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    Preface to the Second Edition 

   It is hard to believe that 5 years have passed from the time the  fi rst edition of 
this manual was published in 2007. In the meantime, we have heard a lot of 
comments about our book, both positive and critical, as well as suggestions 
on how to make it more user-friendly and useful. Finally, after a discussion 
with the publisher, we concluded that there is a real need for an updated ver-
sion of our grading book. Thus, we undertook the task of updating the  fi rst 
edition, adding new things wherever needed, and modifying other parts in 
concordance with the new developments in diagnostic pathology. 

 For the second edition, we have retained most of the features of the  fi rst 
edition, especially those pertaining to the layout, which many readers liked. 
The format of the book was reduced to make it more handy and comparable 
to the  AJCC Staging Manual , so that these two books could be used in tan-
dem. We hope that readers of the previous edition will like the newly intro-
duced changes, and we also trust that the new readers will  fi nd them useful as 
well. 

 This book is meant to be a manual and a quick reference for surgical 
pathologists and their trainees—a compact single volume designed for con-
sultation rather than for systematic reading. We hope that the reader will like 
our commentaries, practical suggestions, and practice-proven know-how 
advice, tips, and hints. In the book, we have included answers to some com-
mon questions, guidance on how to do the grading, which tumors to grade 
and which not. We hope that the illustrations will amplify our written mes-
sage and explain things that are hard to formulate in simple sentences. 

 At the end of the preface to the  fi rst edition, we have invited the readers to 
send us their comments, and we thank all those who did so. We would love to 
hear from readers of the second edition as well by e-mail (idamjano@kumc.
edu or ffan@kumc.edu) or in any other form. 

    Ivan   Damjanov ,  M.D., Ph.D.    
   Fang   Fan ,   M.D., Ph.D.    



   



vii

    Preface to the First Edition 

   The grading and staging of tumors are routinely performed during the work-
up of most patients who have cancer. Whereas the staging of tumors relies on 
a wealth of clinical, intraoperative, or radiologic data, tumor grading remains 
in the domain of pathologists—hence, the idea to compile a book for our col-
leagues in diagnostic surgical pathology and their residents. 

 Like most surgical pathologists, we grade and stage tumors every day, and 
the assigned values are included in the  fi nal pathology reports. During the 
sign-out, we use the  AJCC Cancer Staging Handbook  or  TNM Atlas: 
Illustrated Guide to the TNM Classi fi cation of Malignant Tumors.  As strange 
as it might sound, although many textbooks contain instructions on how to 
grade tumors, there is no concise, “ready-to-use,” practice-oriented manual 
on the microscopic grading of tumors. Confronted with the perceived need 
for such a book (and especially encouraged by our residents), we undertook 
the task of extracting the pertinent facts from books, monographs, and semi-
nal papers and presenting them in a concise form. Since pathology is a visual 
discipline, the publisher allowed us to liberally use color microphotographs 
whenever needed to make a point and thus produce an illustrated manual that 
could be applied in the daily practice of surgical pathology without the need 
to resort to other books. We thank the publisher for this support. From now 
on, our residents will no longer need to ask us which book they should use for 
grading tumors. We hope that other practicing surgical pathologists will  fi nd 
the book useful as well and keep it as a companion to their favorite tumor 
staging manual. 

 In preparing this book, we have consulted a number of leading textbooks 
of surgical pathology, monographs prepared by the experts of the World 
Health Organization, and tumor atlases published by the Armed Forces 
Institute of Pathology. Readers interested in these sources, as well the recent 
comprehensive, seminal articles, will  fi nd them listed as references at the end 
of each chapter. While there is nothing new in this compilation, it is the  fi rst 
to present these data in such a condensed form, illustrated with so many color 
images. 

 We have concentrated on tumors that are common and thus have omitted 
some of the less common neoplasms and some of the neoplastic diseases 
that are in the domain of subspecialties of pathology (most notably hema-
tology). We have not included the grading of some common in fl ammatory 
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nonneoplastic diseases, such as chronic hepatitis or lupus nephritis. We 
hope that readers will not mind, but if you feel that some omissions are 
unpardonable, we would love to hear from you. Comments and suggestions 
for improvements, updates, or revisions are welcome. 

    Ivan   Damjanov ,  M.D., Ph.D.  
     Fang   Fan   , M.D., Ph.D.      
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     1.1   History of Tumor Grading 

 The relationship between the tumor morphology 
and the clinical behavior of tumors has been 
known since the early studies of Rudolf Virchow 
(1821–1902) and the scienti fi c beginnings of 
microscopic pathology. From the historical point 
of view, however, the  fi rst attempts to correlate 
the microscopic features of tumors with their 
biology and clinical behavior are traditionally 
attributed to David Paul von Hansemann (1858–
1920)  [  1–  3  ] . This German pathologist, who was 
a student of Virchow, studied systematically the 
microscopic pathology of tumors and in the 
1890s published his pioneering observations on 
abnormal mitotic  fi gures. He also introduced the 
terms  anaplasia  and  dedifferentiation  (German: 
 Entdifferenzirung ) and was the  fi rst to suggest 
that the clinical behavior of tumors could be pre-
dicted from their microscopic characteristics. 
His novel observations on microscopic tumor 
cell atypia, anaplasia, and asymmetrical mitoses 
were summarized in an 1897 book  [  3  ] . Von 
Hansemann’s teaching and his book were at that 
time considered revolutionary and quite contro-
versial, stimulating many scienti fi c discussions 
 [  4  ] . Nevertheless, the book was apparently 
widely read, and it reappeared 5 years later in its 

second edition (Fig.  1.1 ). In contrast to many 
theoretical textbooks dominating the  fi eld of 
pathology, this treaty was based on meticulous 
microscopic study of tumors and could be con-
sidered “evidence based.” It was illustrated with 
original drawings supporting the author’s views 
of cancer (Fig.  1.2 ). The clarity of these illustra-
tions is fascinating even today.   

 In the 1920s, Albert C. Broders of the Mayo 
Clinic pathology staff published his experience 
with grading of squamous cell carcinoma of the 
lip and skin and correlated the histologic grade 
with the outcome of the of the neoplastic disease 
in patients harboring these tumors (Fig.  1.3 ) 
 [  5,   6  ] . Broders implied that all malignant tumors 
could be divided into four groups, depending on 
the extent of tumor cell differentiation. He used a 
four-tiered system and classi fi ed tumors into 
those that contain 25, 50, 75 or 100 % incom-
pletely differentiated of the cells. His ideas on 
grading of tumors were subsequently adopted by 
many others and applied to tumors in other organ 
systems.  

 Greenough was the  fi rst to propose the idea 
of histologic grading for breast cancers in 1925 
 [  7  ] . He and his colleagues assigned a grade to 
tumors based on the overall evaluation of eight 
histologic features. Using a three-tiered grading 
system, these authors showed a clear association 
between tumor grade and the 5-year “cure” in 
their clinical-pathologic study. It is fair to say 
that all the current breast grading systems stem 
from his original ideas and the work from the 
early twentieth century. 

    I.   Damjanov ,  M.D., Ph.D.   
     Department of Pathology , 
 The University of Kansas School of Medicine ,
  Kansas City ,  KS ,  USA    
e-mail:  idamjano@kumc.edu   

      History and General Aspects 
of Tumor Grading       

     Ivan   Damjanov              

  Malignity only differs in degree. 
 Rudolph Virchow, 1860   
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  Fig. 1.1    Front page of the second edition of von Hansemann’s textbook       
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 The concepts and conclusions drawn from 
these early studies have been used and modi fi ed 
repeatedly during the following years  [  8–  10  ] . 
Some of the early students of grading com-
bined it with staging, and their eponymous sys-
tems, such as the Dukes system for classifying 
colonic cancer  [  8  ] , survived up to modern 
times. For breast cancer alone, more than 10 
grading methods and their modi fi cations have 
been proposed. By the late 1990s, over 40 his-
tologic grading systems for prostatic carcinoma 
were proposed  [  11  ] . 

 Despite a plethora of longitudinal retrospec-
tive and prospective studies showing the useful-
ness of microscopic grading, the idea of routine 
tumor grading did not gain much popularity 
among clinicians and pathologists up to 1970s. 
This was partly due to the complexity and subjec-
tivity of some grading systems and partly due to 
the limitation of treatment options corresponding 
to different grades of the tumor. However, as the 
treatment options multiplied, the need for better 
strati fi cation of patients became imperative. 

Carriaga and Henson  [  12  ]  found that the overall 
frequency of grading increased over the 15-year 
period of 1973–1987 by 18 % for all sites com-
bined: 65 % of all cancers were graded in 1983–
1987, compared with 47 % in 1973–1977. 

 Today there is an overwhelming consensus 
that tumor grading has in many instances not only 
a prognostic value, but also it might have a 
signi fi cant impact for choosing optimal treatment 
for particular tumors (predictive value).  

    1.2   General Principles of Tumor 
Grading 

 The main principle of tumor grading, originat-
ing from Broders’ earlier work, is to identify 
parts of the tumor that are differentiated and 
express the extent of differentiation as a per-
centage of the entire tumor. The grading 
method is to use standard light microscopic 
interpretation of hematoxylin and eosin (H&E)-
stained tissue sections. Some earlier grading 

a

b

c

d

  Fig. 1.2    Artist’s drawing of    squamous carcinoma cells (From Von Hansemann D (1902) Die mikroskopische Diagnose 
der bösartigen Geschwülste, 2nd edn. A. Hirschwald, Berlin)       
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systems required grading of up to 15 histologic 
features which included grading of growth pat-
tern, cell morphology, and tumor stromal 
response  [  13  ] . Such elaborate systems were 

found to be, however, cumbersome, unreliable, 
and not always reproducible. Therefore, a good 
grading scheme should be simple, easy to per-
form, reliable, and reproducible and should be 
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  Fig. 1.3    Broders’ seminal paper on grading of tumors (Broders  [  5  ] )       
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able to pass the test of time and prove to be 
clinically useful  [  14  ] . 

 The grading process in general includes 
assessment of both the architectural and cytologic 
features of a tumor. Some grading systems focus, 
however, mainly on one histologic feature. For 
example, grading of prostatic adenocarcinoma is 
based entirely on the architecture feature, and 
grading of renal cell carcinomas is based entirely 
on their nuclear features. In general, the most 
poorly differentiated part of the tumor determines 
the  fi nal tumor grade, with the exception of the 
Gleason grading system for prostatic adenocarci-
noma in which the two most prevalent patterns 
are used for grading. It is worth mentioning, how-
ever, that even such well-established systems as 
the Gleason grading of prostate carcinoma are 
still being modi fi ed; a need for the identifying a 
tertiary pattern has been formulated, and the 
reporting of cancer grades was found to vary even 
among the urologic pathologists  [  15,   16  ] . 

