contrast to the oval nuclei and 
grooves of AGCT.     

 –   AGCT with a diffuse morphologic pattern may mimic 
a fi broma or cellular fi broma.
•    Identifi cation of other morphologic patterns of 

AGCT—insular, trabecular or microfollicular—is 
most helpful, and it may require careful micro-
scopic examination or sampling of additional tis-
sue blocks.     

 –   AGCT with luteinization can pose a signifi cant 
 diagnostic challenge on frozen section evaluation, 
closely mimicking a thecoma/fi brothecoma.
•    Luteinized AGCT usually has more abundant pink 

cytoplasm and lacks nuclear grooves.  
•   Distinct tumor nodules are more in favor of AGCT, 

while a diffuse pattern is more common in thecomas.  
•   In diffi cult cases, the frozen section slide could be 

interpreted as “sex cord-stromal tumor with 
 luteinization,” and the diagnosis could be deferred 
for permanent sections.     

 –   Distinction between adult and juvenile granulosa cell 
tumors on frozen section is typically not critical for 
intraoperative management.  

 –   Frozen section artifacts often hamper the morphologic 
interpretation:
•    Artifactual cytoplasmic clearing may raise the pos-

sibility of clear cell carcinoma or dysgerminoma.  
•   Artifactual clearing of nuclei may obscure the 

 characteristic nuclear features.     
 –   Evaluation of endometrium: If the diagnosis of AGCT 

is made on frozen section, evaluation of the endome-
trium is also recommended—at least grossly or both 
grossly and microscopically—if a hysterectomy speci-
men is available
•    If the uterus will be spared, an endometrial curet-

tage during the same procedure is recommended to 
rule out endometrial hyperplasia or carcinoma.           

a b

  Fig. 10.4    Adult granulosa cell tumor (AGCT). The cut surface of the tumor is solid, tan-yellow ( a ) or tan-pink ( b ). Hemorrhage and cystic 
changes are commonly present ( a )       
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  Fig. 10.5    Histological features of adult granulosa cell tumor (AGCT). Note the various morphologic patterns: diffuse ( a ,  b ), trabecular ( c ), insular 
( d ), microfollicular ( e ,  f ), macrofollicular ( g ), pseudopapillary ( h ), and sarcomatoid ( i ,  j ). Hemorrhage is not uncommon ( k )         
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Fig. 10.5 (continued)
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  Fig. 10.6    Cytological features of adult granulosa cell tumor (AGCT). 
The tumor cells have round to oval nuclei with irregular nuclear mem-
branes and longitudinal grooves, pale chromatin, small nucleoli, and 

scant eosinophilic cytoplasm ( a – c ). Note the vague trabecular arrange-
ment of tumor cells ( b ) in a tumor with a predominant diffuse growth 
pattern       
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  Fig. 10.7    Luteinized adult granulosa cell tumor (AGCT). Note the diffuse growth pattern ( a ,  b ) and characteristic abundant eosinophilic cyto-
plasm and round nuclei lacking grooves ( c ,  d ). Frozen section artifact may result in cytoplasmic clearing, mimicking signet-ring cells ( e )       
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   Table 10.1    Differential diagnosis of adult granulosa cell tumor (AGCT)   

 AGCT 
 Endometrioid 
adenocarcinoma  Sertoli-Leydig cell tumor 

 Carcinoid tumor 
(primary)  Dysgerminoma 

 Age (years)  Most often 
postmenopausal (mean 
50–55) 

 5th–6th decades 
(mean 58) 

 Most common in young 
patients (mean: 25–30) 

 14–79 years 
(mean 53) 

 2nd–3rd decades 
(mean: 22) 

 Bilaterality  Very rare  Up to 17 %  Very rare  Very rare (suspect 
metastasis if 
bilateral) 

 10–20 % 

 Size (mean)  10–12 cm  15 cm  12–14 cm  Variable  Most often >10 cm 

 Clinical 
symptoms 

 Pelvic mass/pain; 
hormonal 
(estrogenic > androgenic) 
manifestations 

 Asymptomatic or 
pelvic mass/pain 

 Hormonal 
manifestations common 
(androgenic > estrogenic) 

 May be incidental; 
one-third of patients 
have carcinoid 
syndrome 

 Pelvic mass/pain; 
increased serum 
LDH 

 Cytoplasmic 
features 

 Little cytoplasm, cell 
membrane not well 
defi ned, except luteinized 
AGCT 

 Moderate to 
abundant; may 
show squamous 
and mucinous 
differentiation 

 Leydig cells with abundant 
eosinophilic cytoplasm 
containing lipofuscin 
pigment and Reinke 
crystals 

 Moderate amount, 
may show mucinous 
differentiation 
(goblet cell 
carcinoid) 

 Abundant clear or 
pale eosinophilic 
cytoplasm; 
well-defi ned cell 
borders 

 Nuclear 
features 

 Most often uniform, pale 
nuclei with membrane 
folds and grooves 

 Variable nuclear 
atypia; no grooves 

 Grade dependent; nuclear 
membrane folds and 
grooves may be seen in 
Sertoli cells 

 Uniform, small, 
round nuclei with 
fi nely stippled 
chromatin 

 Uniform nuclear 
enlargement with 
prominent nucleoli 

 Necrosis  May be seen  Common  May be seen (in poorly 
differentiated tumors) 

 Absent  Common 
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    Juvenile Granulosa Cell Tumor (JGCT) 

•     Clinical features
 –    Much less common than AGCT, representing 

 approximately 5 % of granulosa cell tumors.  
 –   Usually occurs within the fi rst three decades, although 

rarely may also occur in older women [ 21 ].  
 –   May present with pelvic pain and/or estrogenic 

 endocrine manifestations: isosexual precocity and 
abnormal vaginal bleeding.  

 –   Ascites may be present.  
 –   May undergo rupture or torsion resulting in acute 

abdomen.     
•   Gross pathology (Fig.  10.8 )

 –     Usually unilateral [ 21 ].  
 –   Mean size is 12.5 cm (range 3–32 cm) [ 21 ].  
 –   Cut surface is solid and cystic but may be uniformly 

solid or cystic only.  
 –   Hemorrhagic areas may be present.     

•   Microscopic features (Figs.  10.9  and  10.10 )
 –      Solid sheets of cells with variably sized follicles and 

cystic spaces, fi lled with basophilic secretions.  
 –   Pseudopapillary pattern may occur.  
 –   Stromal fi brosis may rarely be prominent.  
 –   Tumor cells have abundant eosinophilic, amphophilic, 

or clear cytoplasm.  
 –   Round nuclei with pale chromatin pattern and absence 

of grooves.  
 –   Mild to moderate nuclear atypia.

•    Marked, focal atypia in 10–15 % of tumors     
 –   Frequent mitotic fi gures.  
 –   Necrosis and hemorrhage may be seen.     

•   Differential diagnosis
 –    Cystic follicles/follicular cyst  
 –   Adult granulosa cell tumor  
 –   Malignant germ cell tumors (e.g., dysgerminoma, yolk 

sac tumor)  
 –   Clear cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Fertility-sparing surgery with unilateral salpingo- 

oophorectomy and staging procedure may be suffi cient 
in young patients with JGCT limited to one ovary 
without surface involvement [ 19 ,  20 ].
•    Ovarian surface involvement should be reported if 

identifi ed grossly or microscopically on frozen sec-
tion, as it may preclude fertility-sparing surgery.     

 –   Most important differential diagnoses during frozen 
section are benign cysts (follicle cyst/cystic follicles).
•    Small follicle formation within the granulosa cell 

layers is a feature of cystic JCGT and is absent in 
follicle cyst.  

•   Benign lesions, e.g., follicle cysts or cystic follicles 
may be treated by cystectomy only.     

 –   JGCT may mimic dysgerminoma and other malignant 
germ cell tumors due to similar clinical characteristics 
(patient age) and morphologic overlap.
•    Clinical presentation and tumor markers may be 

helpful:
 –    Estrogenic manifestations are common in JGCT.  
 –   Patients with malignant germ cell tumors may 

have increased serum tumor markers: dysgermi-
noma—LDH, yolk sac tumor—AFP.     

•   Dysgerminoma has characteristic stromal lympho-
cytic infi ltrate, which is not a feature of JGCT.  

•   Variably sized follicles are seen in JGCT and not in 
dysgerminoma.  

•   Intraoperative management of malignant germ cell 
tumors and JGCT is usually similar.     

 –   The histological features between adult and juvenile 
granulosa cell tumors may show overlap or admixture 
of the two tumor types.  

 –   Distinction between adult and juvenile granulosa cell 
tumor on frozen section is not critical for intraopera-
tive management.
•    Frozen section diagnosis of “granulosa cell tumor, 

favor juvenile/or adult type” is suffi cient in diffi cult 
cases.           
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a b

  Fig. 10.8    Juvenile granulosa cell tumor (JGCT) with a predominantly solid ( a ) and oligolocular, cystic ( b ), gross appearance       
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  Fig. 10.9    Histological features of juvenile granulosa cell tumor 
(JGCT). The growth pattern may be solid ( a ), pseudopapillary ( b ) or 
may show cystic spaces ( c ) and follicles ( d ,  e ). Note the follicle forma-

tion within the multilayered granulosa cell cyst lining ( d ) characteristic 
of JGCT. The cystic spaces contain basophilic secretion ( e )       
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  Fig. 10.10    Cytological features of juvenile granulosa cell tumor (JGCT). The tumor cells have round, moderately to markedly atypical nuclei 
without grooves, and abundant eosinophilic, amphophilic, or clear cytoplasm ( a – d ). Mitotic fi gures are easily found ( d )       
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    Sertoli-Leydig Cell Tumor (SLCT) 

•     Clinical features
 –    Rare tumors accounting for less than 0.5 % of all 

 ovarian neoplasms.  
 –   Most common in young patients <30 years of age—

mean age is 25 years [ 22 ].
•    Less commonly, it may also occur in postmeno-

pausal patients.     
 –   Patients may present with pelvic mass/pain.  
 –   Over 50 % of patients have androgenic hormonal man-

ifestations: hirsutism, clitoromegaly, and amenorrhea
•    Estrogenic symptoms are rare.     

 –   Ascites and tumor rupture may rarely be seen.     
•   Gross pathology (Fig.  10.11 )

 –     Most often (>98 %) unilateral [ 22 ].  
 –   Tumor size ranges from <1 cm to 35 cm (mean 12–14 cm).  
 –   The cut surface is most often solid and tan-yellow or 

may be partially cystic.
•    Cystic component is more common in retiform 

SLCT and tumors with heterologous (mucinous 
epithelial) elements.     

 –   Necrosis and hemorrhage are not uncommon in poorly 
differentiated tumors.     

•   Microscopic features
 –     Well-differentiated SLCT  (Fig.  10.12 )

•     Sertoli cells forming easily recognizable open or 
solid/compressed tubules.  

•   Leydig cells are present in the intervening stroma 
singly or in small clusters.  

•   Sertoli cells have oval or round nuclei; may have 
small nucleoli and nuclear grooves  

•   Leydig cells have round nuclei and characteristic 
abundant eosinophilic cytoplasm with lipofuscin 
pigment.
 –    Intracytoplasmic Reinke crystals may be seen and 

may actually be better preserved on frozen sections 
than on permanent sections after formalin fi xation.     

•   No signifi cant nuclear pleomorphism or mitotic 
activity in either components.     

 –    Intermediate-grade SLCT  (Fig.  10.13 )
•     Diffuse or lobulated pattern on low magnifi cation 

with alternating cellular areas and hypocellular 
edematous background stroma.  

•   Sertoli cells form diffuse sheets or thin cords and 
solid, compressed tubules, admixed with dispersed 
Leydig cell component.
 –    Leydig cells are usually fewer than in a well- 

differentiated SLCT.     
•   Sertoli cell nuclei are hyperchromatic, oval, or spin-

dled, with mild to moderate pleomorphism.  
•   Mitotic fi gures may be present.  
•   Rare cases show foci of bizarre, degenerative-type 

atypia.     

 –    Poorly differentiated SLCT  (Fig.  10.14 )
•     Diffuse sheets of immature Sertoli cells with sarco-

matoid or primitive gonadal stromal appearance.  
•   Compressed tubule or cord formation is only focal 

and vague, usually diffi cult to identify.  
•   Leydig cells are rare, typically located at the periph-

ery of tumor nodules.  
•   Sertoli cells show moderate to marked nuclear 

pleomorphism.  
•   Mitotic activity may be up to 20/10 HPF.     

 –    SLCT with heterologous elements  (Fig.  10.15 )
•     Approximately 20 % of SLCTs have heterologous 

elements, most often mucinous (intestinal or gastric 
type) epithelium.
 –    Mucinous epithelium associated with SLCT 

may be benign, borderline, or malignant.     
•   Heterologous mesenchymal tissues—cartilage or 

skeletal muscle—are less common.  
•   Heterologous elements occur only in moderately or 

poorly differentiated SLCT and retiform SLCT.     
 –    Retiform SLCT 

•    Rare, approximately 15 % of SLCTs show focal or 
diffuse retiform pattern.  

•   Anastomosing irregular, slit-like spaces resembling 
rete testis.  

•   Papillary or multicystic architecture may also be 
seen.        

•   Differential diagnosis (Table  10.2 )
 –     Endometrioid adenocarcinoma of ovary  
 –   AGCT  
 –   Mucinous tumors—primary ovarian and metastatic 

(versus SLCT with heterologous elements)  
 –   Tubular Krukenberg tumor  
 –   Teratoma (versus SLCT with heterologous elements)  
 –   Carcinosarcoma (versus SLCT with heterologous 

elements)  
 –   Yolk sac tumor (versus retiform SLCT)  
 –   Serous borderline tumor or carcinoma (versus retiform 

SLCT)  
 –   Sarcomas (versus poorly differentiated SLCT)  
 –   Fibroma  
 –   Sertoli cell tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Biological behavior of SLCT correlates with histologi-

cal grade, subtype, and stage.
•    Well-differentiated SLCTs show a benign clinical 

course [ 22 ].  
•   Intermediate-grade SLCTs had malignant behavior 

in 11 % of cases in the largest series [ 22 ].  
•   Up to 59 % of poorly differentiated SLCTs are clini-

cally malignant (rate of malignancy ranging between 
13 and 59 % in various series) [ 10 ,  22 – 24 ].  

•   Retiform pattern and presence of heterologous ele-
ments are also adverse prognostic factors.     
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 –   Conservative fertility-sparing surgery—unilateral 
salpingo- oophorectomy and staging procedure (with 
or without lymphadenectomy) is usually performed in 
young patients with stage I tumors [ 10 ,  23 ,  24 ].  

 –   Bilateral salpingo-oophorectomy, total hysterectomy, 
and complete surgical staging (with or without lymph-
adenectomy) are typically performed for patients who 
do not wish to preserve fertility.  

 –   Intraoperative management of AGCT and SLCT (espe-
cially moderately or poorly differentiated tumors) is 
usually similar; frozen section diagnosis of “sex cord-
stromal tumor, differential includes AGCT and SLCT” 
is usually suffi cient in cases showing overlapping mor-
phologic features.  

 –   Distinction from malignant epithelial ovarian tumors is 
critical on frozen sections, especially in young patients.
•    Role of fertility-preserving surgery in epithelial 

ovarian cancer is less established.  
•   Surgical staging procedure is more extensive in 

ovarian epithelial malignancy, compared with 
SLCT.  