 So far, all grading systems are designed for 
grading the primary untreated tumor. Attempts 
have been made to apply the same grading scheme 
for metastatic foci and residual tumors after radi-
ation and/or chemotherapy. Currently, there is no 
general consensus on this issue.  

    1.3   Ancillary Methods Used 
in Tumor Grading 

 Almost all systems for grading of malignant 
tumors are currently based on morphologic eval-
uation of tumor sections under the microscope. 
Several improvements of the time-honored 
microscopic approach have been recommended, 
but few of these have been adopted in routine sur-
gical pathology practice. Probably the most nota-
ble exception is the immunohistochemical 
staining with the antibody MIB-1 (Ki-67), recog-
nizing cell proliferation. This immunohistochem-
ical technique has been proposed as an objective 
supplement of several tumor-grading systems, 
including the grading of breast carcinoma, brain 
astrocytoma, and lymphoma  [  17,   18  ] . It is 
expected that with advanced understanding of 
diseases and development of new technology, 

prognostic biomarkers and genetic information 
may be incorporated in tumor grading in the 
future. 

 The prognostic and predictive value of micro-
scopic tumor grading can be enhanced by using 
other immunohistochemical methods  [  17–  21  ] . 
For example, in breast carcinoma, immunohis-
tochemical data with antibodies to estrogen 
receptor, bcl-2 gene product, and Her2/neu have 
predictive value in both univariate and multivari-
ate analysis and are useful for predicting the 
patients’ response to speci fi c therapy  [  18  ] . In 
most instances however, there is no consensus on 
the value of these ancillary methods. For exam-
ple, the International Consensus Panel on cytol-
ogy and bladder tumor markers could not agree 
on the value of multiple markers in predicting 
tumor recurrence, progression, metastasis, or 
response to therapy  [  19  ] . This Panel evaluated 
various prognostic indicators and classi fi ed them 
into six groups:

   Microsatellite-associated markers  • 
  Proto-oncogenes/oncogenes  • 
  Tumor suppressor genes  • 
  Cell cycle regulators  • 
  Angiogenesis-related factors  • 
  Extracellular matrix adhesion molecules    • 
 The members of the Panel concluded that cer-

tain markers, such as Ki-67 and p53, appear to be 
promising in predicting recurrence and progres-
sion of bladder cancer, but the data are still 
incomplete. It was also concluded that no con-
sensus should be attempted until major prospec-
tive studies are performed and de fi nitive criteria 
for test positivity are de fi ned. Further recommen-
dation included performing studies of clearly 
de fi ned patient populations, standardization of 
techniques for evaluating the markers, and clearly 
speci fi ed clinical endpoints with good statistical 
documentation. 

 The use of ancillary methods has been espe-
cially championed by the neuropathologists who 
have used several techniques to estimate the prolif-
erative potential of brain tumors. As summarized 
in a recent review article by Quinones-Hinojosa 
 [  21  ]  in addition to immunohistochemical stain-
ing with antibody Ki-67 (MIB-1), such measure-
ments can include bromodeoxyuridine labeling 
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index (BrdU LI),  fl ow cytometry (FCM), and 
staining for the proliferating cell nuclear anti-
gen (PCNA) and argyrophilic nucleolar orga-
nizing regions (AgNOR). At the present time, 
MIB-1 and AgNOR are the simplest and most 
reliable of these techniques. Radiographic stud-
ies such as positron emission tomography (PET), 
single photon emission computed tomography 
(SPECT), and most recently magnetic resonance 
spectroscopy (MRS) used as follow-up measures 
have the potential to provide an assessment of 
tumor proliferation without the need for invasive 
measures.  

    1.4   Clinical Value of Tumor 
Grading 

    Data obtained by tumor grading are usually com-
bined with those obtained by tumor staging and 
other clinical approaches and are then evaluated 
by multivariate analysis. In most studies of this 
kind, it has been shown that tumor grade contrib-
utes to the multivariate prognosis, but in some, it 
was shown that the grading could be in itself a 
valid prognosticator even in a univariate analysis. 
Henson  [  9  ]  in 1988 published a study on the rela-
tion between tumor grade and patient outcome. 
More than 500,000 cases from 15 anatomic sites 
with up to 9-year follow-up were reviewed. The 
results showed that stage by stage, the grade fur-
ther subdivided the overall survival rates for each 
site into distinct subsets that were signi fi cantly 
different. Carriaga and Henson  [  12  ]  later per-
formed a similar study and demonstrated that the 
histologic grade is a strong predictor of outcome 
that re fi nes the prognostic information provided 
by the stage of disease. There are numerous other 
studies reported in the literature showing that 
microscopic tumor grading has independent 
prognostic value  [  14–  17  ] . 

 Due to the availability of different treatment 
options, tumor grading now has an additional 
clinical value as guidance for therapy choice. 
While surgical resection may suf fi ce for a low-
grade tumor, additional radiation and/or chemo-
therapy may be necessary for high-grade tumors. 
By combining grading with staging and clinical 

data, one may construct nomograms which may 
predict the outcome of the treatment, disease-free 
survival, or cure rate. This may be true for many 
epithelial tumors, brain tumors, as well as sarco-
mas of bones and soft tissues, even though many 
tumors still do not lend themselves to grading 
 [  22,   23  ] . Nevertheless, most tumors can be 
strati fi ed microscopically, and if the grade 
assigned to them is combined with grading and 
other clinical data, it may serve as a powerful 
predictor of clinical outcome of neoplastic dis-
ease, as well as for choosing the appropriate ther-
apy for many cancer patients.  

    1.5   Perspective 

 Grading of tumors has been an integral part of the 
pathologic examination of biopsies and surgi-
cally resected tumors for close to 100 years. 
During that period, numerous studies have been 
performed on the value of grading, and numerous 
modi fi cations of various systems have been pro-
posed and tested. Grading of tumors could be 
thus considered as a work in progress, and addi-
tional efforts to improve the existing schemes are 
obviously necessary. This will require additional 
prospective studies, improvement of the intra- 
and interobserver variability, statistical evalua-
tion of reproducibility, and correlation with the 
end-point treatment outcome results. 

 Current systems for grading tumors are far from 
perfect and ideal. New modi fi cations of old systems 
are constantly tested, and many improvements are 
reported, often validated in practice or reviewed in 
view of the contributions of the new technologies 
 [  23,   24  ] . Controversies persist, but still, the general 
consensus of pathologists, surgeons, and clinical 
oncologists is that the tumor grades deserve to be 
part of routine pathology reports for most tumors 
and should be performed by diagnostic patholo-
gists as meticulously as the situation requires  [  25  ] . 
In concordance with this approach, the Association 
of Directors of Anatomic and Surgical Pathology 
(ADASP) also recommended that tumor grades 
be included in standardized surgical pathology 
reports, implying that such reporting could contrib-
ute positively to patient care  [  26  ] . Although there 
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are still no universal position papers on the use of 
modern technologies, intuitively, most of us also 
believe that the technologic advances in the  fi eld of 
molecular and cancer cell biology will signi fi cantly 
contribute to the grading of tumors and make it 
even more clinically relevant than ever before.      
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          2.1   Introduction 

 Head and neck tumors most often originate from 
the squamous epithelium, but they can also arise 
from the sinonasal mucosa and salivary glands. 
Squamous cell carcinoma (SCC) of this region is 
the sixth commonest cancer worldwide and thus 
forms a signi fi cant part of routine work in pathol-
ogy. Benign and potentially malignant intraepi-
thelial lesions, carcinoma in situ, and invasive 
SCC are by far the most frequent entities in this 
region. The grading of these lesions is of consid-
erable clinical signi fi cance and is performed rou-
tinely. In addition to SCC and its variants, other, 
although infrequent, malignant tumors can be 
found in the head and neck region. Some of them 
are identical to homonymous tumors in other 
parts of the body, such as adenocarcinoma, malig-
nant tumors of the salivary glands, and neuroen-
docrine carcinomas, whereas others, such as 
sinonasal undifferentiated carcinoma and olfac-
tory neuroblastomas, are unique to this region. 
This chapter will review the most important 
malignant tumors and precursor lesions in this 
part of the body.  

    2.2   Squamous Intraepithelial 
Lesions of the Mouth 
and Larynx 

 It is widely accepted that the transition from a 
normal epithelium to SCC of the oral and laryn-
geal mucosa is a lengthy, comprehensive, and 
multistage process, causally related to a progres-
sive accumulation of genetic changes leading to 
the selection of a clonal population of trans-
formed epithelial cells. The entire spectrum of 
histological changes occurring in this process has 
recently been cumulatively designated squamous 
intraepithelial lesions (SILs), ranging from 
squamous hyperplasia to carcinoma in situ (CIS) 
 [  1,   2  ] . SILs of the oral and laryngeal mucosa are 
usually de fi ned clinically as leukoplakia, erythro-
plakia (white or reddish plaques), and chronic 
laryngitis. Tobacco, whether smoked or chewed, 
and alcohol abuse, and especially a combination 
of these two detrimental factors, are major 
identi fi able risk factors for oral and laryngeal 
SILs  [  1–  5  ] . However, human papilloma virus 
(HPV) infection, with a high prevalence of HPV 
16 and 18 genotypes, may also be implicated in 
oral leukoplakia as an infecting agent. HPV DNA 
prevalence of potentially malignant lesions in 
oral cavity ranges from 0 to 85 %  [  6,   7  ] . 

 Regrettably, neither generally accepted crite-
ria nor uni fi ed terminology has to date been pro-
vided for a histological grading system of oral 
and laryngeal SILs. Evidence of the inability to 
set up a single, uni fi ed classi fi cation of SILs was 
manifested in the World Health Organization 
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(WHO) classi fi cation of head and neck tumors, 
published in 2005, in which three different grad-
ing systems were presented: the dysplasia sys-
tem, the classi fi cation of squamous intraepithelial 
neoplasia (SIN), and the classi fi cation which 
incorporates the tenets of the European consen-
sus system known as the Ljubljana classi fi cation. 
The Ljubljana system nominally recognizes four 
grades and, from prognostic points of view, three 
groups: simple hyperplasia (SH) and basal/para-
basal cell hyperplasia (BPH) are mainly benign 
categories with a minimum risk of malignant 
alteration, atypical hyperplasia (AH) or risky epi-
thelium is potentially, and carcinoma in situ (CIS) 
actually a malignant lesion  [  1,   2  ] .