•   Endometrioid adenocarcinoma of the ovary may 
have a sertoliform growth pattern mimicking a 
well-differentiated SLCT. Helpful clues in favor of 
SLCT:
 –    Unilateral tumor  
 –   Younger patient age  
 –   Absence of squamous differentiation  

 –   Presence of Leydig cells in the stroma, although 
luteinized stromal cells in endometrioid adeno-
carcinomas may mimic Leydig cells  

 –   Lack of signifi cant nuclear atypia and mitotic 
activity (well-differentiated SLCT)              

    Sertoli Cell Tumor 

•     Rare tumor composed purely of Sertoli cells.  
•   May occur at any age (mean 30 years).  
•   Hormonal manifestations (estrogenic > androgenic) may 

be seen [ 25 ].  
•   Rare cases have been associated with Peutz-Jeghers 

syndrome.  
•   Unilateral, tumor size ranging between 0.8 and 30 cm 

[ 26 ].  
•   Majority of tumors have a benign clinical course; rare 

malignant cases have also been reported [ 25 ,  26 ].  
•   Solid or hollow tubules composed of Sertoli cells, 

arranged in a lobular pattern with intervening stroma.
 –    Less common patterns include diffuse, pseudopapil-

lary, retiform, spindled, and nested [ 26 ].  
 –   Most tumors lack nuclear atypia and have low mitotic 

activity.  
 –   Moderate to severe nuclear atypia, >5 mitoses/10 HPF, 

and necrosis have been found in rare, clinically 
 malignant tumors [ 26 ].        
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  Fig. 10.11    Sertoli-Leydig cell tumor (SLCT). A small, incidental 
well-differentiated SLCT shows a solid, tan-yellow cut surface ( a ). 
Poorly differentiated SLCT has a solid, tan-yellow, fl eshy gross appear-

ance with areas of necrosis ( b ). Note the solid and cystic cut surface in 
a poorly differentiated SLCT with heterologous mucinous epithelial 
elements ( c )       
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  Fig. 10.12    Well-differentiated Sertoli-Leydig cell tumor (SLCT). The 
Sertoli cells form easily recognizable, irregular, branching tubules ( a ). 
Abundant Leydig cells are present in the intervening stroma ( b ). The 
nuclei of Sertoli cells are round to oval and hyperchromatic and may 

show longitudinal grooves ( c ,  d ). The Leydig cells have round nuclei 
with small nucleoli and abundant eosinophilic cytoplasm containing 
Reinke crystals ( c ,  lower portion of image ) and lipofuscin pigment ( d )       
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  Fig. 10.13    Intermediate-grade Sertoli-Leydig cell tumor (SLCT). Low 
magnifi cation shows lobulated ( a ) or diffuse ( b ) growth pattern. The 
hyperchromatic, oval, or spindled Sertoli cells form compressed tubules 

and cords and are admixed with round, eosinophilic Leydig cells ( c ,  d ). 
The Sertoli cell nuclei display moderate nuclear atypia with conspicu-
ous nucleoli ( e )       
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  Fig. 10.14    Poorly differentiated Sertoli-Leydig cell tumor (SLCT). 
Note the diffuse sheets of immature Sertoli cells ( a ) with rare Leydig 
cells that are usually located at the periphery of tumor ( b ,  arrow ). Focal, 

vague corded arrangement of Sertoli cells is an important diagnostic 
clue ( c ,  d ). Moderate to marked nuclear pleomorphism and frequent 
mitotic fi gures ( e ,  arrows ) are also characteristic       
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  Fig. 10.15    Sertoli-Leydig cell tumor (SLCT) with heterologous ele-
ments. Gastric foveolar- and intestinal-type epithelium is surrounded 
by immature Sertoli cell proliferation ( a ,  b ). Leydig cells may be diffi -

cult to identify but often provide an important diagnostic clue 
( c ,  arrows ). Note the primitive, sarcomatoid appearance of Sertoli cells 
surrounding an intestinal-type gland with goblet cells ( d )       

   Table 10.2    Differential diagnosis of Sertoli-Leydig cell tumor   

 Sertoli/Sertoli-Leydig cell 
tumor 

 Endometrioid 
adenocarcinoma  Adult granulosa cell tumor 

 Ovarian mucinous tumors 
(primary) 

 Age (years)  Most common in young 
patients (mean: 25–30) 

 5th–6th decades 
(mean 58) 

 Most often postmenopausal 
(mean 50–55) 

 Mean age: 45 years 

 Bilaterality  Very rare  Up to 17 %  Very rare  Uncommon 

 Size (mean)  12–14 cm  15 cm  10–12 cm  >10 cm (mean: 
18–22 cm) 

 Clinical symptoms  Hormonal 
manifestations common 
(androgenic > estrogenic) 

 Asymptomatic or Pelvic 
mass/pain 

 Pelvic mass/pain; hormonal 
(estrogenic > androgenic) 
manifestations 

 Pelvic mass/pain 

 Squamous differentiation  Absent  Common  Absent  Absent 

 Mucinous differentiation  Rare (gastric- or 
intestinal-type 
heterologous elements) 

 Uncommon (no goblet 
cells) 

 Absent  Yes, abundant goblet 
cells 

 Nuclear features  Grade dependent; nuclear 
grooves may be seen in 
Sertoli cells 

 Variable nuclear atypia; 
no grooves 

 Most often uniform, pale 
nuclei with membrane folds 
and grooves 

 Moderate to marked 
nuclear atypia 

 Necrosis  May be seen (in poorly 
differentiated tumors) 

 Common  May be seen  Common 
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    Leydig Cell Tumor 

•     Clinical features
 –    Rare tumor, approximately 20 % of steroid cell tumors 

of ovary.  
 –   Mean patient age is 58 years.  
 –   Androgenic manifestations are common.     

•   Gross pathology (Fig.  10.16 )
 –     Usually unilateral, mean size is 2.4 cm [ 27 ,  28 ].  
 –   Solid, red-brown, or yellow cut surface.     

•   Microscopic features (Fig.  10.17 )
 –     May be located in the ovarian hilum (“hilar type”) or 

within the ovarian stroma (“nonhilar type”).  
 –   Sheets of Leydig cells with abundant eosinophilic or 

pale cytoplasm containing lipofuscin pigment and 
characteristic Reinke crystals  

 –   Uniform, round nuclei with small nucleoli.  
 –   Nuclear pleomorphism and signifi cant mitotic activity 

are rare.  

 –   Tumors with admixture of ovarian stromal and Leydig 
cell proliferation have been termed  stromal-Leydig cell 
tumor  (Fig.  10.18 ) [ 29 ].

•         Differential diagnosis
 –    Steroid cell tumor, not otherwise specifi ed (NOS)  
 –   Sertoli-Leydig cell tumor  
 –   Luteinized thecoma  
 –   Nonneoplastic lesions of ovary, e.g., hilus cell hyper-

plasia, corpus luteum     
•   Diagnostic pitfalls/key intraoperative consultation 

issues
 –    Leydig cell tumors are benign; therefore, the most 

important distinction for intraoperative management is 
to distinguish it from other entities with potentially 
malignant clinical behavior: steroid cell tumor, NOS, 
and Sertoli-Leydig cell tumor.
•    Reinke crystals are absent in steroid cell tumor, 

NOS.           

  Fig. 10.16    Leydig cell tumor. Note the characteristic solid, red-brown 
cut surface (with focal cystic changes also seen in this case)       
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  Fig. 10.17    Leydig cell tumor histological features. Note the diffuse sheets of uniform Leydig cells ( a ) with round nuclei and abundant eosino-
philic cytoplasm ( b ) containing Reinke crystals ( c ,  arrows )       
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  Fig. 10.18    Stromal-Leydig cell tumor is characterized by an admixture of ovarian stromal cells and Leydig cells ( a ,  b ). The Leydig cells have 
uniform round nuclei with conspicuous nucleoli and abundant eosinophilic cytoplasm containing Reinke crystals ( c ,  arrow )       
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    Steroid Cell Tumor, Not Otherwise 
Specifi ed (NOS) 

•     Clinical features
 –    Accounts for approximately 0.1 % of all ovarian 

tumors and 80 % of steroid cell tumors  
 –   Patient age is usually younger than those with Leydig cell 

tumors; the mean age is 43 years (range: 2–80 years) [ 30 ]  
 –   Hormonal manifestations are common, most often 

androgenic     
•   Gross pathology (Fig.  10.19 )

 –     Usually unilateral—approximately 5 % of tumors are 
bilateral.  

 –   Mean tumor size is 8.4 cm [ 30 ].  
 –   Solid yellow, brown, red, or black cut surface.  
 –   Hemorrhage and necrosis may be seen.     

•   Microscopic features (Fig.  10.20 )
 –     Diffuse or nested arrangement of round or polygonal 

tumor cells.  
 –   Abundant eosinophilic, pale, or clear foamy cyto-

plasm, which may contain lipochrome pigment.
•    Reinke crystals are absent.     

 –   Round nuclei with prominent nucleoli.  
 –   Nuclear atypia is usually mild, and the mitotic activity 

is <2/10 HPF.  
 –   Less commonly moderate to severe atypia and 

increased mitotic activity (>2/10 HPF) may be seen 
and has been shown to be associated with a malignant 
clinical course [ 30 ].  

 –   Tumor size larger than 7 cm and hemorrhage and 
necrosis are also adverse prognostic factors [ 30 ].  

 –   Stromal changes may include hyalinization, edema, 
myxoid change, and calcifi cations  

 –   Vascular network surrounding the tumor cells may be 
prominent.     

•   Differential diagnosis
 –    Leydig cell tumor  
 –   Clear cell carcinoma of ovary  
 –   Metastatic tumors: melanoma, hepatocellular carci-

noma, clear cell renal cell carcinoma, and neuroendo-
crine carcinoma  

 –   Nonneoplastic lesions of ovary, e.g., hilus cell hyper-
plasia, corpus luteum     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Leydig cell tumors are benign, whereas large (>7 cm) 

steroid cell tumors with moderate to severe atypia, 
increased mitotic activity, hemorrhage, and necrosis 
may have a malignant clinical course.
•    Presence of Reinke crystals is diagnostic of Leydig 

cell tumor.     
 –   Steroid cell tumor, NOS, may mimic metastatic tumors 

to the ovary.
•    Clinical history of prior malignancy, especially 

melanoma, hepatocellular carcinoma, clear cell 
renal cell carcinoma, and neuroendocrine carci-
noma should raise suspicion for metastasis.  

•   Morphologic comparison with the patient’s prior 
specimens—if available—is helpful.  

•   Bilaterality is more common in metastatic lesions; 
only about 5 % of steroid cell tumors are 
bilateral.     

 –   Clear cell carcinoma of the ovary typically has a vari-
ety of morphologic patterns, including tubulocystic 
and papillary, which are not characteristic of steroid 
cell tumor.
•    Additional sampling may be helpful to identify var-

ious patterns within the tumor.           

  Fig. 10.19    Steroid cell tumor, NOS, showing a solid, yellow-brown 
cut surface       
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  Fig. 10.20    Steroid cell tumor, NOS, microscopic features. Note the 
diffuse ( a ) or nested arrangement of tumor cells, often with stromal 
hyalinization ( b ,  c ). The tumor cells are characterized by abundant 

eosinophilic ( c ) or clear, foamy cytoplasm ( d ,  e ) and round, uniform 
nuclei. Moderate to severe nuclear atypia ( f ) and necrosis ( g ,  right side 
of image ) are less common         

a b

c d
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Fig. 10.20 (continued)
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    Sclerosing Stromal Tumor 

•     Clinical features
 –    Rare benign stromal tumor  
 –   Most often occurs during the fi rst three decades—

mean age is 27 years [ 31 ,  32 ]  
 –   Presents with pelvic mass/pain and rarely hormonal 

manifestations (androgenic or estrogenic) [ 33 ,  34 ]     
•   Gross pathology (Fig.  10.21 )

 –     Usually unilateral.  
 –   Size ranges between 1.5 and 17 cm (mean 10 cm) [ 31 ].  
 –   Cut surface is solid white to yellow.     

•   Microscopic features (Fig.  10.22 )
 –     Pseudo-lobular architecture of alternating hypo- and 

hypercellular areas.  
 –   Cellular nodules are composed of oval or spindled 

cells in a disorganized or storiform pattern.  
 –   Characteristic thin-walled, branching, “hemangioperi-

cytoma-like” vasculature.  
 –   Nuclei are small, relatively uniform with small 

nucleoli.  
 –   No signifi cant nuclear atypia or mitotic activity.  
 –   Luteinized cells may be seen.  
 –   Cytoplasm may show vacuolization, resembling 

signet- ring cells.     
•   Differential diagnosis

 –    Fibroma  
 –   Thecoma  
 –   Stromal hyperplasia/hyperthecosis  
 –   Metastatic signet-ring cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Distinction between sclerosing stromal tumor and 

other benign entities (i.e., fi broma, thecoma, stromal 
hyperthecosis/hyperplasia) is not crucial at the time of 
frozen section.
•    Frozen section interpretation of “benign stromal 

tumor favor sclerosing stromal tumor” or “benign 
stromal tumor, classifi cation deferred for perma-
nent sections” is usually suffi cient.     

 –   Clinical history of prior gastrointestinal tract or breast 
carcinoma and bilaterality should raise suspicion for 
possible metastatic carcinoma with reactive stromal 
proliferation.  

 –   Cytoplasm is nondistinct and the cell borders are ill 
defi ned in sclerosing stromal tumor in contrast with 
metastatic signet-ring cell carcinomas.        

    Signet-Ring Stromal Tumor 

•     Very rare benign ovarian stromal tumor.  
•   Occurs in adults, ranging between 21 and 83 years of age 

[ 35 – 37 ].  
•   Unilateral, with a mean tumor size of 8.4 cm.  
•   Solid or partially cystic, white-pink cut surface.  
•   Sheets or individual signet-ring cells in a background of 

cellular fi bromatous or edematous stroma:
 –    Bland, eccentric nuclei and absent or low mitotic activity  
 –   Clear cytoplasmic vacuoles, sometimes containing 

eosinophilic globules     
•   Main differential diagnosis is metastatic signet-ring cell 

carcinoma (Krukenberg tumor).
 –    Clinical history of prior gastrointestinal tract or breast 

carcinoma and bilaterality should raise suspicion for 
metastatic carcinoma.  

 –   In either case (benign stromal tumor or metastatic car-
cinoma), no surgical staging procedure is performed.        

    Microcystic Stromal Tumor 

•     Very rare benign ovarian stromal tumor.  
•   Occurs in adults (mean age 45 years) [ 38 ].  
•   Unilateral with a mean tumor size of 8.7 cm [ 38 ].  
•   Cut surface is tan white, solid, cystic, or a combination of 

both.  
•   Solid sheets of tumor cells with round to oval microcysts.

 –    Smaller intracytoplasmic vacuoles are also present.     
•   No signifi cant nuclear atypia or mitotic activity.     

    Fibrosarcoma 

•     Rare malignant stromal tumor.  
•   Most patients are postmenopausal and present with a pel-

vic mass.  
•   Large, usually unilateral tumors, often with necrosis and 

hemorrhage [ 6 ].  
•   Microscopically hypercellular fascicles composed of 

moderately to markedly atypical spindle cells.
 –    Mitotic activity ≥4/10 HPF.  
 –   Atypical mitoses may also be seen.     

•   Differential diagnosis includes benign tumors—fi broma, 
cellular fi broma, and sarcomas, e.g., endometrial stromal 
sarcoma.        