    • Squamous Cell Hyperplasia.  This benign 
hyperplastic process shows thickening of the 
prickle cell layer. The basal and parabasal lay-
ers are unchanged (Fig.  2.1 ).   
   • Basal and Parabasal Cell Hyperplasia.  In 
this lesion, there is an increased thickness of 
basal and parabasal cells in the lower half of 

the epithelium; the upper part contains regu-
lar prickle cells. Strati fi cation is preserved. 
Augmented basal and parabasal cells show 
moderately enlarged nuclei; rare regular mito-
ses may be seen in or near the basal layer 
(Fig.  2.2 ).   
   • Atypical Hyperplasia or Risky Epithelium.  
This potentially malignant lesion is character-
ized by the preserved strati fi cation of squamous 
cells, which, however, show mild to moderate 
cytological atypia. The cells also have an 
increased nuclear to cytoplasmic ratio. Altered 
epithelial cells are mainly perpendicularly ori-
ented to the basement membrane and occupy 
the lower half or more of the entire epithelium. 
Mitoses are increased in number and are found 
in the lower two-thirds of the epithelium. 
Mitoses are rarely, if ever, abnormal. 
Dyskeratotic cells are frequently present. Two 
subtypes are recognized: basal and spinous 
cell type (Fig.  2.3 ).   

  Fig. 2.1    Squamous cell hyperplasia. The prickle cell 
layer is thickened, but the basal layer is of normal 
thickness       

  Fig. 2.2    Basal and parabasal cell hyperplasia. The layers 
of basal and parabasal cells extend up to the middle of 
epithelial thickness; the upper part of the prickle cell layer 
shows no alterations       
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   • Carcinoma In Situ.  This lesion is character-
ized by a loss of epithelial strati fi cation, mod-
erate to severe cytological atypia of epithelial 
cells, and an increased number of mitotic 
 fi gures within the whole epithelium, which are 
often abnormal. Two subtypes are found: basal 
and spinous cell type (Fig.  2.4 ).     

    2.2.1   Comments 

     1.    Traditional light microscopic examination 
remains the most reliable method for deter-
mining an accurate diagnosis of SILs, in spite 
of certain subjectivity in interpretation.  

    2.    The Ljubljana classi fi cation has been found 
to be precise for daily diagnostic work and 
provides data that have been shown to be 
closely correlated to the biological behavior 
of the lesions  [  1,   2  ] . The eventual outcome 
of laryngeal SILs patients so graded justi fi es 
the proposal for separating the lesions into a 
benign group (SH and BPH) and a  potentially 

malignant group (AH), showing malignant 
transformation in 0.9 and 11 % of cases, 
respectively  [  1  ] . Conversely, the results of 
malignant transformation studies vary con-
siderably for each particular grade classi fi ed 
according to the dysplasia and squamous 
intraepithelial neoplasia (SIN) systems, as 
follows: squamous hyperplasia from 0 to 
4.1 %, group of mild dysplasia and SIN I 
from 0 to 11 %, group of moderate dysplasia 
and SIN II from 4 to 24 %, and group of 
severe dysplasia and SIN III from 9.3 to 
57 %  [  1  ] .  

    3.    Malignant transformation rates of oral leuko-
plakia range from 0.13 to 17.7 %. Leukoplakia 
of the tongue and  fl oor of the mouth shows a 
higher risk of malignant transformation 
according to some authors, while others have 
not found speci fi c oral subsets at high risk 
 [  6,   7  ] . Erythroplakia has the highest transfor-
mation rate among all precursor lesions, rang-
ing from 14.3 to 50.0 %  [  8  ] .       

  Fig. 2.3    Atypical hyperplasia. The basaloid cells, which 
show mild to moderate atypia but the strati fi cation of cells 
is preserved, occupy the whole thickness of the epithe-
lium. The cells also have an increased nuclear-cytoplas-
mic ratio       

  Fig. 2.4    Squamous cell carcinoma in situ. The epithe-
lium shows a loss of normal strati fi cation. The cells show 
moderate to severe atypias and increased mitotic activity       
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    2.3   Squamous Cell Carcinoma 
of the Head and Neck 

 SCC is the most common malignant tumor of the 
head and neck accounting for approximately 
90 % of all malignant tumors at this location. The 
majority are conventional-type SCC. The com-
mon locations include the oral cavity, orophar-
ynx, hypopharynx, and the larynx. Less frequently 
it arises in other locations, such as the nasal cav-
ity and paranasal sinuses and the nasopharynx. 

 SCC is traditionally graded into well differen-
tiated (grade 1), moderately differentiated 
(grade 2), and poorly differentiated SCC (grade 
3) according to the degree of differentiation, 
 cellular pleomorphism, and mitotic activity. 
Although keratinization is more likely to be pres-
ent in well- or moderately differentiated SCC, it 
should not be considered an important histologi-
cal criterion in grading SCC  [  8  ] .

    • Grade 1: Well-Differentiated Squamous Cell 
Carcinoma.  This tumor resembles closely 
normal squamous epithelium and contains 
varying proportions of large, differentiated 
keratinocyte-like squamous cells and small 
basal-type cells, which are usually located at 
the periphery of the tumor islands. Intercellular 
bridges are always present. Keratin pearls are 
frequently found; mitoses are scanty 
(Fig.  2.5a ).   
   • Grade 2: Moderately Differentiated Squamous 
Cell Carcinoma.  This tumor exhibits more 
nuclear pleomorphism and an increased num-
ber of mitoses, including abnormal mitoses; 
there is usually less keratinization (Fig.  2.5b ).  
   • Grade 3: Poorly Differentiated Squamous Cell 
Carcinoma.  In this tumor, basal-type cells pre-
dominate, with a high mitotic rate, including 
abnormal mitoses, barely discernible intercel-
lular bridges, and minimal, if any, keratiniza-
tion (Fig.  2.5c ).    
 Several variants of SCC have been described, 

including verrucous carcinoma, spindle cell carci-
noma, basaloid SCC, papillary SCC, lymphoepi-
thelial carcinoma, adenoid (acantholytic) SCC, 
and adenosquamous carcinoma. Their recognition 
is important because most of them are true clini-
copathologic entities, with a different  prognostic 

implication: basaloid SCC, adenosquamous 
carcinoma, and lymphoepithelial carcinoma are 
more aggressive than conventional SCC, while 
verrucous SCC and, arguably, papillary SCC 
have a better prognosis than conventional 
SCC  [  7  ] . 

 SCC of the head and neck has been tradition-
ally etiologically related to tobacco smoking or 
chewing and alcohol abuse. Recent studies have 
discovered a new etiologic agent – infection with 
HPV, particularly HPV types 16 and 18. These 
tumors show rather characteristic clinicopatho-
logic features and mostly arise in the oropharynx 
(palatinal and lingual tonsils). HPV infection in 
SCC at other sites is exceptional  [  9–  11  ] . 
Morphologically, HPV-positive SCCs are usually 
similar to the basaloid SCC and occasionally to 
papillary or lymphoepithelial SCCs, whereas the 
role of HPV in some other SCC subtypes (e.g., 
verrucous carcinoma) is controversial. Spindle 
cell carcinoma and acantholytic SCC are proba-
bly not HPV-related variants of SCC. 

 Most HPV-positive SCCs lack keratinization, 
and some authors have proposed the term “non-
keratinizing HPV-positive SCC.” They are usu-
ally composed of tumor cells of basaloid 
appearance, which lack maturation, exhibiting at 
least moderate degree of atypia (Fig.  2.6a ). 
Despite its resemblance to basaloid SCC, its 
behavior and prognosis is different, and deter-
mining HPV status has an important prognostic 
implication. HPV-positive SCC has been demon-
strated to respond well to radiotherapy and to 
have an improved survival in comparison to HPV-
negative SCC  [  9–  12  ] . It has been therefore pro-
posed that HPV status should be assessed in all 
cases of basaloid SCC, particularly of the 
oropharynx. At the present time, in situ hybrid-
ization (Fig.  2.6c ) and polymerase chain reaction 
(PCR) are the most reliable methods for deter-
mining HPV status  [  11  ] .  

 HPV-positive SCCs overexpress the p16 gene 
product (Fig.  2.6b ). It has been hypothesized 
that this effect is a consequence of the distinct 
molecular mechanisms of carcinogenesis asso-
ciated with HPV infection through pRb inacti-
vation by the HPV E7 oncoprotein and 
upregulation of the p16 protein  [  12  ] . 
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a

c

b

  Fig. 2.5    Invasive squamous cell carcinoma. ( a ) Well-differentiated squamous cell carcinoma (grade 1). ( b ) Moderately 
differentiated squamous cell carcinoma (grade 2). ( c ) Poorly differentiated squamous cell carcinoma (grade 3)       
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a
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b

  Fig. 2.6    Non-keratinizing squamous cell carcinoma of 
the palatinal tonsil. ( a ) The tumor is composed of nests 
of cells showing no signs of keratinization. 

( b ) Immunohistochemistry shows diffuse strong expres-
sion of p16. ( c ) In situ hybridization reveals HPV type 
16/18 in the majority of tumor cells       
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Overexpression of p16 is  generally accepted as 
a surrogate marker of HPV infection, though 
lacking the suf fi cient speci fi city to replace in 
situ hybridization or PCR. The general consen-
sus is that p16 immunohistochemistry and HPV 
in situ hybridization are complementary, with 
p16 being an appropriate screening tool  [  11  ] . 

    2.3.1   Comments 

     1.    Traditional grading of SCC is subjective, and 
its prognostic signi fi cance is controversial. 
Some studies have suggested that the grade of 
SCC has a signi fi cant in fl uence on prognosis 
 [  13,   14  ] , while others have not con fi rmed this 
observation  [  15  ] .  

    2.    Variations in differentiation are frequently 
observed within a single tumor, but grading 
must be based on the worst differentiated area.  

    3.    A subset of SCCs in the head and neck are 
associated to HPV infection, particularly in the 
oropharynx. These are usually non-keratinizing 
tumors with basaloid appearance. Determining 
HPV status is important because HPV-positive 
SCCs are more radiosensitive and have a better 
prognosis than HPV-negative SCCs.       

    2.4   Nasopharyngeal Carcinoma 

 Nasopharyngeal carcinoma (NPC) arises from 
the nasopharyngeal epithelium and shows squ-
amous cell differentiation. The 2005 WHO 
classi fi cation recognizes three main groups of 
these tumors: keratinizing NPC, non-keratinizing 
(differentiated and undifferentiated) NPC, and 
basaloid NPC  [  16,   17  ] . Etiologically, NPC is 
related to race, Epstein-Barr virus (EBV) infec-
tion (non-keratinizing NPC), and genetic changes. 
NPC is a rare tumor, with fewer than 1/100,000/
year, except in regions of South China, North 
Africa, and the Arctic region (20–30/100,000/
year). The lateral and posterior-superior walls of 
the nasopharynx are the commonest locations of 
the tumors, which are intimately related to the 
nasopharyngeal lymphoid tissue. Clinically, a 
considerable number of patients may have occult 

primary tumors, and the  fi rst presentation is cer-
vical lymph node metastases localized in the pos-
terior cervical triangle or superior jugular region. 
Although a multistep evolution of NPC is pro-
posed, precursor lesions and carcinoma in situ 
have been identi fi ed in only 3–8 % of cases. The 
5-year disease-speci fi c survival is 81 % and over-
all survival about 75 %.

    • Keratinizing, Conventional Squamous Cell 
Carcinoma . This type of NPC accounts for 
about 25 % of cases and microscopically 
shows de fi nite evidence of squamous differen-
tiation (keratin pearls and intercellular 
bridges). Just as other squamous cell carcino-
mas, they are graded into well-differentiated, 
moderately, or poorly differentiated neo-
plasms. It is not usually related to EBV 
infection.  
   • Non-keratinizing NPC, Differentiated and 
Undifferentiated Carcinoma . This is the com-
monest form of NPC, accounting for about 
75 % cases. Subclassi fi cation into differenti-
ated and undifferentiated subtypes is clini-
cally not decisive; both subtypes are related 
to EBV infection in 75–100 % of cases. The 
differentiated type is composed of solid sheets 
and interconnecting cords of focally strati fi ed 
neoplastic hyperchromatic cells of medium 
size with evident nuclear pleomorphism, 
increased mitotic activity, and increased 
nuclear-cytoplasmic ratio. There is no evi-
dence of keratinization (Fig.  2.7 ). The undif-
ferentiated type is characterized by 
well-de fi ned epithelial aggregates or a syncy-
tial growth pattern, also called the “Regaud 
type,” or by ill-de fi ned sheets, clusters, or dis-
sociated cells, intermingled with lympho-
cytes, also called the “Schmincke type.” 
Syncytial-appearing cells have an indistinct 
cell membrane and large, round to oval vesic-
ular nuclei with prominent eosinophilic 
nucleoli. Tumor cells have scant, usually 
amphophilic cytoplasm. These cells are larger 
than cells of the differentiated type of NPC. 
Stromal lymphocytes are part of the native 
lymphoid tissue of the nasopharyngeal 
mucosa (Fig.  2.8 ). Overlapping of differ-
entiated and undifferentiated types of 
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 non-keratinizing NPC may be present. Precise 
separation is dif fi cult to achieve and has no 
clinical and prognostic signi fi cance  [  16,   17  ] . 
NPC is classi fi ed according to its dominant 
component.      

    2.4.1   Comments 

 Non-keratinizing NPC has a broad differential 
diagnosis including malignant melanoma, lym-
phoma, olfactory neuroblastoma, neuroendocrine 
carcinoma, Ewing sarcoma, and undifferentiated 
sinonasal carcinoma (SNUC). A wide spectrum 
of immunohistochemical markers and in situ 
hybridization for EBV detection has to be applied. 
Non-keratinizing NPC shows characteristic posi-
tivity for cytokeratins CK5/6 and CK13 and EBV. 
Poor prognosis is associated with advanced clini-
cal stage, cranial nerves involvement, keratiniz-
ing histology, and absence of EBV  [  16  ] .   

    2.5   Sinonasal Carcinomas 

 Sinonasal malignant tumors are rare, represent-
ing about 0.2–0.8 % of all human malignant neo-
plasms and about 3 % of all malignancies of the 
head and neck. They mostly originate in the max-
illary sinus (60 %), followed by the nasal cavity 
(20–30 %), ethmoid sinus (10–15 %), and the 
frontal and sphenoid sinus (1 %). The incidence 
of these tumors is very low in most populations, 
except in the East and Southeast Asia. Squamous 
cell carcinoma is the most common form of 
sinonasal carcinomas. Poorly differentiated neo-
plasms predominate over well-differentiated ones 
within this area. 

    2.5.1   Squamous Cell Carcinoma 

 The 2005 WHO classi fi cation of head and neck 
tumors proposed the following histopathological 

  Fig. 2.7    Non-keratinizing differentiated nasopharyngeal 
carcinoma. Interconnecting cords of moderately pleomor-
phic cell with hyperchromatic nuclei in fi ltrated and sur-
rounded by abundant nonneoplastic lymphocytes       

  Fig. 2.8    Non-keratinizing undifferentiated nasopharyn-
geal carcinoma. Cohesive islands and trabeculae of large 
cells with round vesicular nuclei and prominent eosino-
philic nucleoli in fi ltrated by lymphocytes       

  



172 Tumors of the Head and Neck

classi fi cation of sinonasal SCC: keratinizing 
SCC, non-keratinizing (cylindrical cell or transi-
tional) carcinoma, and variants of SCC. These 
tumors show a wide range of differentiation, and 
particularly poorly differentiated forms may 
show a considerable overlap histologically, mak-
ing their distinction dif fi cult, especially in small 
biopsies  [  17,   18  ] . However, compared to conven-
tional SCC, the non-keratinizing type is above all 
a locally aggressive tumor and mainly has a bet-
ter prognosis than the conventional, keratinizing 
form. Only non-keratinizing carcinoma is a dis-
tinctive phenotype of the sinonasal tract, while 
keratinizing SCC and its variants are identical to 
homonymous tumors in the head and neck region 
and other parts of the human body.

    • Non-keratinizing Carcinoma . This distinctive 
form of SCC, derived from the respiratory 
(Schneiderian) epithelium, is composed of thick 
ribbons of multilayered cylindrical cells, often 
surrounded by the basement membrane. Inverted 
growth arising from the surface epithelium in 
the form of interconnected bands of neoplastic 
epithelium is the characteristic hallmark of this 
type of sinonasal carcinoma. The elongated or 
oval cells show nuclear pleomorphism, hyper-
chromasia, and increased mitotic activity. The 
cells arranged along the basement membrane 
may be perpendicularly oriented (Fig.  2.9 ).      

    2.5.2   Sinonasal Undifferentiated 
Carcinoma (SNUC) 

 This high-grade neoplasm is very rare, character-
ized as a highly aggressive and clinicopathologi-
cally distinctive cancer of uncertain histogenesis 
with extremely poor prognosis. Microscopically, 
it is composed of medium- to large-sized undif-
ferentiated cells, which form nests, sheets, and 
ribbons with frequent areas of central necrosis 
and a tendency to perineural and intravascular 
invasion. The cells have round to oval large 
hyperchromatic to vesicular nuclei; nucleoli are 
typically prominent but in some cases may also 
be inconspicuous. Most cells have a small amount 
of cytoplasm with poorly de fi ned cell membranes. 
However, distinct cell borders are also described 

in some cases. A nuclear-cytoplasmic ratio is 
high. Increased mitotic activity is evident, as are 
atypical mitoses as well as numerous apoptotic 
cells (Fig.  2.10 ). There is no evidence of squamous 
or glandular differentiation; neuro fi brillary mate-
rial and true neural rosettes have also not been 
identi fi ed  [  19,   20  ] .   

    2.5.3   Adenocarcinomas 

 These neoplasms of the sinonasal tract are 
classi fi ed into salivary and non-salivary types. 
The  fi rst group includes salivary-speci fi c tumors, 
such as mucoepidermoid carcinoma and adenoid 
cystic carcinoma. The non-salivary group is 
divided into intestinal and non-intestinal types. 
The latter are further divided into low- and high-
grade tumors. All adenocarcinomas of the sinon-
asal area together, including salivary gland-type 
malignant tumors, comprise 10–20 % of primary 
sinonasal malignant neoplasms.

  Fig. 2.9    Non-keratinizing sinonasal squamous cell carci-
noma. Thick ribbons of polystrati fi ed cylindrical and basal 
cells, form palisade arrangements, oriented perpendicu-
larly to the basement membrane       
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    • Intestinal-Type Adenocarcinomas.  The 2005 
WHO classi fi cation of head and neck tumors 
accepted both the Barnes  [  21  ]  and Kleinsasser 
and Schroeder  [  22  ]  classi fi cations of intestinal-
type adenocarcinomas (Table  2.1 ). The two 
classi fi cations share many similarities, and 
their use depends on personal preference. The 
papillary type (well-differentiated, papillary 
tubular cylinder cell I or PTCC I) displays a 
predominant papillary growth pattern with 
occasional tubular glands, cellular atypias are 
minimal, and mitotic activity is low. Columnar 
cells are frequently arranged with the long axis 
perpendicular to the basement membrane; they 
may also be strati fi ed. The cells have eosino-
philic cytoplasm and round to oval vesicular or 
hyperchromatic nuclei. Focally goblet cells 
may also be present (Fig.  2.11 ). Some neo-
plasms are only in situ, but most of them are 
obviously invasive. The colonic type (PTCC II) 
resembles large intestine cancers, with moder-
ately differentiated glands. A papillary pattern 

is  infrequent; strati fi ed cells show more pro-
nounced atypias and mitoses (Fig.  2.12 ). This 
type is the most frequent among all intestinal-
type adenocarcinomas. The solid variant (PTCC 
III) shows a diffuse proliferation of smaller 
cuboidal cells with pronounced cellular atypias 
(Fig.  2.13 ). Mitoses, also atypical, are numer-
ous. Neoplasms with the production of mucin 

a b

  Fig. 2.10    Sinonasal undifferentiated carcinoma. ( a ) 
Irregular cords and islands of medium-sized, undifferenti-
ated cells with slightly hyperchromatic nuclei and incon-

spicuous nucleoli surrounded by amphophilic cytoplasm. 
( b ) Intravascular invasion is a frequent  fi nding in SNUC       

   Table 2.1    Histological classi fi cation of sinonasal intesti-
nal-type adenocarcinomas    

 Barnes  [  21  ]   Kleinsasser and Schroeder 
 [  22  ]  

 Papillary type  PTCC I 
 Colonic type  PTCC II 
 Solid type  PTCC III 
 Mucinous type  Alveolar goblet cell 

 Signet-ring cell 
 Mixed  Transitional cell 

  Source: Modi fi ed from Barnes  [  21  ]  and Kleinsasser and 
Schoeder  [  22  ]  
  PTCC  papillary, tubular, cylindrical cell  

 