Fibrosarcoma
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  Fig. 10.21    Sclerosing stromal tumor showing a solid, tan-yellow cut 
surface       
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a b

c d

e

  Fig. 10.22    Sclerosing stromal tumor has a characteristic pseudo- 
lobular pattern on low magnifi cation with alternating hypo- and hyper-
cellular areas ( a ). The vessels are thin-walled, branching with a 

“hemangiopericytoma-like” appearance ( b ,  c ). The tumor cells are oval 
or spindled and may show a disorderly storiform pattern. No signifi cant 
nuclear atypia is seen ( d ,  e )       
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      Nonneoplastic Lesions of the Ovary 
and Miscellaneous Primary Ovarian 
Tumors       

                Introduction 

 Nonneoplastic—physiologic or reactive—conditions of 
the ovary may present as a mass lesion and mimic a 
 malignant process clinically or radiologically and may 
result in a diagnostic dilemma on frozen section examina-
tion. Familiarity with the clinical context, the spectrum 
of  frozen section histomorphology, and the potential 

 technical artifacts can help avoiding overinterpretation of 
these benign lesions. Precise classifi cation of benign 
 fi ndings, however, is rarely required for intraoperative 
management. 

 This chapter, in addition to presenting a brief overview of 
the most common nonneoplastic ovarian entities, also 
includes a few rare primary ovarian tumors, i.e., lymphomas 
and small cell carcinomas.  
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    Nonneoplastic Lesions of the Ovary 

    Cortical Inclusion Cysts 

•     Very common, typically incidental fi ndings beneath the 
ovarian surface.  

•   Measure <1 cm in size.  
•   Single layer of epithelial cell lining, may be tubal type/

ciliated or fl attened (Fig.  11.1 ).

•      Mild cytological atypia may be seen.  
•   May be associated with calcifi cations.  
•   No papillary epithelial proliferation or tufting.  
•   Diagnostic pitfalls/key intraoperative consultation 

issues
 –    Cortical inclusion cysts with prominent calcifi cation 

and mild epithelial atypia may raise suspicion for bor-
derline/atypical proliferative serous tumor; however, 
they lack epithelial proliferation, or tufting.        

a b

  Fig. 11.1    Cortical inclusion cysts in the ovarian stroma with focal calcifi cation ( a ). The lining epithelium is composed of a single layer of bland, 
fl attened, or tubal-type cells ( b )       
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    Cystic Follicle/Follicle Cyst 

•     May occur at any age, although most common during the 
reproductive years.  

•   Lesions measuring less than 3 cm are typically designated 
as cystic follicle, while follicle cysts usually range 
between 3 and 8 cm in size.  

•   Cut surface shows a thin cyst wall, smooth inner surface, 
and clear or hemorrhagic fl uid contents.  

•   Microscopically the cysts are lined by variable number of 
granulosa cell layers (Fig.  11.2 ).
 –     Uniform, round to oval nuclei and small nucleoli.  
 –   Mitotic fi gures may be present.  
 –   Often luteinized with abundant eosinophilic cytoplasm.  
 –   Outer layer of luteinized theca cells is often seen.     

•   Differential diagnosis
 –    Adult granulosa cell tumor (AGCT)  
 –   Juvenile granulosa cell tumor (JGCT)     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    AGCT may be unilocular, cystic, mimicking a follicle 

cyst.
•    Luteinization is uncommon in cystic AGCT, while 

it is often seen in follicle cysts.     
 –   Cystic growth pattern and cytological features of 

JGCT show similarity to those of follicle cysts.
•    Follicle formation within the cystic granulosa cell 

lining is characteristic of JGCT [see Chap.   10    ] and 
not a feature of follicle cyst.           

a b

c d

  Fig. 11.2    Cystic follicle/follicle cyst. The cyst is lined by multiple lay-
ers of granulosa cells ( a ,  b ), characterized by uniform, round nuclei and 
often luteinized, eosinophilic cytoplasm ( b ,  c ). Luteinized theca cells 

are also present under the granulosa cell layer ( b – d ). Occasional mitotic 
fi gures may be seen among the granulosa cells ( d )       
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    Cystic Corpus Luteum/Corpus Luteum Cyst 

•     Enlarged, cystic corpus luteum is common during the 
reproductive years.  

•   Patients may present with abdominal pain, menstrual 
abnormalities, and rarely hemoperitoneum due to 
rupture [ 1 ].  

•   Yellow, cystic cut surface often with central hemorrhage.  
•   Thick, undulating lining composed of large luteinized 

granulosa cells (Fig.  11.3 ).
 –     Uniform, round nuclei with small nucleoli  
 –   Abundant eosinophilic cytoplasm—may appear vacu-

olated on frozen sections     
•   Differential diagnosis

 –    Luteinized follicle cyst  
 –   Steroid cell tumor  
 –   Leydig cell tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Corpus luteum cyst is usually easily recognized on fro-

zen sections.  
 –   Distinction between corpus luteum cyst and other 

benign entities—e.g., luteinized follicle cyst—is not 
critical for intraoperative management.  

 –   Steroid and Leydig cell tumors lack the characteristic 
undulating arrangement of cells.
•    Cystic change is not a feature of steroid or Leydig 

cell tumors.  
•   Reinke crystals are absent in corpus luteum cyst.           

a b

  Fig. 11.3    Cystic corpus luteum/corpus luteum cyst. The cyst has thick, undulating layers of granulosa cells with relatively uniform, round nuclei 
and abundant eosinophilic cytoplasm ( a ). Cytoplasmic vacuolization may be seen on frozen sections ( b )       
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    Endometriosis/Endometriotic Cyst 

•     Endometriosis often involves the ovaries and may present 
with pelvic/abdominal mass and/or pain, irregular 
 menstruation, dysmenorrhea, and infertility.  

•   Ovary may be signifi cantly enlarged, often >10 cm in 
size.  

•   Ovarian surface adhesions and tubo-ovarian adhesions 
are often present.  

•   Cut surface may be solid, hemorrhagic, or cystic, fi lled 
with red-brown fl uid (“chocolate cyst”) (Fig.  11.4 ).
 –     Cystic lesions may have intraluminal solid/polypoid 

protrusions—intraoperative frozen section sampling 
from these areas is important.     

•   Microscopic examination shows endometrial glandular 
epithelium and endometrial stroma often with abundant 
hemosiderin-laden macrophages (Fig.  11.5 ).

 –     Characteristic vascular network of spiral arterioles in 
endometrial stroma helps distinguishing it from 
 background ovarian stroma.  

 –   Epithelial lining may show metaplastic changes—
tubal (ciliated), mucinous, hobnail, or eosinophilic 
(papillary syncytial) [ 2 ].  

 –   Cytological and/or architectural atypia may be seen—
“atypical endometriosis” (Figs.  11.6  and  11.7 ; Fig.  11.7  
clear cell carcinoma arising in atypical endometriosis).

 –       Polypoid endometriosis resembles the growth pattern 
and architectural features of uterine endometrial polyps.     

•   Differential diagnosis
 –    Hemorrhagic follicle cyst  
 –   Clear cell carcinoma arising in endometriosis  
 –   Endometrioid adenocarcinoma arising in 

endometriosis     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    Atypical endometriosis—endometriosis with either 
cytological atypia or hyperplastic changes similar to 
eutopic (uterine endometrial) complex atypical hyper-
plasia—has been shown to have a benign clinical 
course and does not require extensive surgery [ 3 ].  

 –   Sampling for frozen section should focus on intralumi-
nal polypoid masses and solid areas to rule out malig-
nancy—most often clear cell and endometrioid 
carcinomas [see Chap.   8    ].  

 –   Distinction between endometriosis and other benign 
mimics is typically not crucial for intraoperative 
management.        

a b

  Fig. 11.4    Ovarian endometriosis. The lesion may appear grossly as a hemorrhagic cyst with a smooth, focally red-brown lining ( a ) or as a pre-
dominantly solid, hemorrhagic, tan-brown mass ( b )       
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a

c

b

  Fig. 11.5    Ovarian endometriosis. Histologically the lesion is charac-
terized by variable proportions of endometrial stroma and endometrial 
glands/glandular epithelium ( a ). Note the distinctly different micro-

scopic features of endometrial versus ovarian stroma ( b ). Mucinous 
metaplasia is common within the endometrial epithelium ( b ,  c )       
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a

c

b

  Fig. 11.6    Atypical endometriosis. Note the glandular crowding with complex architecture and atypia ( a ,  b ), similar to complex atypical hyperpla-
sia of the eutopic endometrium, or marked cytological atypia of the endometrial glandular epithelium ( c )       
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a

c

b

  Fig. 11.7    Clear cell carcinoma of the ovary, arising in an endometri-
otic cyst. The endometrial epithelial lining shows marked cytological 
atypia (atypical endometriosis) ( a ,  b ,  right side of images ;  c ). Adjacent 

intraluminal tubulo-cystic proliferation represents a focus of clear cell 
carcinoma ( a ,  b ,  left side of images )       
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    Stromal Hyperthecosis 

•     May occur during the reproductive years and in 
 postmenopausal patients.  

•   Patients may be asymptomatic or may present with 
 endocrine manifestations (androgenic> estrogenic) [ 4 ].  

•   Ovaries are normal in size or slightly enlarged.  
•   Most often bilateral ovarian involvement.  
•   Solid, diffuse tan-yellow cut surface.  
•   Microscopically, stromal hyperthecosis is usually associ-

ated with ovarian stromal hyperplasia and shows lutein-
ized cells—singly or in small nodules (less than 1 cm in 
size) (Fig.  11.8 ).

 –     Luteinized cells have small, round, uniform nuclei and 
abundant eosinophilic (lipid-poor) or clear (lipid-rich) 
cytoplasm.     

•   Differential diagnosis
 –    Stromal luteoma  
 –   Fibroma/thecoma  
 –   Metastatic signet-ring cell carcinoma (Krukenberg 

tumor)     
•   Diagnostic pitfalls/key intraoperative consultation 

issues
 –    Distinction between stromal hyperthecosis and other 

benign entities—e.g., stromal luteoma, fi broma or 
thecoma—is not critical for intraoperative 
management.  

 –   Lipid-rich luteinized cells with clear cytoplasm may 
mimic signet-ring cells.
•    Nuclei of luteinized stromal cells are round and 

centrally located, unlike the eccentric, often 
crescent- shaped nuclei of Krukenberg tumor.     

 –   The ovarian stroma is often prominent/hyperplastic 
and may contain luteinized cells in Krukenberg tumors, 
giving the impression of stromal hyperplasia/hyperthe-
cosis on low magnifi cation. Cases with bilateral ovar-
ian involvement by stromal hyperplasia should always 
be examined carefully on medium or high magnifi ca-
tion to rule out presence of metastatic signet-ring cells.        

    Massive Edema 

•     Rare, benign condition occurring mostly in young patients 
(mean age: 20–22 years) [ 5 ,  6 ].  

•   Clinical presentation includes abdominal pain, menstrual 
abnormalities, and less commonly hormonal 
manifestations.  

•   Most often unilateral ovarian enlargement, up to 35 cm in 
size (mean size is around 10 cm) [ 5 ,  6 ].  

•   Tan, edematous, or gelatinous cut surface.  
•   Edematous, hypocellular ovarian stroma surrounding 

 preexisting ovarian structures (e.g., follicles) and usually 
sparing the outer cortex.  

•   Differential diagnosis
 –    Fibroma/thecoma with edema  
 –   Metastatic signet-ring cell carcinoma (Krukenberg 

tumor)        

    Ovarian Torsion 

•     May present at any age and occurs during pregnancy in up 
to 25 % of cases [ 7 ].  

•   Clinical symptoms include acute onset abdominal pain, 
nausea, vomiting, and fever.  

•   Most common predisposing lesions are ovarian cysts or 
benign cystic or solid neoplasms.
 –    Less than 5 % of cases have an underlying ovarian 

malignancy [ 8 ].  
 –   May involve normal adnexa in pediatric patients.     

•   Hemorrhagic infarction microscopically may involve the 
entire ovary or may be focal.  

•   Thorough gross sampling is required to identify viable 
areas.  

•   Diagnosis of underlying ovarian pathology may be 
deferred to permanent sections if reasonable sampling on 
frozen section fails to show viable tissue.     

    Surface Papillary Stromal Proliferation 

•     Common incidental fi nding at any age  
•   Multiple small (<1 cm) papillary stromal projections on 

the ovarian surface lined by a single layer of surface 
epithelium
 –    No pseudostratifi cation or tufting  
 –   No signifi cant nuclear atypia or mitotic activity     

•   Differential diagnosis
 –    Serous borderline/atypical proliferative tumor        
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a b

c d

  Fig. 11.8    Ovarian stromal hyperplasia/hyperthecosis. Note the diffuse proliferation of spindled ovarian stromal cells ( a ,  b ), admixed with small 
nests of round, uniform luteinized cells with abundant eosinophilic ( c ) or clear cytoplasm ( d )       
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    Tubo-ovarian Abscess 

•     Usually secondary to pelvic infl ammatory disease.
 –    Less commonly may be a result of direct spread from 

diverticulitis or appendicitis     
•   Clinical presentation includes abdominal pain/ mass, 

fever, nausea, and vaginal discharge or bleeding.  
•   Gross examination typically reveals enlargement of the 

adnexa with tubo-ovarian adhesions and heterogeneous 
cut surface often with apparent cystic yellow abscess 
 cavity (Fig.  11.9 ).

 –     Surgery is more often performed for larger lesions 
(>10 cm in size), whereas smaller lesions may be treated 
conservatively [ 9 ].     

•   Most often polymicrobial—including  N. gonorrhoeae  
and other aerobic and anaerobic species; less often caused 
by  Actinomyces  [ 9 ].
 –    Mixed infl ammatory infi ltrate with neutrophils, 

 histiocytes, lymphocytes, and plasma cells.  
 –   Actinomycotic (“sulfur”) granules—round, basophilic 

aggregates of branching bacterial fi laments in a radiat-
ing pattern—are diagnostic (Fig.  11.10 ).

  Fig. 11.9    Tubo-ovarian abscess shows a soft, tan-yellow cut surface 
and surface adhesions       

a b

  Fig. 11.10    Actinomycotic (“sulfur”) granules in a tubo-ovarian abscess ( a ,  b ). Note the round, basophilic aggregates of branching bacterial fi la-
ments in a radiating pattern—surrounded by mixed (neutrophilic and lymphoplasmacytic) infl ammatory infi ltrate in the ovary       
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              Miscellaneous Primary Ovarian Tumors 

    Lymphomas 

•     Primary ovarian lymphomas are rare.
 –    Secondary involvement of the ovaries is more 

common [ 10 ].     
•   May occur at any age and present with abdominal mass/

pain and often with general symptoms, i.e., fatigue, 
weight loss, and fever.  

•   Primary ovarian lymphomas are usually unilateral, except 
for Burkitt lymphoma [ 11 ].  

•   Size range is wide, ranging from microscopic to 20 cm 
[ 10 ].  

•   Cut surface is typically solid, nodular, tan-pink, fl eshy, or 
rubbery (Fig.  11.11 ).

•      Most common histological subtype is  diffuse large B-cell 
lymphoma (DLBL). 
 –    Microscopic appearance is similar to that of other 

sites:
•    Diffuse sheets of large cells with round to irregular 

nuclear contours (Fig.  11.12 ).
•      Small to moderate amount of cytoplasm, indistinct 

cytoplasmic borders.  
•   Moderate to severe nuclear pleomorphism.  
•   High mitotic activity.  
•   Necrosis may be seen.  
•   Histological feature unique to ovarian DLBL is 

stromal sclerosis, resulting in a storiform pattern or 
trabeculated arrangement of tumor cells.        

•   Differential diagnosis
 –    Primary ovarian carcinomas  
 –   Metastatic carcinomas  
 –   Dysgerminoma  
 –   Adult granulosa cell tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The differential diagnosis of undifferentiated round 

blue cell tumors should be wide at the time of frozen 
section to ensure appropriate triaging of tissue for 
ancillary studies.
•    If the morphology raises suspicion for a lymphop-

roliferative disorder, fresh tissue should be har-
vested for additional hematopathology workup.     