192 Tumors of the Head and Neck

(alveolar goblet signet ring) are divided into 
two types. One type is characterized by a solid 
island of cells, short papillary fronds and 
glands, as well as proliferations of signet-ring 
cells lying in the mucomyxoid stroma. Mucin 
is predominantly intracellular. The other type is 
composed of distended glands with abundant 
mucin production and surrounded by one layer 
of cylindrical or goblet cells. Pools of muci-
nous substance are also evident around glandu-
lar structures, often separated by thin strands of 
 fi brous stroma, creating an alveolar-like pattern 
(Fig.  2.14 ). A mixed (transitional) pattern is 
composed of two or more of the previously 
described types  [  23,   24  ] .       
   • Non-intestinal-Type Adenocarcinomas.  These 
tumors are neither intestinal nor salivary gland 

  Fig. 2.11    Intestinal-type adenocarcinoma, papillary 
type. Papillary outgrowth of the pseudostrati fi ed epithelial 
cells and tubuloglandular formations resemble primary 
intestinal adenocarcinoma       

  Fig. 2.12    Intestinal-type adenocarcinoma, colonic type. 
The tumor has a tubuloglandular growth pattern and form a 
few papillae, thus resembling colonic adenocarcinoma       

  Fig. 2.13    Intestinal-type adenocarcinoma, partially solid 
type. Parts of the tumor are solid, whereas others consist 
of tubules       
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adenocarcinomas. They are divided into low- 
and high-grade neoplasms. Low-grade tumors 
are composed of in fi ltrative small uniform 
glands with a back-to-back pattern without 
intermingled  fi brous stroma; some irregular 
cystic spaces may be present. Glands are lined 
by uniform cuboidal to columnar cells with 
uniform round nuclei. Cellular and nuclear 
pleomorphism is mild; mitoses are infrequent 
(Fig.  2.15 ). Rare variants include papillary, 
oncocytic, or clear cell patterns of adenocarci-
nomas. The high-grade variant shows a pre-
dominantly solid- or sheetlike growth, and a 
papillary or glandular pattern may also be pres-
ent. Tumor cell are pleomorphic, with increased 
mitotic activity; necroses and perineural growth 
are frequently present (Fig.  2.16 ).       

  Fig. 2.14    Intestinal-type adenocarcinoma, mucinous 
type. Abundant extracellular mucin forms pools contain-
ing scattered glands and numerous goblet cells       

  Fig. 2.15    Non-intestinal-type adenocarcinoma, low 
grade. Tumor is composed of glands in a back-to-back 
pattern. These neoplastic glands are lined by a single layer 
of cuboidal cells, which lack cellular and nuclear atypia       

  Fig. 2.16    Non-intestinal-type adenocarcinoma, high 
grade. Glandular growth pattern, exhibiting increased cel-
lular and nuclear atypias and increased mitotic activity       
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    2.5.4   Comments 

     1.    SNUC must be immunohistochemically dis-
tinguished from other round cell tumors of 
this area, such as olfactory neuroblastoma, 
neuroendocrine carcinoma, peripheral neu-
roectodermal tumor/Ewing sarcoma, rhab-
domyosarcoma, and malignant lymphoma. It 
is characteristically positive only for keratin; 
other markers, especially endocrine, are 
exceptionally positive.  

    2.    The histologic subtypes and grading of intesti-
nal types of adenocarcinomas are important 
predictive factors for local recurrence, meta-
static spread, and survival. The papillary type 
(PTCC I) has an indolent course, and 5-year 
survival is about 80 %; conversely, the solid 
type (PTCC III) and mucinous type have very 
poor survival rates  [  22  ] .  

    3.    The prognosis for non-intestinal-type adeno-
carcinomas strongly correlates with their 
grades  [  23  ] . Low-grade tumors have an excel-
lent prognosis, while the 3-year survival of 
patients with high-grade neoplasms is only 
about 20 % (Barnes et al. 2005).       

    2.6   Neuroendocrine Carcinoma 

 Neuroendocrine carcinomas (NECs) of the head 
and neck are uncommon. Their classi fi cation 
and grading have been recently the subject of 
debate, mostly due to reluctance to abandon old 
terminology (carcinoid, atypical carcinoid) 
instead of the newly proposed term “neuroen-
docrine carcinoma.” In the WHO classi fi cation, 
both the old and the new terminologies are 
included. 

 Similarly to other locations, NEC of the head 
and neck are divided into well-differentiated 
NEC (carcinoid), moderately differentiated NEC 
(atypical carcinoid), and poorly differentiated 
NEC (small cell carcinoma). The most common 
locations in the head and neck region are the lar-
ynx  [  25  ] , pharynx, and salivary glands. They are 
identi fi ed by immunohistochemistry showing 
expression of neuroendocrine markers, such as 
synaptophysin, chromogranin, Leu-7, CD56, 

CD57, and neuro fi lament protein. NEC may be 
associated with a paraneoplastic syndrome.

    • Well-Differentiated Neuroendocrine Carci-
noma (Carcinoid)  
 Well-differentiated NEC is the least common 
type of head and neck NEC. Microscopically, 
it is composed of small uniform cell growing 
in islands, ribbons, and cords, occasionally 
forming gland-like structures. The nuclei are 
round, with  fi nely dispersed chromatin and 
inconspicuous nucleoli; the cytoplasm is scant, 
clear, or eosinophilic. Mitoses are sparse or 
absent, and there is no necrosis or cellular 
pleomorphism. 
 The treatment of choice is complete but con-
servative surgical excision. Neck dissection is 
not indicated. Radiotherapy and chemotherapy 
have not proven effective. Prognosis is favor-
able, though metastases to the lymph nodes, 
liver, bones, and skin have been reported in 
one-third of patients.  
   • Moderately Differentiated Neuroendocrine 
Carcinoma (Atypical Carcinoid)  
 It is the most frequent type of NEC in the lar-
ynx constituting 54 % of all laryngeal NEC. 
Microscopically, the tumor grows in rounded 
nests, trabeculae, cords, ribbons, and glan-
dular structures; the tumor cells are round, 
with round nuclei and moderate amount of 
cytoplasm which is slightly eosinophilic or 
occasionally oncocytic. In contrast to well-
differentiated NEC, cellular pleomorphism, 
increased mitotic activity, and necroses are 
frequently present in moderately differenti-
ated NEC. Vascular and perineural invasion 
may be present (Fig.  2.17 ).  
 Differential diagnosis includes paraganglioma, 
adenocarcinoma, other neuroendocrine carci-
nomas, and medullary carcinoma of the thy-
roid gland. 
 Moderately differentiated NEC is an aggres-
sive, potentially lethal tumor. Lymph node 
metastases have been reported in 43 % of 
patients, cutaneous metastases in 22 %, and 
distant metastases in 44 % of patients, mostly 
to the lungs, liver, and bones. Surgery is the 
treatment of choice. Neck dissection is also 
advised because of the high incidence of 
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 cervical lymph node metastases. Radiation 
and chemotherapy have not been effective. 
The 5- and 10-year survival rates are 48 and 
30 %, respectively  [  7  ] .  
   • Poorly Differentiated Neuroendocrine Car-
cinoma (Small Cell Carcinoma)  
 Poorly differentiated NEC is the least differen-
tiated and the most aggressive type of NEC. It is 
rare, accounting for less than 0.5 % of all laryn-
geal carcinomas. Microscopically, it is identical 
to their pulmonary counterparts. It is composed 
of closely packed small cells with hyperchro-
matic round, oval, or spindle nuclei and very 
scant cytoplasm. Necroses, mitoses, as well as 
vascular and perineural invasion are frequently 
present (Fig.  2.18 ). Few cases of head and neck 
NECs have been described, consisting of large 
cells with more cytoplasm, resembling large 
cell NEC in the lungs and other locations  [  26  ] .  
 In the differential diagnosis, the possibility of 
a metastasis from the lung must be excluded. 

Poorly differentiated NEC must also not be 
confused with the basaloid squamous carci-
noma, malignant lymphoma, and malignant 
melanoma. 
 The clinical course is aggressive, character-
ized by early metastases to the regional lymph 
nodes and distant sites, especially to the lungs, 
bones, and liver. Radiation with chemotherapy 
is the treatment of choice. Surgical therapy is 
not indicated because most patients have dis-
seminated disease at presentation. Prognosis 
is poor; the 2- and 5-year survival rates are 16 
and 5 %, respectively  [  7  ] .     

    2.7   Olfactory Neuroblastoma 

 Olfactory neuroblastoma (ON) is a rare malignant 
neuroectodermal tumor arising from the olfactory 
membrane and represents 2–3 % of tumors of the 
sinonasal tract  [  27  ] . ON arises from the olfactory 

  Fig. 2.17    Moderately differentiated neuroendocrine car-
cinoma (atypical carcinoid). The tumor grows in rounded 
nests; the tumor cells are ovoid with elongated nuclei and 
moderate amount of cytoplasm which is slightly 
eosinophilic       

  Fig. 2.18    Poorly differentiated neuroendocrine carci-
noma (small cell carcinoma). It is composed of closely 
packed small cells with hyperchromatic and spindle nuclei 
and very scant cytoplasm. Necrosis and mitoses are fre-
quently present       
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neuroepithelium, which normally covers the supe-
rior third of the nasal septum, cribriform plate, and 
superior turbinate. Rarely, it arises in the paranasal 
sinuses. ON has a bimodal age distribution, with 
peaks in the second and sixth decades. It often 
appears as a large, unilateral polypoid mass. 

 The microscopic appearance of ON depends 
on the degree of differentiation. A lobular pattern 
is almost always present, regardless of the tumor 
grade. ON characteristically consists of small, 
round, so-called blue cells, slightly larger than 
mature lymphocytes (Fig.  2.19 ). Nuclei are 
hyperchromatic, with regularly dispersed chro-
matin; nucleoli, if present, are inconspicuous. 
The cytoplasm is sparse. Cells, arranged in a syn-
cytium, are nested in neuro fi brillary processes 
(Fig.  2.20 ). The presence of cellular and nuclear 
pleomorphism and the number of mitoses and 
necroses depend on the tumor grade. ON are 
graded according to the criteria proposed by V. J. 
Hyams (Table  2.2 ). In grades I and II, they are 
absent or limited, but they are present in high-

grade tumors (III and IV). ON may show two 
types of rosettes: in the Homer-Wright pseudoro-
sette, the tumor cells surround a central space 
 fi lled with a  fi nely  fi brillar neural matrix; they are 
mainly seen in grades I and II. In Flexner-
Wintersteiner true rosettes, the columnar tumor 
cells create a duct-like avascular space (Fig.  2.21 ); 
they may be present in grades III and IV. The lob-
ules of tumor cells are surrounded by sustentacu-
lar cells, typically positive for S-100. ON has 
highly vascular and edematous stroma; 
calci fi cations may be present.     