 –   There are no uniform guidelines regarding the extent 
of surgical debulking/staging; however, staging sur-
gery is often performed, due to lack of defi nitive pre- 
or intraoperative diagnosis [ 12 ,  13 ].  

 –   Conservative frozen section diagnostic approach 
should be considered in young patients wishing to 
preserve fertility—frozen section diagnosis of 
“Malignant neoplasm cannot rule out or favor lym-
phoma” can be communicated with deferral for per-
manent sections.        

    Small Cell Carcinoma, Hypercalcemic Type 

•     Rare, undifferentiated malignant tumor occurring in 
young patients (mean age is 24 years) [ 14 ,  15 ].  

•   Clinical presentation includes abdominal mass and para-
neoplastic hypercalcemia in over half of the patients.  

•   Almost always unilateral, solid with a tan-white cut 
surface.  

•   Average tumor size is 15 cm [ 15 ].  
•   Diffuse growth pattern with follicle-like spaces.

 –    Less often the tumor cells may form nests or cords.     
•   Small, round, hyperchromatic cells with high mitotic 

activity.
 –    Large cell component with moderate to abundant cyto-

plasm is also seen in approximately half of the cases 
[ 15 ].     

•   Necrosis and hemorrhage are often seen.  
•   Differential diagnosis

 –    Juvenile granulosa cell tumor  
 –   Clear cell carcinoma  
 –   Dysgerminoma  
 –   Lymphoma  
 –   Metastatic carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Highly aggressive tumor, often with extraovarian 

spread at the time of presentation.  
 –   Fertility-sparing surgery with unilateral salpingo- 

oophorectomy and tumor debulking has been reported 
in rare cases [ 16 – 18 ].        

    Small Cell Carcinoma, Pulmonary Type 

•     Rare tumor, presenting in older patients (mean age around 
60 years) [ 19 ].  

•   Patients usually present with an abdominal/pelvic mass.  
•   Large, solid tumor.  
•   Size may be over 20 cm.  
•   Often bilateral.  
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•   Microscopic features resemble pulmonary small cell 
carcinoma.

 –    Diffuse, or less often trabeculated, nested growth 
pattern.  

 –   Small- or medium-sized, hyperchromatic, round to 
oval nuclei.  

 –   Scant cytoplasm.  
 –   Brisk mitotic activity, abundant apoptotic bodies and 

necrosis.  
 –   Chromatin pattern and nuclear molding may be diffi -

cult to appreciate on frozen section slides.     
•   Not infrequently admixed with another histological sub-

type, i.e. endometrioid or mucinous carcinoma  
•   Rarely may arise in a mature teratoma [ 20 ,  21 ]  

•   Differential diagnosis
 –    Other types of primary ovarian carcinoma, particularly 

high grade serous and endometrioid  
 –   Small cell carcinoma, hypercalcemic type  
 –   Metastatic small cell carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Metastatic small cell carcinoma to the ovary should be 

ruled out, as it does not require comprehensive 
 gynecologic staging surgery.
•    Clinical history and review of the patient’s prior 

biopsies with morphological comparison is most 
helpful.               

  Fig. 11.11    Ovarian primary diffuse large B-cell lymphoma is grossly 
characterized by nodular, tan-pink, fl eshy cut surface       
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  Fig. 11.12    Diffuse large B-cell lymphoma (DLBL). The tumor is 
composed of sheets ( a ,  b ) or cords ( c ) of large, markedly atypical lym-
phoid cells with high mitotic activity, irregular nuclear contours, and 

indistinct cell membranes ( d ,  e ). Stromal hyalinization is also a com-
mon feature of ovarian DLBL ( c )       
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      Metastatic Tumors of Ovary       

                Introduction 

 Metastatic tumors account for up to 15 % of ovarian malig-
nancies in western countries [ 1 ,  2 ] and may present a signifi -
cant diagnostic challenge during intraoperative frozen 
section consultation. The primary site is most commonly 
located in the gastrointestinal tract, with approximately 30 % 
of cases originating from the colon, followed by appendi-
ceal, gastric, and pancreatobiliary primaries [ 3 ,  4 ]. Among 
non-gastrointestinal primaries, breast cancer is the most fre-
quent source of ovarian metastases [ 3 ,  5 ], which may also be 
an incidental fi nding in prophylactic or therapeutic oopho-
rectomy specimens. Metastatic endometrial and cervical car-
cinomas to the ovary occur at a lower frequency and generally 
have less severe implications on the intraoperative manage-
ment at the time of frozen section compared to other meta-
static sites. While comprehensive surgical staging is typically 
performed for primary ovarian malignancies, gynecologic 
staging surgery is unnecessary for extragenital primary 
tumors metastatic to the ovary. Intraoperative frozen section 
evaluation plays a critical role in this distinction and there-
fore guides the extent of surgery. 

 The most important fi rst step in assessing the origin of 
tumor—primary versus metastatic—is thorough review of 
the patient’s clinical history. However, the primary tumor 
may be occult and the metastasis may precede the diagnosis 
of primary tumor. In one study, 51 % of ovarian metastases 
of gastrointestinal origin were diagnosed prior to the discov-
ery of the primary tumor [ 3 ]. The median age of patients 
with ovarian metastases is 53–55 years [ 4 ,  5 ], although 
patients with Krukenberg tumor typically present earlier 
(average age: 45 years) [ 6 ]. The clinical presentation may be 
similar to primary ovarian tumors—pelvic pain and mass 
effect, and rarely even hormonal (androgenic or estrogenic) 
manifestations, due to functioning stroma [ 6 ]. The macro-
scopic features may be helpful, as bilaterality, tumor size 

under 10 cm, ovarian surface involvement, and multinodular 
growth pattern are more common in metastatic tumors [ 7 ]; 
however, exceptions do occur. On microscopic examination, 
extensive lymphovascular invasion and ovarian hilus involve-
ment are generally in favor of metastatic carcinoma. 
Comparison with the patient’s known primary should be 
made if the prior specimen is available at the time of frozen 
section, although the histological features at the metastatic 
site may slightly be different from those of the primary 
tumor. For example, mucinous tumors metastatic to the ovary 
may demonstrate a “maturation phenomenon,” mimicking a 
primary benign or borderline ovarian mucinous tumor [ 8 ]. 
Cystic growth pattern may be encountered in the ovarian 
metastasis, even when the primary tumor is predominantly 
solid [ 6 ]. 

 The frozen section diagnosis—especially in diffi cult or 
equivocal cases—should not be made in isolation without 
intraoperative discussion with the surgeon. If only one ovary 
is received for frozen section, the surgeon should be inquired 
about the appearance of the other ovary and about the possi-
bility of bilaterality, especially if dealing with a mucinous 
tumor. If a metastasis is suspected, intraoperative surgical 
evaluation of the pelvis and abdomen and sampling from any 
additional pelvic or intra-abdominal—intestinal, appendi-
ceal, or gastric—lesions or enlarged intra-abdominal lymph 
nodes may be helpful. Intraoperative identifi cation of pseu-
domyxoma peritonei by the surgeon or presence of extracel-
lular mucinous material on the ovarian surfaces strongly 
favors appendiceal primary. Appendectomy is usually per-
formed in this scenario even if the appendix appears grossly 
unremarkable. 

 Metastases to other gynecologic organs occur less com-
monly and may involve vagina, vulva, uterine cervix, endo-
metrium, and fallopian tube—in decreasing order of 
frequency [ 5 ]. Metastatic tumors may mimic primaries at 
these sites and may be easily misinterpreted, especially due 
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to their rare occurrence. Unusual morphologic features—e.g., 
intestinal-type differentiation with goblet cells or extensive 
lymphovascular invasion—should raise suspicion for a pos-
sible metastatic origin. 

 This chapter summarizes the clinical, gross, and  microscopic 
features and site-specifi c key intraoperative consultation issues 

of the most common metastatic tumors—intestinal, signet-ring 
cell, pancreatobiliary and appendiceal adenocarcinomas, and 
breast and gynecologic primaries—involving the ovary. 
Metastases from other primary sites—lung, urinary tract, mel-
anoma, and sarcomas—occur rarely, and their clinical and his-
topathologic features depend largely on the primary tumor site.  
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    Gastrointestinal Tract 

    Intestinal Adenocarcinoma 

•     Clinical and gross features
 –    Most frequent tumor type among ovarian metastases.  
 –   May have functioning ovarian stroma.  
 –   Most common primary site is rectosigmoid (77 %), 

followed by cecum (9 %), ascending colon (9 %), and 
descending colon (5 %) [ 9 ].  

 –   Often bilateral, with a solid, or solid and cystic tan- 
yellow, or gray cut surface (Fig.  12.1 ).

 –      Ovarian surface involvement and multinodular growth 
pattern are commonly seen.  

 –   Necrosis and hemorrhage are common.     
•   Microscopic features (Fig.  12.2 )

 –     Variably sized, often cystic, irregular glands.  
 –   Cribriform architecture may be seen.  
 –   “Dirty necrosis”—eosinophilic necrotic debris with 

karyorrhexis—within the gland lumens or surrounded 
by glandular epithelium in a garland pattern.  

 –   Moderate to severe nuclear atypia.  
 –   Rare mucin-containing goblet cells.  
 –   Infi ltrative growth at least focally with desmoplastic 

stromal reaction.     
•   Differential diagnosis

 –    Primary ovarian mucinous adenocarcinoma  
 –   Primary ovarian endometrioid adenocarcinoma  
 –   Sertoli-Leydig cell tumor with mucinous heterologous 

elements     
•   Diagnostic pitfalls/key intraoperative consultation issues

 –    The ovarian metastasis may precede the diagnosis of 
colonic primary.

•    Patients presenting with ovarian metastasis fi rst 
tend to be younger compared with those who have a 
known colonic primary (mean age 48 versus 61 
years, respectively) [ 10 ].     

 –   Bilaterality, size <10 cm, ovarian surface involvement, 
multinodular growth pattern, and infi ltrative growth 
with desmoplastic stromal reaction favor metastasis 
over ovarian primary (see Chap.   8    , Table   8.1    ).  

 –   Metastatic colorectal carcinomas may have a function-
ing ovarian stroma with androgen or estrogen 
production.  

 –   Distinction between primary ovarian mucinous adeno-
carcinoma and metastatic colorectal carcinoma may 
not be possible at the time of frozen section especially 
in the absence of a known primary.
•    It is important to correctly identify mucinous dif-

ferentiation and raise the possibility of a metastasis, 
as it gives the opportunity for thorough intraopera-
tive surgical evaluation of the abdominal cavity—
including intestines—and possibly additional 
sampling.     

 –   Metastatic intestinal/colorectal carcinoma may also 
mimic primary endometrioid adenocarcinoma of the 
ovary.
•    Most helpful distinctive microscopic feature of 

endometrioid adenocarcinoma is squamous differ-
entiation, which is absent in intestinal-type 
adenocarcinomas.  

•   If only one ovary is sent for frozen section, the sur-
geon should be inquired about the appearance of the 
other ovary and the possibility of bilaterality.     

 –   Association with mature teratoma favors ovarian 
primary.        

a b

  Fig. 12.1    Metastatic colorectal adenocarcinoma. Note the predominantly cystic ( a ) or solid, tan-pink, and multinodular cut surface ( b )       
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  Fig. 12.2    Metastatic colorectal adenocarcinoma. Note the variably 
sized, irregular, and cystically dilated glands ( a ) with intraluminal 
necrotic debris ( b ) and moderate to severe nuclear atypia ( c ). Goblet 

cells are present but often are few in number ( c ). Stromal infi ltration 
with desmoplastic reaction ( d ) and single cell infi ltrative pattern ( e ) are 
helpful microscopic features       
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    Metastatic Adenocarcinoma with Signet-Ring 
Cells/Krukenberg Tumor 

•     Clinical and gross features
 –    The primary tumor is located in the stomach (often 

pylorus) in approximately 70 % of cases, less 
 commonly in the colorectum, appendix, breast, and 
pancreatobiliary system [ 6 ,  11 ].  

 –   Often presents in young patients, the average age is 
45 years [ 11 ].  

 –   May have functioning ovarian stroma resulting in 
endocrine manifestations.  

 –   Other symptoms may include abdominal swelling or 
pain.  

 –   Ascites has been reported in over 40 % of cases [ 11 ].  
 –   At least 80 % of tumors are bilateral [ 6 ].  
 –   Average tumor size is 10.4 cm, with most tumors 

 falling between 5 and 20 cm [ 11 ].  
 –   Irregular ovarian surface, often involved by tumor.  
 –   Cut surface is most often solid, tan-yellow or white, 

and multinodular; may also be fi rm or soft and gelati-
nous—depending on the mucin content and proportion 
of fi brous stroma (Fig.  12.3 ).

 –      Hemorrhage may be seen; necrosis is not common.     
•   Microscopic features (Fig.  12.4  stomach, Fig.  12.5  colon, 

Fig.  12.6  breast)
 –       Low magnifi cation may show a pseudo-lobular pattern 

with alternating hyper- and hypocellular—edema-
tous—areas or diffusely cellular dense stroma.  

 –   Signet-ring cells infi ltrate individually, or form small 
clusters, diffuse sheets or small tubular structures.
•    Eccentric nuclei with abundant basophilic, 

 eosinophilic, or clear cytoplasm  
•   Variable nuclear pleomorphism and mitotic activity, 

but most often only mild atypia and relatively low 
mitotic rate     

 –   Extracellular mucin pools may be present.  
 –   Stroma may be prominent and may contain luteinized 

cells.     
•   Differential diagnosis

 –    Benign stromal tumors of ovary: fi broma, cellular 
fi broma, thecoma, sclerosing stromal tumor, and 
signet- ring stromal tumor  

 –   Stromal hyperplasia/hyperthecosis  
 –   Sertoli-Leydig cell tumor (versus tubular Krukenberg 

tumor)  
 –   Goblet cell (mucinous) carcinoid     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Signet-ring cells may be missed on low magnifi cation 

in the background of a densely cellular stroma.  
 –   High magnifi cation assessment is recommended 

before the diagnosis of fi broma/fi brothecoma is made, 
to rule out metastatic signet-ring cell carcinoma.  

 –   Krukenberg tumors are very often bilateral (~80 % of 
cases), whereas bilaterality is rare among benign 
 ovarian stromal and sex cord—stromal tumors; only 
approximately 8 % of ovarian fi bromas are bilateral.        

a b

  Fig. 12.3    Krukenberg tumor/metastatic signet-ring cell carcinoma ( a ,  b ). Note the characteristic solid, tan-yellow, multinodular, and often gelati-
nous ( b ) gross appearance       
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  Fig. 12.4    Krukenberg tumor/metastatic signet-ring cell carcinoma 
from a gastric primary. Low magnifi cation reveals a pseudo-lobular pat-
tern with alternating hypo- and hypercellular areas ( a ). Densely cellular 
ovarian stroma may mimic an ovarian stromal tumor ( b ). Scattered indi-

vidual tumor cells with relatively bland, small, eccentrically located 
nuclei and abundant pale basophilic or eosinophilic cytoplasm infi ltrate 
the stroma ( c – e ). Less often marked nuclear atypia and brisk mitotic 
activity may be seen ( f )       
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  Fig. 12.5    Krukenberg tumor/metastatic signet-ring cell carcinoma from a colonic primary ( a – c ). Signet-ring cells are forming small clusters and 
tubules. Abundant extracellular mucin is also present       

  Fig. 12.6    Metastatic signet-ring cell carcinoma from a breast primary. 
Metastatic lobular carcinoma of the breast may have signet-ring cell 
morphology infi ltrating the ovarian stroma in single cell fi les       
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    Pancreatobiliary Adenocarcinomas 

•     Clinical and gross features
 –    Relatively uncommon metastatic tumor in the ovary.  
 –   Mean patient age is 58–59 years [ 12 ,  13 ].  
 –   Most often bilateral (>80 % of cases).  
 –   Mean tumor size is around 10 cm [ 12 ,  13 ].  
 –   Cut surface may be solid or multiloculated cystic 

(Fig.  12.7a  pancreas, Fig.  12.7b  gallbladder).
 –      Nodular growth pattern and surface involvement are 

common.     
•   Microscopic features (Figs  12.8  pancreas, Figs.  12.9  

gallbladder)
 –      Variably sized neoplastic glands, often forming cystic 

structures.  
 –   Areas mimicking a mucinous cystadenoma or muci-

nous borderline tumor are common (“maturation 
phenomenon”).
•    Nuclear atypia may show a wide range from mini-

mal to severe within the same tumor.     
 –   Intraluminal and extracellular stromal mucin may be 

abundant.  
 –   Infi ltrative growth pattern with desmoplastic stroma.

•    Single tumor cell infi ltration.  
•   Signet-ring cells may be seen.        

•   Differential diagnosis
 –    Primary ovarian mucinous tumors: mucinous cystade-

noma, borderline (atypical proliferative) mucinous 
tumor, and mucinous carcinoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Metastatic pancreatobiliary adenocarcinomas may 

have a deceptively bland morphology and a cystic 
growth pattern, mimicking a benign or borderline 
(atypical proliferative) primary ovarian mucinous 
tumor.  

 –   Multiple blocks may need to be sampled for frozen 
section to identify areas with infi ltrative growth and/or 
signifi cant cytological atypia.  

 –   Morphologic comparison with the patient’s known 
 primary tumor—if slides are available—should be 
made.  

 –   Bilaterality favors metastasis over primary ovarian 
mucinous tumor.  

 –   Association with mature teratoma favors ovarian 
primary.        

    Appendiceal Tumors 

•     Most tumors with ovarian involvement are  low-grade 
mucinous neoplasms.   

•   Less commonly primary, appendiceal intestinal-type ade-
nocarcinomas, high-grade mucinous adenocarcinomas, 
signet-ring cell carcinomas, and mucinous (goblet cell) 
carcinoid tumors may also spread to the ovary.  

•   Metastatic intestinal-type and signet-ring cell 
 adenocarcinomas are discussed earlier in this chapter.     

a b

  Fig. 12.7    Metastatic pancreatobiliary adenocarcinomas of the ovary. Note the multiloculated cystic ( a ) or predominantly solid, tan-yellow ( b ) cut 
surface       
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  Fig. 12.8    Metastatic pancreatic adenocarcinoma. The tumor forms 
variably sized mucinous glands, which are often cystic and may mimic 
a primary ovarian—benign or borderline—mucinous tumor ( a ,  b ). 
Presence of stromal infi ltration by small clusters or individual tumor 

cells is a helpful diagnostic clue ( a ,  arrow ;  b ,  c ). Desmoplastic stromal 
response and extracellular mucin pools may be seen ( d ). The nuclear 
atypia may be deceptively minimal ( e )       

 

Gastrointestinal Tract



296

a

c

b

  Fig. 12.9    Metastatic gallbladder carcinoma. Note the irregular, variably sized glands, with intraluminal necrosis ( a ) or mucinous material ( b ). 
Occasional signet-ring cells and extracellular mucin are also seen ( c )       
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    Low-Grade Appendiceal Mucinous Neoplasm 
(LAMN) 

•     Clinical and gross features
 –    Mean patient age is around 50 years [ 14 ,  15 ].  
 –   Most patients present with symptoms related to 

 ovarian metastases—pelvic mass/pain, increased 
abdominal girth, and the appendiceal mass is usually 
discovered synchronously.  

 –   Often associated with pseudomyxoma peritonei 
(see Chap.   13    ).  

 –   Frequent bilateral ovarian involvement and predomi-
nance of right-sided involvement among unilateral 
cases [ 14 ,  15 ].  

 –   Mean tumor size is 16 cm [ 14 ].  
 –   The cut surface is typically multiloculated, cystic with 

tan-gray mucoid appearance (Fig.  12.10a ).
•     Ovarian surface involvement is common.     

 –   The appendix is grossly abnormal in most cases with a 
dilated tip fi lled with mucus (Fig.  12.10b ).
•    Rupture and surface involvement may be grossly 

apparent.        
•   Microscopic features (Fig.  12.11 )

 –     Cystic glands lined by fl at or undulating mucinous 
epithelium.  

 –   Abundant basophilic mucinous material is seen within 
the cystic gland lumens and spilling into/dissecting the 
ovarian stroma (“pseudomyxoma ovarii”), and is often 
also present on the ovarian surface.  

 –   Tall columnar tumor cells with bland, relatively 
 uniform basally located nuclei.  

 –   Abundant pale eosinophilic or basophilic cytoplasm.  
 –   Goblet cells are present in variable proportions.  
 –   No signifi cant mitotic activity.     

•   Differential diagnosis
 –    Primary ovarian mucinous borderline (atypical 

 proliferative) tumor and mucinous cystadenoma     
•   Diagnostic pitfalls/key intraoperative consultation 

issues
 –    Presence of pseudomyxoma peritonei, bilaterality, and 

ovarian surface involvement favor metastasis over 
ovarian primary.  

 –   Subepithelial clefts, scalloped glands, and pseudo-
myxoma ovarii have been found more commonly in 
metastatic LAMN than in primary ovarian mucinous 
borderline (atypical proliferative) tumors [ 16 ].  

 –   Association with a mature teratoma favors ovarian 
primary.
•    Teratoma-associated primary mucinous ovarian 

tumors may show morphologic features similar to 
LAMN and may present with pseudomyxoma 
peritonei.     

 –   The surgeon should be inquired about the intraopera-
tive fi ndings:
•    Pseudomyxoma peritonei  
•   Gross appearance of the appendix  
•   Gross appearance of the other ovary and the 

 possibility of bilaterality (if only one ovary was sent 
for frozen section)     

 –   Appendectomy and frozen section evaluation of the 
appendix should be considered even in the absence of 
obvious gross abnormalities.         

a b

  Fig. 12.10    Metastatic low-grade appendiceal mucinous neoplasm. The tumor typically appears as a multiloculated, cystic ovarian mass, fi lled 
with thick mucinous contents ( a ). The appendix is abnormally dilated due to the primary tumor ( b )       
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  Fig. 12.11    Metastatic low-grade appendiceal mucinous neoplasm. 
The tumor microscopically appears as cystic structures fi lled with abun-
dant basophilic mucinous material ( a ,  b ) and lined by fl at or undulating 
mucinous epithelium ( a ,  b ). Mucin extravasation—pseudomyxoma 

ovarii is often seen ( c ). The tumor cells are relatively uniform with 
basally located nuclei and abundant mucinous cytoplasm ( d ). Goblet 
cells are usually numerous ( c ,  d )       
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    Breast 

•     Clinical and gross features
 –    Most patients have known breast cancer.  
 –   Often found incidentally in prophylactic and therapeu-

tic salpingo-oophorectomy specimens.  
 –   In rare cases, the ovarian metastasis may be symptom-

atic and precedes the diagnosis of breast primary [ 17 ].  
 –   Median time between breast cancer diagnosis and 

ovarian metastasis was 5 years in a recent study [ 18 ]  
 –   The metastatic tumors are often bilateral and small 

(<5 cm in size)  
 –   Cut surface is solid, tan-white, or yellow and may 

appear multinodular (Fig.  12.12 .)
•     Small incidental metastatic tumors may have 

 normal gross appearance.        
•   Microscopic features (Fig.  12.13 )

 –     Although the frequency of ovarian metastases is higher 
among invasive lobular carcinomas (ILC) than  invasive 
ductal carcinomas (IDC) [ 19 ], most metastatic breast 
carcinomas in the ovary are of ductal histological type 
due to the much higher incidence of IDC.  

 –   Metastatic ductal carcinomas may have a solid, micro-
papillary, cribriform, or glandular pattern with variable 
degree of tubule formation.
•    The tumor cells most often show moderate to severe 

nuclear atypia and high nuclear to cytoplasmic 
ratio.     

 –   Metastatic lobular carcinomas typically show single 
cell spread haphazardly or arranged in linear cords.
•    May appear as diffuse sheets of tumor cells.  
•   Eccentric small nuclei often with only mild to mod-

erate atypia.  

•   Intracytoplasmic lumens with “targetoid” secre-
tions may be seen.  

•   Less often signet-ring cell features are present 
(See Krukenberg tumor, Fig.  12.6 ).        

•   Differential diagnosis
 –    Primary ovarian carcinomas—high-grade serous 

 carcinoma and endometrioid adenocarcinoma  
 –   Adult granulosa cell tumor  
 –   Lymphoma     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    In most cases, the breast cancer diagnosis precedes the 

ovarian metastasis, although the time interval between 
the primary and metastatic tumor may be quite long 
(up to 20 years) [ 18 ].
•    Clinical history of breast cancer may not be 

 provided at the time of frozen section, especially if 
the clinical suspicion for a primary ovarian tumor is 
high.  

•   The surgeon should be inquired about the clinical 
history and intraoperative fi ndings—gross 
 appearance of the other ovary and the possibility of 
bilaterality (if only one ovary was sent for frozen 
section).     

 –   Metastatic lobular carcinoma with diffuse growth 
 pattern may mimic adult granulosa cell tumor or a 
lymphoproliferative process at low magnifi cation.
•    Presence of larger cytoplasm and intracytoplasmic 

vacuoles on higher magnifi cation can help to rule 
out the above entities.     

 –   Morphologic comparison with the patients known 
 primary—if the slides are available—should be 
pursued.        

a b

  Fig. 12.12    Metastatic breast carcinoma macroscopically appears as a solid, tan-yellow or tan-white, multinodular mass ( a ,  b )       
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  Fig. 12.13    Metastatic breast carcinoma, microscopic features. 
Metastatic ductal carcinoma has variable degree of tubule formation 
and moderate to severe nuclear atypia ( a ,  b ). Intraluminal necrotic 
debris is also seen ( b ). The tumor cells in metastatic lobular carcinoma 

may be diffusely “sprinkled” in the ovarian stroma ( c ,  d ) or may be 
arranged in single cell fi les ( e ). The nuclei are typically small with mild 
to moderate atypia ( d – f ). Intracytoplasmic targetoid secretions may be 
seen ( f ,  arrow )       
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    Gynecologic Organs 

    Cervical Adenocarcinoma, Usual Type 

•     Clinical and gross features
 –    Ovarian metastases from cervical carcinomas are 

uncommon: approximately 5 % of cervical adenocar-
cinomas and less than 1 % of cervical squamous cell 
carcinomas spread to the ovary [ 20 ].  

 –   The primary endocervical tumor may be small or may 
lack unequivocal stromal invasion [ 21 ].
•    Ovarian mass may be the fi rst clinical presentation 

of an unsuspected cervical adenocarcinoma.     
 –   The mean size of ovarian metastasis is 12.7 cm [ 21 ].  
 –   Unilateral in more than half of the cases.  
 –   Cut surface is often cystic and may contain viscous/

mucoid material (Fig.  12.14 ).
•         Microscopic features (Fig.  12.15 )

 –     Most often the tumor shows expansile growth; infi ltra-
tive stromal invasion is rare.  

 –   Confl uent glandular, villoglandular, or cribriform 
architectural pattern.
•    Sharply angulated tips of the villoglandular struc-

tures are characteristic.     
 –   Columnar endocervical-type glandular cells with moder-

ate amount of pale basophilic or eosinophilic cytoplasm.  
 –   Moderate nuclear atypia, nuclear hyperchromasia, and 

crowding, small nucleoli.  
 –   Frequent mitotic fi gures, located in the apical portion 

of cells—“jumping mitoses.”  
 –   Abundant karyorrhectic debris at the basal portion of 

tumor cells.     

•   Differential diagnosis
 –    Ovarian mucinous borderline (atypical proliferative) 

tumor  
 –   Ovarian endometrioid borderline (atypical prolifera-

tive) tumor  
 –   Primary ovarian mucinous carcinoma  
 –   Primary ovarian endometrioid adenocarcinoma     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    The tumor growth pattern on low magnifi cation may 

mimic ovarian mucinous and endometrioid borderline 
tumors.  

 –   The endocervical primary may be occult.
•    Gross and microscopic examination of the uterine 

cervix should be performed if the hysterectomy 
specimen was also received for frozen section.     

 –   Apical mitotic fi gures and basal apoptotic bodies 
are characteristic of usual type endocervical 
adenocarcinoma.        

    Endometrial Adenocarcinoma 

•     Endometrial and ovarian involvement by endometrioid or 
serous carcinoma may represent synchronous indepen-
dent primaries or ovarian metastasis from the endometrial 
primary and vice versa.

 –    Distinction between these possibilities is often 
impossible at the time of frozen section and is 
usually not critical for the intraoperative surgical 
management.     

•   Detailed histological features of endometrial adenocarci-
nomas are discussed in Chap.   4    .         

  Fig. 12.14    Metastatic endocervical adenocarcinoma. The tumor shows 
a cystic cut surface with solid, irregular intraluminal growth and thick, 
viscous fl uid contents       
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  Fig. 12.15    Metastatic endocervical adenocarcinoma. The tumor dem-
onstrates confl uent glandular proliferation ( a ) with sharply angulated 
tips of the glandular/villoglandular structures ( b ,  arrows ). Expansile 
growth pattern without stromal reaction is most common ( c ). Moderate 

nuclear atypia, hyperchromasia, crowding, and numerous apically 
located mitotic fi gures are seen on high magnifi cation ( d ,  e ). Frequent 
apoptotic bodies are also characteristic ( e ,  arrows )       
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      Peritoneum       

                Introduction 

 Peritoneal biopsies are often performed and sent for 
frozen section evaluation during gynecologic surgeries. 
Intraoperative assessment of peritoneal surfaces is an inte-
gral part of surgical staging procedure for gynecologic 
malignancies. Peritoneal/omental nodules are usually more 
easily accessible at the beginning of the surgical procedure 
than other pelvic/gynecologic organs, and the frozen section 
diagnosis provides guidance for the type and extent of the 
surgery. While the peritoneum is often involved by various 
benign and malignant tumors originating from the gyneco-
logic tract, tumors of other histogenetic origins and reactive 
conditions also occur and may pose a signifi cant diagnostic 
challenge on frozen section.  

    Mullerian Epithelial Tumors 

•     Serous tumors—serous borderline (atypical proliferative) 
tumor, low-grade and high-grade serous carcinoma—may 
arise from the peritoneum as a primary site, and their his-
tological features and diagnostic criteria are essentially 
identical to those of ovarian origin. (See Chap.   8    —for 
detailed clinicopathologic features.)  

•   Primary ovarian serous tumors often show peritoneal 
involvement—implants of serous borderline (atypical 
proliferative) tumor or carcinoma.
 –    The primary tumor site—ovarian versus peritoneal—

often cannot be determined based on a small peritoneal 
biopsy alone.  

 –   There is no signifi cant difference in intraoperative sur-
gical management between primary ovarian and peri-
toneal serous tumors.     

•   Recognition of atypical/neoplastic nature of the process 
and serous (Mullerian) histological subtype are the most 
important for clinical management at the time of frozen 
section.  