    2.7.1   Comments 

 Immunohistochemistry is decisive for the diag-
nosis of ON, since the tumors are positive for 
neuroendocrine markers, while keratin is usually 
negative  [  20,   27  ] . Frequent local recurrences 
considerably in fl uence the prognosis. Low-grade 
tumors have a reported 80 % 5-year survival 

  Fig. 2.19    Olfactory neuroblastoma, grade I. Well-de fi ned 
lobular growth of “small round blue cells” is characteristic 
of a low-grade tumor       

  Fig. 2.20    Olfactory neuroblastoma, grade II. Small cells 
hyperchromatic nuclei without conspicuous cellular vari-
ability are embedded in neuro fi brillar matrix       
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compared to 40 % 5-year survival for high-grade 
tumors  [  27  ] .   

    2.8   Salivary Gland Carcinomas 

 Salivary gland carcinomas represent 3–5 % of all 
malignant tumors of the head and neck. The 
tumor type and histologic grade are important 

predictors of outcome. Low- and intermediate-
grade carcinomas have a 5-year survival rate of 
85–90 %, while high-grade carcinomas have a 
5-year survival rate of roughly 40 %  [  28  ] . 

 Nevertheless, all salivary gland carcinomas 
are not graded. Some of them are by de fi nition 
high-grade tumors (e.g., salivary duct carcinoma, 
myoepithelial carcinoma, SCC), and others are 
low-grade tumors (e.g., polymorphous low-grade 
adenocarcinoma, acinic cell carcinoma, basal cell 
adenocarcinoma, epithelial-myoepithelial carci-
noma). Very rarely low-grade tumors undergo 
high-grade transformation (“dedifferentiation”), 
becoming highly aggressive tumors that have a 
poor prognosis (e.g., acinic cell carcinoma, ade-
noid cystic carcinoma). 

 Two salivary gland carcinomas that are consis-
tently graded are mucoepidermoid and adenoid 
cystic carcinoma. In addition, carcinoma ex pleo-
morphic adenoma must not be regarded as a speci fi c 
diagnosis but a category in which the carcinoma 
should be typed, graded, and quantitated  [  28  ] . 

    2.8.1   Mucoepidermoid Carcinoma 

 Mucoepidermoid carcinoma (MEC) is the most 
common malignant tumor of the salivary glands 
accounting for approximately 30 % of all malig-
nant salivary gland tumors. In some patients, 
there is a history of exposure to ionizing radia-
tion. Approximately 60 % of MECs arise in the 
major salivary glands (in the parotid gland and 
less frequently in the submandibular and very 
rarely in sublingual glands). The rest arise in the 
minor salivary glands, e.g., in the palate and 

   Table 2.2    Hyams grading system for olfactory neuroblastoma   

 Microscopic features  Grade I  Grade II  Grade III  Grade IV 

 Lobular pattern  ++  ++  +/−  −/+ 
 Uniform nuclei  ++  +/−  −/+  – 
 Mitoses  –  +  ++  ++ 
 Calci fi cation  +/−  +/−  –  – 
 Necrosis  –  –  +/−  ++ 
 Neuro fi brillary background  +++  ++  +/−  – 
 Homer-Wright rosettes  +/−  +/−  –  – 
 Flexner-Wintersteiner rosettes  –  –  ++  – 

  Source: Modi fi ed from Hyams et al. (1988)  

  Fig. 2.21    Olfactory neuroblastoma, grade III. Lobules 
are formed of columnar cells with round, pale nuclei and 
eosinophilic nucleoli. Neoplastic cells create duct-like 
structures known as Flexner-Wintersteiner true rosettes       
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 buccal mucosa, tongue, gingiva, nasal cavity, lar-
ynx, and pharynx. Few cases have been described 
in the mandibula and maxilla (central MEC). 
MEC occurs at all ages, even in childhood, but it 
usually presents in the sixth and seventh decades, 
predominantly in males. 

 Microscopically, MEC is composed of vary-
ing proportion of mucinous, intermediate, 
squamous, and clear cells. On the basis of mor-
phologic and cytologic features, MECs are 
classi fi ed as low-, intermediate-, and high-grade 
tumors. The suggested criteria for grading include 
the relative proportion of cell types, the propor-
tion of tumor containing cysts, degree and pattern 
of invasion, mitotic rate, presence of vascular and 
perineural invasion, necrosis, and degree of 
nuclear and cellular atypias. 

 Several grading systems have been proposed, 
but none have been universally accepted. The 
most commonly used are the AFIP system and 
the Brandwein system  [  28–  30  ]  (Table  2.3 ). 
Comparing the two systems, it has been found 
that both are easy to reproduce and that the AFIP 
system tends to downgrade MEC in comparison 
to the Brandwein system  [  30  ]  (Table     2.4 ).  

    • Low-grade (grade I) MECs  usually have numer-
ous cystic spaces, formed by various cell types 
and rare mitoses, and no perineural or vascular 
invasion are present. The tumor is typically 
well circumscribed, with expansive growth pat-
tern at the invasive front (Fig.  2.22 ).   
   • Intermediate-grade (grade II) MECs  usually 
have cysts occupying less than 20 % of 
the tumor, exhibit slight to moderate cellular 

 polymorphism, and perineural invasion is 
often present. Unlike low-grade MEC, inter-
mediate MEC usually has in fi ltrative pattern 
of growth at the invasive front (Fig.  2.23 ).   
   • High-grade (grade III) MECs  are solid, ana-
plastic tumors with more than 4 mitoses per 
high power  fi eld, with scanty mucin production, 

   Table 2.3    The AFIP grading system for mucoepider-
moid carcinomas   

 Histologic features  Point value 

 Intracystic component less than 20 %  2 
 Neural invasion  2 
 Necrosis  3 
 Mitoses (4 or more per 10 HPF)  3 
 Anaplasia  4 

  Modi fi ed from Luna  [  30  ]  
 Low grade: 0–4 points 
 Intermediate grade: 5–6 points 
 High grade: 7–14 points 
  AFIP  Armed Forces Institute of Pathology,  HPF  high 
power  fi eld  

   Table 2.4    The Brandwein grading system for mucoepi-
dermoid carcinomas   

 Histologic features  Point value 

 Intracystic component less than 25 %  2 
 Tumor invasion in form of small nests 
and islands 

 2 

 Pronounced nuclear atypia  2 
 Lymphovascular invasion  3 
 Invasion of bone  3 
 Perineural spread  3 
 Necrosis  3 

  Modi fi ed from Brandwein et al.  [  29  ]  
 Grade I: 0 points 
 Grade II: 2–3 points 
 Grade III: 4 or more points  

  Fig. 2.22    Mucoepidermoid carcinoma, low grade, 
grade I. This cystic tumor is composed of numerous gob-
let and intermediate cells       
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and in fi ltrative growth pattern at the invasive 
front. Necroses and perineural and lymphovas-
cular invasion are usually present (Fig.  2.24 ).     
 The behavior of MECs is related to the grade 

and stage of the disease, with the exception of 
submandibular MEC in which the behavior is 
unpredictable and correlates poorly with the 
grade and stage. The 5-year survival rate for MEC 
ranges from 92 to 100 % for low-grade MEC, 62 
to 92 % for intermediate-grade MEC, and 0 to 
43 % for high-grade MEC  [  28  ] . The best treat-
ment is complete surgical excision. Radiotherapy 
has been reported to be successful in a limited 
number of patients. Neck dissection may be nec-
essary, as 50 % of patients with MEC have metas-
tases in the regional lymph nodes.  

    2.8.2   Adenoid Cystic Carcinoma 

 Adenoid cystic carcinoma (ACC) is a biphasic 
tumor composed of ductal and myoepithelial 

cells. It is characterized by a slow but relentless 
progression, with local recurrences, late metasta-
ses, and usually a fatal outcome. It accounts for 
approximately 10 % of salivary gland tumors, 
arising most frequently in the parotid, subman-
dibular, and minor salivary glands (in the palate, 
tongue, buccal mucosa, lip,  fl oor of the mouth). 
ACC occurs in all age groups, with highest fre-
quency in middle ages and older patients, with no 
apparent sex predilection. 

 Microscopically, ACC is characterized by his-
tologically polymorphous but cytologically rela-
tively uniform features. It consists of ductal and 
modi fi ed myoepithelial cells, with characteristi-
cally hyperchromatic, angular nuclei, and scant 
cytoplasm. ACC can exhibit three different growth 
patterns: tubular, solid, and cribriform. All three 
patterns may be present within the same tumor. In 
the tubular pattern (Fig.  2.25 ), ducts and tubules 
with central lumina are formed, lined by inner 
epithelial and outer myoepithelial cells. In the cri-
briform pattern (Swiss cheese-like pattern) 

  Fig. 2.23    Mucoepidermoid carcinoma, intermediate 
grade, grade II. This cystic tumor contains goblet, inter-
mediate, and squamous cells, with only a few mitoses       

  Fig. 2.24    Mucoepidermoid carcinoma, high grade, 
grade III. This solid tumor is composed of moderately 
pleomorphic squamous cells with high mitotic rate and 
few goblet cells       
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(Fig.  2.26 ), tumor cells form nests with microcys-
tic spaces, which are  fi lled with hyaline or baso-
philic mucoid material. In the solid pattern, tumor 
cells grow in sheets (Fig.  2.26 ), lacking tubular 
and microcystic formation. The stroma in ACC is 
hyalinized and may exhibit mucinous or myxoid 
features. Perineural (Fig.  2.27 ) and intraneural 
invasion is commonly present. It is a characteris-
tic, though not a pathognomonic feature of ACC, 
enabling tumor cells to extend far beyond the clin-
ically apparent boundaries of the tumor  [  31  ] .    

 ACC is usually graded according to the pre-
dominant growth pattern. Grade I tumors have a 
predominant tubular growth, grade II tumors are 
cribriform, and grade III have a solid growth pat-
tern. Generally, ACC can be considered grade III 
if more than 30 % of the tumor shows a solid 
growth pattern, but some authors de fi ne the cut-
off point at 50 %. Grading ACC has been shown 
to be prognostically important  [  28  ] . Tumor exhib-
iting cribriform and tubular patterns pursues a 
less aggressive course than those with a greater 
than 30 % of a solid component. 