•   Various nonneoplastic/reactive and neoplastic mimics 
exist and will be discussed in detail in this chapter.     
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    Mesothelial Tumors 

    Malignant Mesothelioma 

•     Clinical features
 –    Majority of patients are male with history of occupa-

tional asbestos exposure [ 1 ].  
 –   Most common location is pleura, while peritoneal 

mesothelioma represents only 10–30 % of cases [ 1 ,  2 ].  
 –   Female patients with peritoneal mesothelioma less 

often have history of asbestos exposure and present at 
a mean age of 47.4 years (range 17–92 years) [ 3 ].  

 –   Most common clinical presentation of peritoneal 
mesothelioma includes pelvic mass/pain, ascites, and 
increased abdominal girth, although it may also be an 
incidental fi nding [ 3 ,  4 ].     

•   Gross pathology
 –    Diffuse involvement of peritoneal surfaces by nodules, 

plaques, or papillary excrescences [ 3 ]     
•   Microscopic features (Fig.  13.1 )

 –     Epithelioid cells arranged in tubular, papillary, or solid 
architectural patterns—often multiple patterns within 
the same tumor.
•    Compressed tubular structures may resemble a 

reticular pattern.     
 –   Polygonal or round tumor cells with moderate amount 

of eosinophilic cytoplasm.
•    “Hobnail” and “cobblestone” appearance may be 

seen.     
 –   Mild to moderate atypia in most cases; rarely severe 

nuclear atypia.  
 –   Mitotic activity is usually low; less than 5/10 high-

power fi eld in most tumors [ 3 ].  
 –   Pale basophilic material may be seen in the lumen of 

tubules or within the cytoplasm.  
 –   Stromal infi ltration is usually present; desmoplastic 

response may be seen.  
 –   Stroma may be hyalinized or less often myxoid.  

 –   Psammomatous calcifi cations may be present.  
 –   Rare histological variants—sarcomatoid, deciduoid, 

signet- ring cell, and multicystic—are also known to 
occur.     

•   Differential diagnosis
 –    Mullerian serous tumors—high-grade and low-grade 

serous carcinoma, serous borderline (atypical prolif-
erative) tumor  

 –   Metastatic carcinomas from other primaries  
 –   Well-differentiated papillary mesothelioma  
 –   Reactive mesothelial hyperplasia     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Malignant mesothelioma in women is much less com-

mon than Mullerian serous tumors.  
 –   The surgeon should be inquired about the intraopera-

tive gross appearance of the lesion: a small, 
solitary nodule favors well-differentiated papillary 
mesothelioma.
•    The biopsy sent for frozen section is often small, 

and the histological features may be misleading 
without knowledge of the clinical context and gross 
appearance/extent of disease.     

 –   The mitotic activity is usually higher and the nuclear 
pleomorphism is more severe in high-grade serous car-
cinomas, compared with malignant mesothelioma.  

 –   Intraluminal and intracytoplasmic basophilic material 
may be seen in mesotheliomas, but it is not a feature of 
Mullerian serous tumors.  

 –   Desmoplastic and/or myxoid stromal reaction and 
intraluminal basophilic material may mimic metastatic 
adenocarcinoma, especially from gastrointestinal or 
pancreatobiliary primaries.  

 –   Defi nitive diagnosis of malignant mesothelioma on 
frozen section (i.e., on morphology alone, without 
ancillary studies) may be very challenging; however, 
based on the clinical and gross features and micro-
scopic characteristics of tumor, the possibility of 
mesothelioma should be raised.        
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  Fig. 13.1    Malignant mesothelioma. Note the plaque-like growth on 
the peritoneal surface ( a ) with papillary ( b ,  c ) and reticular ( d ) architec-
ture. Pale basophilic intraluminal material ( b ,  c ) and myxoid stroma ( d ) 

may be seen. The cells show mild to moderate atypia and “hobnail” or 
“cobblestone” appearance ( e ,  f )       
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    Well-Differentiated Papillary Mesothelioma 

•     Clinical features
 –    Most common in females, median age is 47 years 

[ 5 ,  6 ].  
 –   Most often an incidental fi nding during surgery.     

•   Gross pathology
 –    Usually presents as a solitary or multiple small 

nodule(s), less than 2 cm in size [ 6 ]     
•   Microscopic features (Fig.  13.2 )

 –     Papillary or tubulo-papillary architecture.  
 –   Single layer of fl at or cuboidal, bland mesothelial cells.  
 –   No signifi cant atypia or mitotic activity.  
 –   Lack of stromal infi ltration.  
 –   Psammoma bodies may be seen.     

•   Differential diagnosis
 –    Malignant mesothelioma  
 –   Mullerian serous tumors—low-grade serous carci-

noma and serous borderline (atypical proliferative) 
tumor     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Well-differentiated papillary mesothelioma typically 

shows a benign clinical course.
•    Rare cases may recur or have a more aggressive 

clinical behavior [ 6 – 8 ].     
 –   Intraoperative gross appearance of the lesion is very 

helpful: malignant mesothelioma is typically diffuse, 
nodular, or plaque-like, whereas well-differentiated 
papillary mesothelioma presents as a small, solitary 
nodule.  

 –   Signifi cant nuclear atypia and apparent mitotic activity 
are in favor of malignant mesothelioma.  

 –   Stromal invasion is typically present in malignant 
mesothelioma but not in well-differentiated papillary 
mesothelioma.  

 –   Low-grade serous tumors—low-grade carcinoma and 
serous borderline (atypical proliferative) tumor—typi-
cally show more pronounced epithelial proliferation, 
multiple cell layers, and tufting, compared with well- 
differentiated papillary mesothelioma.         

a b

c d

  Fig. 13.2    Well-differentiated papillary mesothelioma. The tumor has papillary architecture on low magnifi cation ( a ,  b ) without epithelial strati-
fi cation or tufting. The papillae are lined by fl at or cuboidal, bland mesothelial cells ( c ,  d )       

 

13 Peritoneum



309

    Mesenchymal Tumors 

    Leiomyomatosis Peritonealis Disseminata 

•     Rare, benign lesion  
•   Multiple small nodules on the peritoneal surfaces and 

omentum  
•   Composed of bland smooth muscle cells, histologically 

similar to uterine leiomyomas [see Chap.   5    ]
 –    No signifi cant nuclear atypia or mitotic activity     

•   Differential diagnosis: gastrointestinal stromal tumor, 
leiomyosarcoma; other benign and malignant spindle cell 
proliferations
 –    See Chap.   5     for detailed histological features and 

 differential diagnosis of smooth muscle tumors.        

    Gastrointestinal Stromal Tumor (GIST) 

•     Clinical features
 –    Gastrointestinal stromal tumors may present—primar-

ily or on recurrence—as an omental, mesenteric, or 
retroperitoneal mass [ 9 – 11 ].  

 –   Most common in middle-aged adults; median age 
of patients with omental presentation is around 
60 years [ 9 ].  

 –   Patients may present with abdominal mass/pain or it 
may be an incidental fi nding during surgery.     

•   Gross pathology (Fig.  13.3 )
 –     Single or multiple masses, with a gray-tan or yellow-

ish, predominantly solid cut surface.  
 –   May be attached to stomach or small intestine or there 

may not be evidence of gastrointestinal tract 
involvement.  

 –   Median tumor size is 14 cm [ 9 ].  
 –   Necrosis, hemorrhage, or cystic change may be seen.     

•   Microscopic features (Fig.  13.4 )
 –     The most common histological pattern is spindle cell, 

followed by epithelioid and mixed spindle and 
 epithelioid patterns.  

 –   Signifi cant nuclear pleomorphism is relatively 
 uncommon, more often seen in epithelioid tumors.  

 –   Cellularity is variable.  
 –   Nuclear palisading and perinuclear vacuoles may be 

seen.  
 –   Mitotic activity is highly variable.  
 –   Myxoid change may be seen.  
 –   Necrosis and hemorrhage may be present.  
 –   Infi ltration of peritumoral fat may occur.     

•   Differential diagnosis
 –    Leiomyoma  
 –   Leiomyosarcoma  
 –   Metastatic carcinoma  
 –   Solitary fi brous tumor  
 –   Infl ammatory myofi broblastic tumor  
 –   Fibromatosis     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Degree of atypia and mitotic activity are usually lower 

than those of malignant smooth muscle tumors.  
 –   Defi nitive diagnosis may be very challenging on 

 frozen section and a descriptive diagnosis of “spindle 
cell lesion, fi nal classifi cation deferred for permanent 
sections” can be made, or a smooth muscle tumor or 
GIST may be favored, depending on the morphologic 
features and level of diagnostic certainty.  

 –   Epithelioid GIST may demonstrate signifi cant nuclear 
pleomorphism, mimicking metastatic carcinoma.
•    Clinical history of prior epithelial malignancy 

should raise suspicion for metastatic carcinoma.  
•   Identifi cation of a spindle cell component may raise 

the possibility of GIST; sampling multiple blocks 
for frozen section may be helpful.            

  Fig. 13.3    Gastrointestinal stromal tumor (GIST) presenting as an 
omental mass, forming multiple solid and cystic nodules within the 
fi broadipose tissue       
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  Fig. 13.4    Gastrointestinal stromal tumor (GIST). The tumor most often shows a spindle cell pattern ( a ,  b ), occasionally with nuclear palisading 
( c ,  d ). Epithelioid GIST may have myxoid change and signifi cant nuclear atypia ( e ,  f ), mimicking carcinoma       

 

13 Peritoneum



311

    Tumors of Uncertain Histogenesis 

    Desmoplastic Small Round Cell Tumor (DSRCT) 

•     Clinical features
 –    Rare malignant tumor typically occurring in 

 adolescents or young adults [ 12 ,  13 ].  
 –   Male predominance [ 13 ].  
 –   Most patients present with abdominal mass/pain.     

•   Gross pathology (Fig.  13.5 )
 –     Multiple, variably-sized tumor nodules (mean size: 

10 cm) [ 13 ].  
 –   Cut surface is solid, fi rm, multilobulated, and gray-white.  
 –   Necrosis, hemorrhage, and cystic change may be 

seen [ 14 ].     
•   Microscopic features (Fig.  13.6 )

 –     Sharply demarcated islands or sheets of small round 
blue cells in a desmoplastic stroma.  

 –   Uniform, round to ovoid, hyperchromatic nuclei and 
inconspicuous nucleoli.  

 –   Less commonly gland-like and rosette-like structures 
and peripheral palisading may be seen.  

 –   High mitotic activity.  

 –   Scant, ill-defi ned cytoplasm.  
 –   Single cell—or geographic necrosis     

•   Differential diagnosis
 –    Other small round blue cell tumors, i.e., rhabdomyo-

sarcoma, Ewing sarcoma, neuroblastoma, and 
lymphomas  

 –   Small cell carcinoma of ovary, hypercalcemic, and 
pulmonary types     

•   Diagnostic pitfalls/key intraoperative consultation 
issues
 –    Location and distribution of tumor nodules is helpful 

in ruling out a primary ovarian tumor.
•    Intraoperative evaluation of ovaries by the surgeon 

is recommended.  
•   Rare cases with ovarian involvement may mimic an 

ovarian primary [ 15 ].     
 –   Defi nitive diagnosis of DSRCT typically requires 

ancillary studies—immunohistochemistry, cytogenet-
ics, or molecular methods; frozen section diagnosis of 
“small round blue cell tumor, fi nal classifi cation is 
deferred for permanent sections” is usually suffi cient 
to guide intraoperative management.
•    Fresh tissue should be triaged for ancillary studies.            

  Fig. 13.5    Desmoplastic small round cell tumor. Note the solid, cen-
trally cystic, and hemorrhagic tumor involving fi broadipose tissue       
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  Fig. 13.6    Desmoplastic small round cell tumor. The tumor cells are 
forming islands in a desmoplastic stroma ( a ). Focal necrosis is often 
present ( a ,  left side of image ). Relatively uniform, round to oval nuclei 

and scant cytoplasm are characteristic ( b ,  c ). Rosette-like structures 
may be seen ( c )       
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    Metastatic Tumors 

    Pseudomyxoma Peritonei 

•     Peritoneal involvement by abundant brown-yellow 
 mucinous material (Fig.  13.7 ).

•      Most often the primary tumor is a low-grade appendiceal 
mucinous neoplasm (LAMN) [see Chap.   12    ].
 –    Rare cases originate from a low-grade mucinous 

 neoplasm associated with an ovarian teratoma.  
 –   Secondary involvement of ovaries by metastatic 

LAMN may be seen [see Chap.   12    ].     
•   Most patients are middle-aged and present with increased 

abdominal girth and/or pain.  
•   Microscopic examination shows extracellular mucin 

pools dissecting fi broadipose tissue, with variable amounts 
of mucinous epithelium—either as small fragments “fl oat-
ing” in mucin or forming cystic glands (Fig.  13.8 ).
 –     Epithelial cells have mild to moderate nuclear atypia 

and abundant mucinous cytoplasm.  
 –   In some cases, the amount of neoplastic mucinous 

 epithelium is very scant and may be diffi cult to iden-
tify on frozen sections.
•    Additional level sections or tissue blocks may help 

identifying the epithelial component.  
•   Intraoperative implications of acellular mucin pools 

on the peritoneal surfaces or within the omentum are 
similar; surgical exploration of the abdominal cavity 
and pelvis is required to identify the primary site.  

•   Rare cases of ruptured primary ovarian mucinous 
tumors may be associated with “mucinous ascites,” 

which is typically a more localized process and 
lacks epithelial cells and stromal fi brosis.        

•   Stromal fi brosis and hyalinization are often seen and may 
also be accompanied by chronic infl ammation and 
calcifi cations.  

•   If a peritoneal biopsy shows the above-described 
 morphologic features of pseudomyxoma peritonei, a 
descriptive frozen section diagnosis can be made and the 
appendix should be surgically evaluated for a possible 
primary.     

    Metastatic Carcinomas 

•     Metastatic carcinomas involving the omentum most com-
monly originate from the gynecologic tract (ovaries), fol-
lowed by gastrointestinal primaries.  

•   The surgical procedure for gastrointestinal versus gyne-
cologic primaries are markedly different; therefore, an 
attempt should be made to separate them on frozen sec-
tion based on identifi cation of histological subtype.
 –    Serous, clear cell and endometrioid histologies are 

characteristic of Mullerian origin (see Chap.   10     for 
detailed morphologic description).  

 –   Mucinous carcinomas may originate from both 
 gastrointestinal and gynecologic organs; intraoperative 
surgical evaluation and clinical correlation are 
helpful.  

 –   Signet-ring cell carcinomas may also involve the 
omentum spreading from gastric, colorectal, appendi-
ceal, or breast primaries.         

  Fig. 13.7    Pseudomyxoma peritonei. Abundant glistening mucinous 
material is seen within the omental fi broadipose tissue       
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a

c

b

  Fig. 13.8    Pseudomyxoma peritonei. Microscopic features include extracellular mucin pools with variable amounts of “fl oating” mucinous epi-
thelium ( a ). The tumor cells show mild nuclear atypia and abundant mucinous cytoplasm ( b ,  c )       
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    Nonneoplastic/Reactive Conditions 

    Reactive Mesothelial Proliferation/Hyperplasia 

•     Reactive, nonneoplastic proliferation of mesothelial cells 
most commonly occurs in response to chronic infl amma-
tion, ovarian/pelvic mass lesions, and endometriosis.  

•   May be biopsied by the surgeon due to abnormal gross 
appearance associated with fi brosis, infl ammation and/or 
endometriosis.  

•   Microscopic patterns include nested, trabeculated, 
 papillary, or tubular proliferation of mesothelial cells 
(Figs.  13.9  and  13.10 ).
 –      Mild to moderate nuclear atypia.  
 –   Mitotic fi gures may be seen.  
 –   Abundant eosinophilic or amphophilic cytoplasm; 

may contain cytoplasmic vacuoles resembling 
 signet-ring cells.  

 –   Reactive mesothelial cells entrapped in fi brous tissue 
typically show linear arrangement, parallel to the 
surface.  

 –   “Cobblestone” appearance is often seen and helps 
 confi rming mesothelial origin of cells.     

•   Differential diagnosis
 –    Malignant mesothelioma  
 –   Well-differentiated papillary mesothelioma  
 –   Serous tumors—borderline (atypical proliferative) 

tumor or low-grade serous carcinoma  
 –   Metastatic carcinomas—especially signet-ring cell 

carcinoma     
•   Diagnostic pitfalls/key intraoperative consultation 

issues
 –    In the presence of dense peritoneal adhesions, 

 endometriosis, or signifi cant infl ammatory changes, 
the possibility of metastatic carcinoma (signet-ring 
cell or other type) should only be raised with caution, 
as overinterpretation of reactive mesothelial prolifera-
tion presents a signifi cant diagnostic pitfall.  

 –   In patients with prior history of malignancy, morpho-
logical comparison with the prior specimen(s)—if 
available at the time of frozen section—should be 
made.        

a b

c d

  Fig. 13.9    Exuberant reactive mesothelial proliferation associated with endometriosis. The mesothelial cells form trabecular and tubular patterns 
( a ,  b ) and show mild nuclear atypia and abundant eosinophilic cytoplasm ( c ). Note the presence of small, basophilic intracytoplasmic vacuoles ( d )       
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a b

c

  Fig. 13.10    Reactive surface papillary mesothelial proliferation. Note the papillary confi guration of mesothelial cells ( a ) with mild nuclear atypia 
and “cobblestone” appearance ( b ). Tubular structures are also seen ( c ), mimicking a neoplastic glandular proliferation       
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    Endometriosis 

•     Common fi nding, especially during the reproductive 
years.  

•   May appear as red, bluish, or brown nodules, patches, or 
puckered areas.  

•   May be associated with dense fi brosis and adhesions.  
•   Variable proportions of endometrial glandular epithelium 

and endometrial stroma microscopically (Fig.  13.11 ).

•      Hemorrhage and hemosiderin-laden macrophages are 
common.  

•   Epithelium may show metaplastic changes or reactive 
atypia [see Chap.   11     for atypical endometriosis].  

•   The most important intraoperative diagnostic pitfall is 
overdiagnosis of endometriosis as an epithelial or mesen-
chymal (endometrial stromal) malignancy.     

a b

  Fig. 13.11    Peritoneal endometriosis with typical endometrial stroma, glands, and intraluminal hemosiderin ( a ,  b )       
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    Endosalpingiosis 

•     Benign glands lined by tubal-type epithelium in perito-
neal or omental fi brous tissue.  

•   May also be seen in retroperitoneal lymph nodes [see 
Chap.   8    ].  

•   Usually an incidental fi nding during the reproductive 
years and is often seen in patients with serous tumors 
(borderline/atypical proliferative or low-grade serous 
carcinoma).  

•   Single layer of tubal-type bland epithelial cells 
(Fig.  13.12 ).

 –     No signifi cant epithelial proliferation, papillary 
growth, or tufting     

•   No signifi cant nuclear atypia or mitotic activity.  
•   Endometrial-type stroma is absent.  

•   Psammomatous calcifi cations are common.  
•   Differential diagnosis

 –    Serous borderline/atypical proliferative tumor— 
primary peritoneal or implants from ovarian primary     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Detailed diagnostic criteria of ovarian serous border-

line/atypical proliferative tumor and its implants are 
described in Chap.   8     and apply to peritoneal lesions as 
well.  

 –   Peritoneal lesions that lack signifi cant epithelial 
 proliferation and cytological atypia should not be over-
interpreted, even in the context of an ovarian serous 
borderline/atypical proliferative tumor.
•    Morphological comparison with the ovarian 

tumor—if available on frozen section—is helpful.           

  Fig. 13.12    Endosalpingiosis in peritoneal dense fi brous tissue—a 
small glandular structure is lined by bland, tubal-type ciliated 
epithelium       
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    Endocervicosis 

•     Benign endocervical-type glands involving peritoneum, 
lymph nodes, and most commonly the urinary bladder.

 –    Bladder involvement usually presents as a mass 
lesion—up to 2.5 cm in size—on the posterior wall or 
bladder dome [ 16 ].     

•   Microscopic examination shows irregular, often cystic 
endocervical-type glands involving the peritoneum or 
bladder muscularis propria (Fig.  13.13 ).
 –     Columnar endocervical mucinous epithelium  
 –   Basally located, small nuclei and abundant basophilic 

cytoplasm  
 –   No signifi cant atypia or mitotic activity  
 –   Absence of goblet cells     

•   Differential diagnosis
 –    Mucinous adenocarcinoma, primary or metastatic     

•   Diagnostic pitfalls/key intraoperative consultation issues
 –    Signifi cant nuclear atypia and infi ltrative growth pat-

tern with stromal desmoplastic response should raise 
suspicion for malignancy.  

 –   In patients with prior history of malignancy, morpho-
logical comparison with the prior specimen(s)—if avail-
able at the time of frozen section—should be pursued.  

 –   In diffi cult cases, intraoperative evaluation of other 
pelvic and/or abdominal structures by the surgeon may 
be helpful.
•    Biopsies of any additional suspicious lesions should 

be requested and examined on frozen section to rule 
out malignancy.           

a

c

b

  Fig. 13.13    Endocervicosis involving peritoneum and bladder wall. 
Irregular, cystic endocervical-type glands within smooth muscle bun-
dles of muscularis propria of the urinary bladder ( a ). The glands are 

lined by endocervical-type mucinous cells with small, basally located 
nuclei and abundant basophilic cytoplasm ( b ,  c ). Goblet cells are absent       
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    Peritoneal Inclusion Cyst 

•     Uni- or multilocular benign cystic mesothelial 
proliferation.  

•   May be associated with prior abdominal surgery, endo-
metriosis, or pelvic infl ammatory disease.  

•   Median size is 13 cm [ 17 ].  

•   Thin cyst wall typically lined by a single layer of fl attened 
or cuboidal mesothelial cells (Fig.  13.14 ).

 –     No signifi cant nuclear atypia or mitotic activity     
•   Differential diagnosis

 –    Cystic lymphangioma  
 –   Adenomatoid tumor  
 –   Malignant mesothelioma            

a b

  Fig. 13.14    Peritoneal inclusion cyst ( a ,  b ). The lesion is characterized by folded, thin fi brous cyst wall and a single layer of fl attened or cuboidal, 
bland mesothelial cell lining       
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  A 
  Acute and chronic salpingitis , 161  
   Adenocarcinoma 

 endocervical AIS , 40  
 endometrioid , 45  
 intestinal , 289  
 invasive endocervical , 40–43  
 of mammary type , 17–18  
 mesonephric , 50, 51  
 signet-ring cells/Krukenberg tumor , 291–293  
 villoglandular , 44  

   Adenocarcinoma in situ (AIS) , 40  
   Adenoid basal carcinoma 

 cervical MMMT , 56  
 lobules , 49  

   Adenoid cystic carcinoma , 49, 50  
   Adenomatoid tumor , 138, 153, 155  
   Adenomyoma , 127  
   Adenosquamous carcinoma , 49  
   Adult granulosa cell tumor (AGCT) 

 clinical features , 243  
 cytological features , 243, 247  
 diagnosis , 243, 249  
 histological features , 243, 245–246  
 luteinized , 243, 248  
 pathology , 243, 244  

   Aggressive angiomyxoma 
 clinical features , 19  
 diagnosis , 19  
 microscopic features , 19–20  
 pathology , 19  

   AIS.    See  Adenocarcinoma in situ (AIS) 
   Angiomyofi broblastoma , 5, 19, 22  
   APA.    See  Atypical polypoid adenomyoma (APA) 
   Apoplectic leiomyoma 

 ambiguous necrosis and hemorrhage , 112  
 cellular , 101, 104  
 diffuse hemorrhage, presence of , 101, 103  

   Appendiceal tumors , 294  
   Arias-Stella reaction , 34, 63, 84  
   Atypical polypoid adenomyoma (APA) 

 endometrioid adenocarcinoma , 76  
 irregular, hyperplastic endometrial glands , 127, 128  
 necrosis, presence of , 127, 129  
 polypoid endometrial lesion , 127  

   Atypical proliferative endometrioid tumor (APET) , 193–194  
   Atypical proliferative mucinous tumor (APMT).    See  Mucinous 

borderline tumor (MBT) 
   Atypical proliferative serous tumor (APST).    See  Serous borderline 

tumor (SBT) 

    B 
  Bartholin gland carcinomas , 17  
   Basal cell carcinoma 

 adenoid glandular pattern , 14, 15  
 nodular/plaque lesions , 14  

   Basaloid SCC 
 adenoid cystic carcinoma-like growth pattern , 50  
 individual keratinization , 37  
 skin adnexal tumors , 14  

   Benign Brenner tumor 
 clinical features , 205  
 diagnosis , 205  
 microscopic features , 205, 206  
 pathology , 205  

   Benign glandular lesions , 16  
   Benign squamous lesions 

 condyloma acuminatum , 6  
 lichen sclerosus , 6  
 seborrheic keratosis , 6  
 squamous hyperplasia , 6  

   Bizarre nuclei/symplastic leiomyoma , 101, 103  
   Borderline Brenner tumor/atypical proliferative Brenner tumor 

 clinical features , 207  
 diagnosis , 207  
 microscopic features , 207, 208  
 pathology , 207  

   Botryoid rhabdomyosarcoma , 23  
   Breast, primary, metastatic to ovary 

 clinical features , 299  
 diagnosis , 299  
 metastatic tumors , 299  
 microscopic features , 299, 300  

    C 
  Carcinoid tumor 

 clinical features , 230  
 diagnosis , 230  
 insular pattern , 231  
 microscopic features , 230–231  
 pathology , 230  

   Carcinoma 
 adenoid basal , 49  
 adenoid cystic , 50  
 adenosquamous , 49  
 clear cell , 52  
 metastatic , 52  
 mucinous , 46–48  
 neuroendocrine , 52, 53  
 serous , 50  
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   Carcinosarcoma, ovarian 
 clinical features , 211  
 diagnosis , 211  
 microscopic features , 211, 212  
 pathology , 211  

   CCC.    See  Clear cell carcinoma (CCC) 
   Cellular leiomyoma , 101, 102, 104  
   Cervical adenocarcinoma 

 clinical features , 301  
 diagnosis , 301  
 microscopic features , 301–302  

   CHM.    See  Complete hydatidiform mole (CHM) 
   Choriocarcinoma (non-gestational) , 221  
   Chronic endocervicitis , 34  
   Clear cell borderline tumor/atypical proliferative clear cell tumor , 200  
   Clear cell carcinoma (CCC) , 25  

 cervix, 52endometrium , 84, 86  
 ovary , 201, 203  
 vagina , 25  

   Clear cell cystadenoma/adenofi broma 
 clinical features , 199  
 diagnosis , 199  
 microscopic features , 199  
 pathology , 199  

   Complete hydatidiform mole (CHM) , 142, 143  
   Condyloma acuminatum , 6  
   Conventional leiomyoma 

 apoplectic leiomyoma , 101, 103, 104  
 with bizarre nuclei/symplastic leiomyoma , 101, 103  
 cellular , 101, 102  
 with degenerative changes , 97, 98  
 diffuse leiomyomatosis , 102  
 epithelioid leiomyoma (leiomyoblastoma) , 102, 105  
 gross presentations , 97  
 with hemorrhagic infarction , 97, 100  
 hydropic leiomyoma , 102, 106  
 lipoleiomyoma , 102, 106  
 mitotically active leiomyoma , 101, 103  
 myxoid leiomyoma , 101–102, 104, 105  

   Cortical inclusion cysts ovarian , 272  
   Cystic corpus luteum/corpus luteum cyst , 274  
   Cystic follicle , 273  

    D 
  Dedifferentiated endometrial carcinoma , 87, 88, 132  
   Deep nabothian cyst , 30  
   Desmoplastic small round cell tumor (DSRCT) , 311–312  
   Diffuse endocervical glandular hyperplasia , 31–32  
   Diffuse large B-cell lymphoma (DLBL) ovarian , 284  
   Diffuse leiomyomatosis , 97, 102  
   Diffuse peritoneal leiomyomatosis , 107, 110  
   Disseminated peritoneal leiomyomatosis , 107, 110  
   DLBL.    See  Diffuse large B-cell lymphoma (DLBL) 
   DSRCT.    See  Desmoplastic small round cell tumor (DSRCT) 
   Dysgerminoma 

 clinical features , 216  
 diagnosis , 216  
 microscopic features , 216–218  

    E 
  Ectopic pregnancy , 162–163  
   Embryonal carcinoma , 221  
   Embryonic remnants/cysts, fallopian tube 

 mesonephric remnants , 159  
 paratubal cyst , 159, 160  

   Endocervical polyp , 28, 29  
   Endocervicosis , 34, 319  
   Endometrial adenocarcinoma , 301  
   Endometrial epithelial lesions 

 metaplastic and reactive changes , 63  
   Endometrial hyperplasia 

 atypical , 65, 67, 68  
 complex mucinous changes , 65, 68  
 without atypia , 65, 66  

   Endometrial polyp , 79, 83  
   Endometrial stromal nodule (ESN) , 122, 123  
   Endometrial stromal tumors , 121  
   Endometrioid adenocarcinoma 

 cervix , 45  
 cervical involvement , 73, 74  
 endometrial , 69  
 Lynch syndrome , 69  
 microglandular , 70, 73  
 non-villous papillary , 70, 72  
 ovary , 195–198  
 sertoliform endometrioid adenocarcinoma, ovary , 195, 198  
 villoglandular , 70, 72  
 well-differentiated , 69, 74, 76  

   Endometrioid adenofi broma , 192  
   Endometrioid borderline tumor (EBT) , 193–194  
   Endometriosis , 34, 159, 317  

 clear cell carcinoma , 275, 278  
 diagnosis , 275  
 surface adhesions , 275  

   Endometriotic cyst.    See  Endometriosis 
   Endosalpingiosis , 318  
   Epithelioid leiomyoma , 102, 105  
   Epithelioid leiomyosarcoma , 117  
   Epithelioid trophoblastic tumor (ETT) , 148–149  
   EPS.    See  Exaggerated placental site reaction (EPS) 
   ESN.    See  Endometrial stromal nodule (ESN) 
   ETT.    See  Epithelioid trophoblastic tumor (ETT) 
   Exaggerated placental site reaction (EPS) , 149  

    F 
  Fallopian tube 

 acute and chronic salpingitis , 161  
 adenomatoid tumor , 155  
 ectopic pregnancy , 162–163  
 endometriosis , 159  
 high-grade serous carcinoma , 155  
 intraoperative gross evaluation , 151  
 mesonephric remnants , 159  
 metastatic tumors , 156  
 paratubal cyst , 159, 160  
 risk-reducing salpingo-oophorectomy specimens , 164  
 serous adenofi broma , 152  
 serous borderline/atypical proliferative tumor (SBT/APST) , 152  
 serous tubal intraepithelial carcinoma (STIC) , 153–154  
 tubal epithelial hyperplasia , 157–158  

   Fibroepithelial stromal polyp , 19  
   Fibroma, ovary 

 clinical features , 238  
 diagnosis , 238  
 microscopic features , 238, 240  

   Fibrosarcoma , 267  
   Frozen section evaluation 

 assessment and sampling , 1  
 gynecologic pathology , 1  
 interpretation , 1–2  
 intraoperative consultation , 2  
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    G 
  Gastrointestinal stromal tumor (GIST) 

 clinical features , 309  
 diagnosis , 309  
 microscopic features , 309, 310  

   Gestational choriocarcinoma (GC) 
 clinical features , 146  
 diagnosis , 146  
 microscopic features , 146, 147  