  Fig. 2.25    Adenoid cystic carcinoma. The tumor has a 
tubular growth pattern       

  Fig. 2.26    Adenoid cystic carcinoma. The tumor displays two 
growth patterns, i.e., a cribriform and a solid growth pattern       

  Fig 2.27    Adenoid cystic carcinoma. The tumor cells 
show perineural invasion       
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 Regardless of the grade, ACCs are usually 
treated with surgery plus irradiation. The risk for 
lymph node metastases is low, and therefore neck 
dissection is not indicated in cases with clinically 
negative nodes. Some authors believe that neck 
dissection should only be performed in high-risk 
ACCs, e.g., in grade III tumors, and in ACC with 
transformation to high-grade tumors. The course 
of the disease is slow but relentless; the 5-year 
survival is 75–80 %, but 15-year survival is about 
35 %  [  28  ] .  

    2.8.3   Carcinoma ex Pleomorphic 
Adenoma 

 Carcinoma ex pleomorphic adenoma (CPA) is a 
malignant epithelial tumor arising in or from pleo-
morphic adenoma. These are rare tumors account-
ing for approx. 12 % of all salivary gland malignant 
tumors. They usually present at older age, in the 
sixth and seventh decade, about 10 years later 
than pleomorphic adenoma. They most commonly 
arise in the parotid gland, followed by the sub-
mandibular gland and minor salivary glands. 

 Microscopically, the proportion of the pleomor-
phic adenoma component varies from one tumor to 
another. It can be inconspicuous, and if suspected, 
extensive sampling may be necessary to  fi nd it. If 
not found, the diagnosis of CPA can only be made 
if there is clinicopathological documentation of a 
previously excised pleomorphic adenoma. 

 The malignant component may look like any 
type of salivary gland carcinoma and must there-
fore be classi fi ed and graded according to the 
standard criteria for malignant salivary gland 
neoplasms  [  32  ] . In addition to the tumor type and 
grade, the extension of malignant growth is 
important. If con fi ned by the capsule, CPA is des-
ignated as intracapsular, in situ, or noninvasive 
CPA. It has a favorable prognosis, mostly compa-
rable to that of a pleomorphic adenoma.  

    2.8.4   Comments 

     1.    The grading system for ACC is simple, based 
on the predominant growth pattern. Patients 

with tubular (grade I) and cribriform (grade II) 
patterns have a more favorable prognosis than 
those with more than 30 % solid growth pat-
tern (grade III). ACC is generally character-
ized by a slow but relentless progression, but 
those with solid pattern usually have a more 
aggressive course, with earlier metastases and 
poorer survival.  

    2.       In the differential diagnosis of ACC, one must 
consider polymorphous low-grade adenocar-
cinoma, epithelial-myoepithelial carcinoma, 
basal cell carcinoma, and basaloid SCC.  

    3.    Minimally invasive carcinoma ex pleomorphic 
adenoma, de fi ned as <1.5-mm penetration of 
malignant cells from the tumor capsule into 
adjacent tissue, has still a favorable prognosis. 
If the invasion is greater than 1.5 mm from the 
tumor capsule, the prognosis is poor, with sur-
vival rates at 5, 10, 15, and 20 years ranging 
from 25 to 65 %, 18 to 50 %, 10 to 35 %, and 
0 to 38 %, respectively  [  28  ] . Patients with a 
malignant myoepithelial component may have 
a less favorable course  [  32  ] .     
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          3.1   Introduction 

 Carcinoma of the lung is a very common malig-
nant tumor. Histological typing of lung tumors 
has long been a source of controversy in pathol-
ogy, in great part due to the marked microscopic 
heterogeneity of these tumors  [  1–  4  ] . Although 
the bronchi and lungs may give rise to a wide 
variety of histopathologic types of malignant epi-
thelial neoplasms, grading of lung cancer is usu-
ally restricted to the two most common types of 
bronchogenic carcinoma included in the latest 
WHO classi fi cation: squamous cell carcinoma 
and adenocarcinoma. Neuroendocrine carcino-
mas of the lung constitute a third major group of 
lung neoplasms that are amenable to grading, as 
it has been observed that histologic grading of 
these tumors appears to correlate with their clini-
cal behavior and prognosis  [  5  ] . The fourth major 
category of bronchogenic carcinoma in the WHO 
classi fi cation, large cell carcinoma, is not subject 
to grading since it is by de fi nition a high-grade 
neoplasm. 

 Other less common primary epithelial neo-
plasms of the bronchus, such as carcinomas of 

salivary gland type, usually represent low-grade 
neoplasms that are rarely amenable to grading 
 [  6  ] . Malignant mesotheliomas of the pleura that 
have an invariably poor prognosis are by de fi nition 
high-grade tumors which are usually not graded.  

    3.2   Squamous Cell Carcinoma 

 The grading system for squamous cell carcinoma 
of the bronchus is essentially the same as that for 
squamous cell cancer in other organs and is based 
on the extent of microscopic signs of keratiniza-
tion or the absence of it. A variety of grading sys-
tems has been utilized in the past. The American 
Joint Commission on Cancer (2010) has pro-
posed a 5-tiered grading system that includes the 
following categories: GX (grade cannot be 
assessed), G1 (well differentiated), G2 (moder-
ately differentiated), G3 (poorly differentiated), 
and G4 (undifferentiated). In clinical practice, 
however, most pathologists have traditionally uti-
lized a three-tiered grading system that includes 
well-, moderately, and poorly differentiated 
tumors.

    • Grade 1: Well-Differentiated Squamous Cell 
Carcinoma  
 These tumors are characterized by prominent 
keratinization throughout the lesion as well as 
the presence of discernible intercellular 
bridges. Keratinization in well-differentiated 
squamous carcinoma usually adopts the form 
of “squamous pearls,” which appear as con-
centric laminated aggregates of amorphous, 
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eosinophilic extracellular keratinous material 
(Fig.  3.1a ). These structures usually are located 
in the center of large tumor nests that show a 
“maturation” phenomenon, whereby the cen-
tral portions of the nests or tumor islands show 
the most pronounced features of keratiniza-
tion, while the peripheral portions show a 
decrease in tumor cell size with the outermost 
layer being composed of smaller cells with a 
more basaloid appearance. The cells within the 
tumor islands show a striking pavement-like 
architecture, and intercellular bridges resulting 
from prominence of desmosomal cell junctions 
due to artifactual cell shrinkage can be readily 
visualized at the light microscopic level 
(Fig.  3.1b ). The tumor cells are usually character-
ized by a polygonal shape with very  well-de fi ned 

cell membranes. Clearing of the cytoplasm due 
to accumulation of glycogen may be present in 
some tumors. Focal accumulation of mucinous 
basophilic material that is stained positive with 
mucicarmine or PAS can be occasionally seen 
in isolated tumor cells. This feature per se, 
however, does not change the diagnosis to ade-
nocarcinoma or mucoepidermoid carcinoma if 
a lung tumor is otherwise showing the typical 
features of well-differentiated squamous cell 
carcinoma.   
   • Grade 2: Moderately Differentiated Squamous 
Cell Carcinoma  
 These tumors are characterized by a 
signi fi cantly decreased extent of squamous 
differentiation. Thus, squamous pearls are few 
or absent, intercellular bridges are more 

b

c d
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  Fig. 3.1    Squamous cell carcinoma of the lung. ( a ) This 
well-differentiated tumor shows concentric laminated 
deposits of amorphous, keratinous material (“squamous 
pearls”). ( b )    Higher magni fi cation of a well-differentiated 
tumor shows well-formed intercellular bridges. ( c ) 
Squamous cell carcinoma.    This moderately differentiated 

carcinoma shows central, comedo-like area of necrosis 
and decrease in size of the tumor cells surrounding the 
areas of necrosis. ( d ) This poorly differentiated carcinoma 
shows single-cell keratinization ( center ) surrounded by 
poorly differentiated neoplastic cells       

 



333 Tumors of the Lungs and Pleura

dif fi cult to  fi nd and seen only focally, and 
there is an increased number of smaller, basa-
loid cells in the tumor cell islands. Central 
areas of comedo-like necrosis are a common 
feature in these tumors (Fig.  3.1c ). However, 
the pavement-like appearance of the tumor 
cells with sharply de fi ned cell borders is gen-
erally still preserved.  
   • Grade 3: Poorly Differentiated Squamous Cell 
Carcinoma  
 These tumors are characterized by a lack of 
squamous differentiation. Intercellular bridges 
are only rarely seen or not evident at all, and 
keratin pearls are not present. The tumor cells 
tend to form con fl uent sheets or irregular 
islands or in fi ltrate the normal tissues as single 
cells that have bizarre nuclear forms and show 
marked nuclear pleomorphism. Single-cell 
keratinization is the most important feature for 
diagnosis. Individually keratinized cells are 
usually round and have abundant, slightly 
refractile eosinophilic cytoplasm (Fig.  3.1d ). 
Their nuclei may be pyknotic or karyolytic 
resembling apoptotic tumor cells. However, 
unlike apoptotic cells, they are surrounded by 
an ample rim of deeply eosinophilic cyto-
plasm. Small foci of tumor cells showing more 
advanced features of squamous differentiation 
can be often identi fi ed focally, including 
polygonal cells with a prominent pavement-
like architecture, sharply delimited cell mem-
branes, and small foci of keratinization.    

    3.2.1   Comments 

     1.    Grading of squamous cell carcinoma is based 
on the predominant features in a given tumor. 
For this reason, grading is best reserved for 
complete resection specimens, since small 
biopsies may not be representative.  

    2.    A few unusual histologic variants of squamous 
cell carcinoma of the lung have been described 
that may not be amenable to grading. These 
tumors are essentially regarded as high-grade 
(poorly differentiated) variants of squamous 
cell carcinoma and include the following 
microscopic forms:

   Spindle-cell (“sarcomatoid”) squamous cell • 
carcinoma  
  Basaloid squamous cell carcinoma  • 
  Small cell squamous cell carcinoma  • 
  Lymphoepithelioma-like carcinoma     • 

    3.    Immunohistochemical markers are of limited 
value for the diagnosis and grading of squamous 
cell carcinoma of the lung. Although a variety 
of immunohistochemical markers have been 
developed in recent years that have been asso-
ciated with squamous differentiation (such as 
high molecular weight cytokeratin CK5/6 or 
p63), in our experience, their patterns of expres-
sion have not been reliable enough to serve a 
useful purpose for grading of the lesions. 
However, with the development of targeted 
therapies mainly aimed at subgroups of adeno-
carcinoma carrying speci fi c mutations, the 
International Association for the Study of Lung 
Cancer (IASLC) recommends the use of these 
markers, especially in small biopsies and cytol-
ogy specimens of non-small-cell carcinomas 
when morphologic features are not diagnostic. 
In these biopsies, the immunohistochemical 
stains could help distinguishing squamous cell 
carcinoma from adenocarcinoma  [  7  ] .       