   Gestational trophoblastic disease (GTD) 
 invasive hydatidiform mole , 144, 145  
 PHM , 144  
 trophoblastic tumors , 141  

   GIST.    See  Gastrointestinal stromal tumor (GIST) 
   Glassy cell carcinoma cervix , 46  
   Gonadoblastoma , 216, 232  
   Granular cell tumor , 5, 19, 23  
   Granulation tissue , 21  
   GTD.    See  Gestational trophoblastic disease (GTD) 

    H 
  HGSC.    See  High-grade serous carcinoma (HGSC) 
   High-grade endometrial stromal sarcoma , 124  
   High-grade serous carcinoma (HGSC) , 155  

 clinical features , 180  
 diagnosis , 180  
 fallopian tube , 155  
 and LGSC , 176  
 microscopic features , 180–182  
 ovary , 180–182  

   High-grade squamous intraepithelial lesion (HSIL) , 36  
   Hydatidiform moles , 142  
   Hydropic leiomyoma 

    I 
  Infl ammatory myofi broblastic tumor (IMT) , 135, 137  
   Intrauterine pregnancy , 142  
   Intravenous leiomyomatosis (IVL) 

 frozen section diagnosis, mesenchymal tumors , 107, 110  
 intravascular lesions , 107, 108  

   Invasive endocervical adenocarcinoma 
 of cervix , 40, 41  
 glandular distribution , 40–41  
 trachelectomy , 41, 43  
 usual type , 40, 42  

   Invasive hydatidiform mole , 144, 145  
   Invasive SCC 

 basaloid , 37  
 cervical , 37, 38  
 keratinizing well-differentiated and histological subtypes , 37, 39  
 lymphoepitheliomatous variant , 37  
 papillary squamous/squamotransitional carcinoma , 37  
 regional lymph node , 38, 39  
 sentinel lymph node evaluation , 38  
 spindle cell/sarcomatoid , 37  
 trachelectomy procedure , 37  
 verrucous carcinoma , 37  
 vulva and vagina , 8–10  
 warty , 37  

   IVL.    See  Intravenous leiomyomatosis (IVL) 

    J 
  Juvenile granulosa cell tumor (JGCT) 

 clinical features , 250  

 cytological features , 250, 253  
 histological features , 250, 252  

    K 
  Krukenberg tumor , 238, 267, 279, 292–293  

    L 
  LAMN.    See  Low-grade appendiceal mucinous neoplasm (LAMN) 
   Leiomyoblastoma , 102, 105  
   Leiomyoma and leiomyosarcoma , 22–24, 120  
   Leiomyomatosis peritonealis disseminata , 309  
   Leiomyosarcoma 

 coagulative tumor cell necrosis , 112, 116  
 epithelioid , 117  
 geographic coagulative tumor cell necrosis , 112, 115  
 myxoid , 118, 119  

   LESS.    See  Low-grade endometrial stromal sarcoma (LESS) 
   Leydig cell tumor 

 clinical features , 261  
 histological features , 261, 262  

   LGSC.    See  Low-grade serous carcinoma (LGSC) 
   Lichen sclerosus , 6–8  
   Lipoleiomyoma , 107, 110, 111  
   Lobular endocervical glandular hyperplasia , 31–32  
   Low-grade appendiceal mucinous neoplasm (LAMN) 

 clinical features , 297  
 diagnosis , 297  
 microscopic features , 297, 298  

   Low-grade endometrial stromal sarcoma (LESS) 
 ESN , 121, 124  

   Low-grade serous carcinoma (LGSC) 
 clinical features , 176  
 diagnosis , 176  
 microscopic features , 176, 177  
 pathology , 176, 177  
 SBT/APST , 178  

   Lymph node involvement , 179  
   Lymphoma-like lesions , 34  
   Lymphoma, ovary , 282  
   Lymphomas , 57, 58  
   Lynch syndrome , 69  

    M 
  Malignant Brenner tumor 

 clinical features , 209  
 diagnosis , 209  
 microscopic features , 209, 210  

   Malignant germ cell tumors (MGCT) , 180  
   Malignant mesothelioma , 306–307  
   Malignant mixed Mullerian tumor (MMMT) 

 cervical , 56  
 endometrioid , 132  
 fi brosarcoma/rhabdomyosarcoma and osteosarcoma , 132, 134  
 ovarian , 211  
 sarcomatous component , 56  
 serous and endometrioid carcinoma , 132, 133  
 unusual carcinomatous components , 132  

   MDA.    See  Minimal deviation adenocarcinoma (MDA) 
   Mesenchymal tumors 

 adenomyoma , 127  
 APA , 127  
 cervical , 54–55  
 Mullerian adenosarcoma cervix , 54  
 uterine , 95–96  
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   Mesonephric adenocarcinoma 
 of cervix , 50, 51  

   Mesonephric hyperplasia , 34  
   Metaplasia, cervical 

 squamous , 35  
 transitional , 35  
 tubo-endometrial , 34  

   Metastatic adenocarcinoma, ovary 
 clinical features , 291  
 diagnosis , 291  
 microscopic features , 291–293  

   Metastatic carcinomas , 52, 313  
 ductal, breast , 90, 91  
 lobular, breast. , 90  
 secondary endometrial involvement , 90  

   Metastatic tumors, ovary 
 clinical presentation , 287  
 intestinal adenocarcinoma , 289–290  
 metastatic adenocarcinoma , 291–93  
 primary site , 287  

   MGCT.    See  Malignant germ cell tumors (MGCT) 
   MGH.    See  Microglandular hyperplasia (MGH) 
   Microcystic stromal tumor , 267  
   Microglandular endometrioid adenocarcinoma , 70, 73  
   Microglandular hyperplasia (MGH) 

 endocervical glandular cells , 33  
 mitoses , 33  

   Micropapillary variant/noninvasive low-grade serous carcinoma , 
174–175  

   Minimal deviation adenocarcinoma (MDA) , 28, 30  
   Mitotically active leiomyoma , 101, 103  
   Mixed carcinoma 

 admixed endometrioid and CCC components , 89  
   Mixed epithelial tumors.    See  Mesenchymal tumors 
   MMMT.    See  Malignant mixed Mullerian tumor (MMMT) 
   Mucinous borderline tumor (MBT) 

 clinical features , 186  
 diagnosis , 186, 187  
 microscopic features , 186, 188  

   Mucinous carcinomas, cervical 
 intestinal-type , 46  
 minimal deviation , 46–48  
 usual-type endocervical adenocarcinomas , 46  

   Mucinous carcinomas, endometrial 
 of endometrium , 77  
 with microglandular pattern , 77, 78  

   Mucinous carcinoma, ovary 
 clinical features , 189  
 diagnosis , 189  
 microscopic features , 189, 190  

   Mucinous cystadenoma 
 clinical features , 183  
 diagnosis , 183  
 microscopic features , 183–185  

   Mucinous ovarian tumors , 191  
   Mullerian adenosarcoma , 28, 54  

 biphasic proliferation, glandular and stromal 
components , 130, 131  

 cervix , 54  
 endometrial polyp , 130  
 extrauterine metastases , 130  
 uterine , 130–131  

   Myxoid leiomyoma 
 gross appearance , 101, 104  

   Myxoid leiomyosarcoma , 118  

    N 
  Neuroendocrine carcinomas , 52, 53  
   Neuroendocrine carcinomas, endometrial 

 endometrial tumor types , 87  
 large cells , 87  
 small cells , 87  

   Non-villous papillary endometrioid adenocarcinoma , 70, 72  

    O 
  Ovarian germ cell tumors 

 carcinoid tumor   ( see  Carcinoid tumor) 
 choriocarcinoma (non-gestational) , 221  
 clinical presentation and laboratory fi ndings , 215  
 dysgerminoma , 216–218  
 embryonal carcinoma , 221  
 gonadoblastoma , 232  
 mixed germ cell tumor , 222  
 somatic malignancy , 232–234  
 struma ovarii   ( see  Struma ovarii) 
 teratomas   ( see  Teratomas) 
 YST , 219–220  

   Ovarian torsion , 279  
   Ovary 

 cortical inclusion cysts , 272  
 cystic corpus luteum/corpus luteum cyst , 274  
 cystic follicle , 273  
 edema , 279  
 endometriosis/endometriotic cyst , 274–278  
 lymphomas , 282–284  
 ovarian torsion , 279  
 small cell carcinoma , 282–283  
 stromal hyperthecosis , 279, 280  
 surface papillary stromal proliferation , 279  
 tubo-ovarian abscess , 281  

    P 
  Pancreatobiliary adenocarcinomas metastatic 

 clinical features , 294  
 diagnosis , 294  
 microscopic features , 294–296  

   Papillary mesothelioma , 308  
   Papillary squamous/squamotransitional carcinoma , 37  
   Partial hydatidiform mole (PHM) , 142–144  
   PEComa.    See  Perivascular epithelioid cell tumors (PEComa) 
   Peritoneal inclusion cyst , 320  
   Peritoneum 

 endocervicosis , 319  
 endometriosis , 317  
 endosalpingiosis , 318  
 GIST , 309–310  
 leiomyomatosis peritonealis disseminata , 309  
 malignant mesothelioma , 306–307  
 mesothelial proliferation/hyperplasia , 315–316  
 papillary mesothelioma , 308  
 peritoneal inclusion cyst , 320  
 pseudomyxoma peritonei , 313–314  

   Perivascular epithelioid cell tumors (PEComa) , 135, 137  
   PHM.    See  Partial hydatidiform mole (PHM) 
   Placental site nodule (PSN) , 149  
   Placental site trophoblastic tumor (PSTT) , 148, 149  
   Postoperative spindle cell nodule , 21  
   Proximal epithelioid sarcoma , 23  
   Pseudomyxoma peritonei , 189, 287, 297, 313–314  
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   PSN.    See  Placental site nodule (PSN) 
   PSTT.    See  Placental site trophoblastic tumor (PSTT) 

    S 
  SCC.    See  Squamous cell carcinoma (SCC) 
   Seborrheic keratosis , 6  
   SEIC.    See  Serous endometrial intraepithelial carcinoma (SEIC) 
   Serous adenofi broma , 152  
   Serous borderline tumor (SBT) 

 clinical features , 170  
 diagnosis , 170–171  
 microscopic features , 170, 172, 173  
 peritoneal implants , 178  

   Serous carcinoma , 50  
 cytological features , 79, 82  
 microscopic growth patterns , 79, 80  
 myometrial invasion , 79, 81  

   Serous cystadenofi broma/adenofi broma 
 clinical features , 168  
 diagnosis , 168, 169  
 microscopic features , 168, 169  

   Serous cystadenoma 
 clinical features , 166  
 diagnosis , 166  
 microscopic features , 166, 167  

   Serous endometrial intraepithelial carcinoma (SEIC) , 63, 79  
   Serous tubal intraepithelial carcinoma (STIC) , 153–154  
   Sertoli-Leydig cell tumor (SLCT) 

 clinical features , 254  
 diagnosis , 254, 260  
 differentiated , 254, 259  
 heterologous elements , 254, 260  
 intermediate-grade , 254, 258  
 well-differentiated , 254, 257  

   Sex cord-stromal tumors 
 AGCT , 243–249  
 fi broma , 238–240  
 JGCT , 250–253  
 luteinized thecoma , 241  
 SLCT , 254–255  
 thecoma , 241, 242  

   Signet-ring stromal tumor , 267  
   SIL.    See  Squamous intraepithelial lesion (SIL) 
   SLCT.    See  Sertoli-Leydig cell tumor (SLCT) 
   Smooth muscle tumor of uncertain malignant 

potential (STUMP) , 120  
 uterine mesenchymal tumors , 96, 97  

   Smooth muscle tumors 
 cervix , 54–55  
 cervical leiomyoma , 54  
 uterus , 96–97  

   Somatic malignancy, arising in mature teratoma 
 clinical features , 232  
 diagnosis , 232  
 mucinous adenocarcinoma , 232, 234  
 SCC , 232, 233  

   Spindle cell/sarcomatoid SCC , 37  
   Squamous cell carcinoma (SCC) , 148  

 cervix , 36  
 cervical malignancy , 27  
 clinical features , 8  
 diagnosis , 9  
 endometrial , 87  
 HSIL , 36  

 invasive , 37–39  
 microscopic features , 8, 9  
 papillary squamous cell carcinoma , 9, 11  
 pathology , 8  
 peripheral mucosal margin , 9, 12  
 spindle cell/sarcomatoid , 8, 10  
 superfi cially invasive , 13  
 vulva and vagina , 8–10  

   Squamous hyperplasia, vulva and vagina , 6  
   Squamous intraepithelial lesion (SIL) vulva and vagina , 7  
   Squamous metaplasia , 35  
   Steroid cell tumor 

 clinical features , 267  
 microscopic features , 267, 269  

   Stromal hyperthecosis , 279, 280  
   Struma ovarii 

 clinical features , 227  
 diagnosis , 227  
 microscopic features , 227, 229  

   STUMP.    See  Smooth muscle tumor of uncertain malignant potential 
(STUMP) 

   Surface papillary stromal proliferation ovary , 279  

    T 
  Teratomas 

 clinical features , 222  
 diagnosis , 222  
 microscopic features , 222, 224  

   Thecoma , 241, 242, 244, 261, 267, 279, 291  
   Transitional metaplasia , 35  
   Tubal epithelial hyperplasia , 157–158  
   Tubo-endometrial metaplasia , 34  
   Tubo-ovarian abscess , 281  
   Tunnel clusters , 28  

    U 
  Undifferentiated endometrial carcinoma , 87  
   Undifferentiated uterine sarcoma , 135, 136  
   Uterine cervix 

 cervical adenocarcinomas , 27  
 deep nabothian cyst , 30  
 endocervical polyp , 28, 29  
 intraoperative consultation , 27  
 lobular and diffuse endocervical glandular 

hyperplasia , 31–2  
 SCC , 27  
 sentinel lymph nodes , 27  
 tunnel clusters , 28  

   Uterine mesenchymal neoplasms 
 2014 World Health Organization classifi cation , 95, 96  

   Uterine tumor resembling ovarian sex-cord tumor 
(UTROSCT) , 135  

   UTROSCT.    See  Uterine tumor resembling ovarian sex-cord tumor 
(UTROSCT) 

    V 
  Verrucous carcinoma , 37  
   Villoglandular adenocarcinoma cervix , 44  
   Villoglandular endometrioid adenocarcinoma , 70, 72  
   Vulva and vagina 

 aggressive angiomyxoma , 19–20  
 angiomyofi broblastoma , 22  
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 Vulva and vagina ( cont .) 
 benign squamous lesions , 6  
 botryoid rhabdomyosarcoma , 23  
 clear cell carcinoma , 25  
 fi broepithelial stromal polyp , 19  
 granular cell tumor , 23  
 granulation tissue , 21  
 leiomyoma and leiomyosarcoma , 22–24  
 lymphomas , 25  
 malignant melanoma , 25  
 mesenchymal tumors , 19  
 proximal epithelioid sarcoma , 23  
 SCC , 8–12  
 SIL , 7  
 YST , 25  

   Vulvar hidradenoma papilliferum , 16  

   Vulvar Paget disease 
 clinical features , 17  
 diagnosis , 17  
 microscopic features , 17, 18  

    W 
  Warty SCC , 37  

    Y 
  Yolk sac tumor (YST) ovary , 221  

 clinical features , 219  
 diagnosis , 219  
 microscopic features , 219, 220  
 vulva and vagina , 25         
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