    3.3   Adenocarcinoma of the Lung 

 The grading system for adenocarcinoma of the 
lung is primarily based on the ratio of glands to 
solid elements found within the tumor and in the 
degree to which these glands resemble normal 
structures within the lungs (i.e., either bronchi-
oloalveolar spaces or bronchial glands).

    • Grade 1: Well-Differentiated Adenocarcinoma  
 These tumors are characterized by well-formed 
glandular or acinar structures that comprise more 
than 90 % of the tumor. The glands are gener-
ally well-formed and lined by round or colum-
nar cells with abundant cytoplasm and enlarged 
nuclei with coarse chromatin pattern and visible 
nucleoli (Fig.  3.2a ). A distinctive form of well-
differentiated adenocarcinoma is the “lepidic” 
pattern adenocarcinoma,  previously known as 
bronchioloalveolar carcinoma. It is character-
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ized by the growth of bland-appearing tumor 
cells along the alveolar walls (Fig.  3.2b ). The 
cells lining the alveolar spaces may be small, 
round to polygonal with large “hobnail” hyper-
chromatic nuclei, or may be tall columnar with 
abundant clear or lightly eosinophilic mucinous 
cytoplasm (Fig.  3.2c ). Please see below for fur-
ther discussion on lepidic pattern adenocarci-
noma and bronchioloalveolar carcinoma.   
   • Grade 2: Moderately Differentiated Adeno-
carcinoma  
 These tumors are characterized by a prolifera-
tion of glandular or acinar structures that 

 comprise at least 50 % of the total tumor vol-
ume or which no longer closely resemble well-
developed glands; i.e., the glands are poorly 
formed, with poorly developed or only abortive 
lumens, and are lined by cells showing solid 
areas with nuclear strati fi cation (Fig.  3.2d ). 
Alternatively, the glands may show well-
developed lumens but are lined by highly atypi-
cal cells showing marked nuclear pleomorphism, 
frequent mitoses, and signs of overt anaplasia.  
   • Grade 3: Poorly Differentiated Adenocarcinoma  
 These tumors are characterized by a tumor 
cell proliferation containing fewer glandular 

  Fig. 3.2    Adenocarcinoma of the lung. ( a ) This 
 well- differentiated tumor consists of well-formed gland 
lined by a single layer of atypical columnar cells. ( b ) Well-
differentiated adenocarcinoma showing characteristic “lep-
idic” growth pattern (bronchioloalveolar features), with a 
row of mildly atypical cells continuously lining the alveolar 
walls. ( c ) Well-differentiated lepidic pattern  adenocarcinoma 
composed of tall, columnar cells with abundant clear muci-
nous cytoplasm. ( d ) Moderately  differentiated adenocarci-
noma composed of ill-de fi ned glands with abortive lumina, 

lined by atypical cells. Tumor also contains solid areas with 
nuclear strati fi cation. ( e ) Poorly differentiated adenocarci-
noma consisting of ill-de fi ned glands lined by highly atypi-
cal cells. ( f ) Papillary adenocarcinoma shows complex 
papillary structures lined by markedly atypical cells. Notice 
the foci of tumor  necrosis in the lumen of the glandular 
structures. ( g ) Micropapillary adenocarcinoma shows small 
cell nests within airspaces  without   fi brovascular cores. 
( h ) Cribriform adenocarcinoma with cell groups with 
 distinctive roman bridges and necrosis         

a b

c d
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or acinar structures (5–50 % of the total tumor 
volume) and a predominance of solid areas 
containing frequent mucinous cells ( fi ve or 
more mucin-positive cells in at least 2 high-
power  fi elds). The few glands present are usu-
ally poorly formed and are lined by highly 
atypical cells showing marked nuclear pleo-
morphism (Fig.  3.2e ).    

    3.3.1   Comments 

     1.    Bronchioloalveolar carcinoma (BAC) as a 
diagnostic category is being reevaluated, 
partly because of the dif fi culties associated 
with applying the histologic features consis-
tently. In the 2004 WHO classi fi cation, the 
term BAC has been reserved for those tumors 
that grow in a lepidic fashion along preexist-
ing alveolar septa without stromal, pleural, or 
vascular invasion  [  4  ] . This is of clinical 

signi fi cance as tumors of this type which are 
less than 2.0 cm in size can be cured by sim-
ple surgical excision. Those tumors that may 
have a lepidic spread pattern but show a 
degree of invasion (stromal, pleural, or vascu-
lar) have been characterized as  adenocarci-
noma with BAC features . The International 
Society for Study of Lung Cancer, along with 
the American Thoracic Society and the 
European Respiratory Society (IASLC/ATS/
ERS), has recently proposed a new 
classi fi cation scheme and diagnostic criteria 
for adenocarcinomas, which has essentially 
deleted the term BAC  [  7  ] . The newly pro-
posed terminology recognizing the BAC as a 
part of the pulmonary adenocarcinoma spec-
trum has three categories:
   (a)     Adenocarcinoma  in situ is the term used 

for lesions less than 3 cm in size, formerly 
characterized as BAC, without stromal, 
pleural or vascular invasion.  

e f

g h

Fig. 3.2 (continued)
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   (b)     Minimally invasive adenocarcinomas  are 
tumors measuring less than 3 cm in size, 
showing predominantly lepidic growth 
with stromal invasion measuring less than 
5 mm.   

   (c)     Invasive adenocarcinoma  refers to lesions 
greater than 3 cm in size or lesions of any 
size which have a greater than 5-mm 
stromal invasive component.     

    It is important to recognize that these crite-
ria can only be applied on resection speci-
mens and lepidic predominant invasive 
adenocar cinoma cannot be differentiated 
reliably from adenocarcinoma in situ in small 
biopsies or cytology specimens. Accordingly, 
the IASLC recommends that in small biop-
sies when pure lepidic growth pattern is seen, 
it should be clari fi ed that an invasive compo-
nent may not be recognized in a small 
specimen.  

    2.    The growth of invasive pulmonary adenocar-
cinoma may occur in several patterns recog-
nized by the WHO classi fi cation of 2004 
and IASLC/ATS/ERS  [  3,   7  ] . These patterns 
include  lepidic predominant ,  acinar predom-
inant ,  papillary predominant ,  micropapil-
lary predominant , and  solid predominant 
with mucin . It is worthy of notice that  papil-
lary  growth pattern is frequently observed in 
lepidic predominant adenocarcinoma, in 
which the papillary structures are seen to 
invaginate and grow toward the lumen of 
alveolar spaces. Under these circumstances, 
the cell population lining the papillae is sim-
ilar to that of lepidic predominant adenocar-
cinoma (i.e., cells devoid of signi fi cant 
cytologic atypia or anaplasia). A second, 
rarer type of tumor has also been described 
characterized by a predominant papillary 
growth pattern that has been termed  papil-
lary adenocarcinoma  of the lung  [  8  ] . In such 
tumors, the papillary structures show com-
plex branching and are lined by cells dis-
playing marked nuclear pleomorphism, 
hyperchromasia, and high mitotic activity 
(Fig.  3.2f ). Such tumors behave in a much 
more aggressive fashion than bronchioloal-
veolar carcinoma and are more akin in their 

behavior to conventional adenocarcinoma of 
the lung.  

    3.    Several variants of adenocarcinoma of the 
lung have been described, including the fol-
lowing microscopic forms  [  3  ] :

   Invasive mucinous  • 
  Colloid  • 
  Enteric  • 
  Fetal (low and high grade)    • 

    The majority of these tumors correspond 
to low-grade, well-differentiated adenocar-
cinomas, but exceptions also occur. For the 
fetal adenocarcinoma subgroup, one must 
specify whether the tumor belongs to the 
low-grade or the high-grade form.  

    4.    Two growth patterns not mentioned in the 
2004 WHO classi fi cation may be of clinical 
signi fi cance. These two patterns are the micro-
papillary and cribriform tumors:
   (a)     Micropapillary pattern  is characterized 

by the formation of small tufted papillae 
composed of cells mainly lying freely 
within air spaces  [  9  ] . These papillae are 
more like little cell nests  without  distinc-
tive  fi brovascular cores. Most spaces con-
taining the micropapillae lack a distinctive 
lining (Fig.  3.2g ). These tumors are 
aggressive, with a propensity for lympho-
vascular invasion. Individual tumor cells 
show moderate amounts of eosinophilic 
cytoplasm with irregular, hyperchromatic 
nuclei. It is important to remember that 
the micropapillary pattern may predomi-
nate or be the solitary appearance of a 
tumor, but is more likely to be combined 
with other patterns.  

   (b)     Cribriform pattern  is probably far com-
moner than recognized  [  10  ] . Distinctive 
features of this tumor subtype include 
cribriform glandular structures with 
“roman bridges,” dirty comedo-like 
necrosis, sub- and supranuclear vacuola-
tion, and cystic/mucinous cell compo-
nents (Fig.  3.2h ). It is not yet clear if 
these tumors have a de fi nite molecular 
 fi ngerprint. It is important to remember 
that cribriform  adenocarcinoma may 
overlap morphologically with pulmonary 
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metastases from other locations such as 
the prostate gland, large bowel, pancreas, 
breast, and uterus (endometrioid carci-
noma), among others.           

    3.4   Neuroendocrine Carcinomas 
of the Lung 

 Neuroendocrine carcinomas of the lungs occur 
in several clinicopathologic forms, but their 
classi fi cation and grading have been the subject 
of much debate in recent years  [  5,   11  ] . This has 
been mostly due to the slow trend to abandon 
older terms such as “carcinoid tumor” and 
“atypical carcinoid” in favor of the more accu-
rate designation of “neuroendocrine carcinoma” 
for this family of tumors. The new WHO 
classi fi cation recognizes the existence of a 
spectrum of lung lesions showing features of 
neuroendocrine  differentiation that can range 
from very well- differentiated to very poorly 
differentiated tumors. In deference to estab-
lished custom, however, the terms carcinoid, 
atypical carcinoid, and small cell and large cell 
NEC have been retained in their proposed 
classi fi cation  [  3  ] . 

 Another recent proposal has introduced a 4-tiered 
grading scheme for these tumors that employs terms 
that are similar to those adopted by the previous 
WHO schema, with the last category in their 
classi fi cation corresponding to “undifferentiated 
NEC.” We believe the term “undifferentiated” as 
applied to these tumors should be abandoned since 
it is contradictory in this setting. The term undiffer-
entiated, by de fi nition, refers to a tumor displaying 
 no  features of differentiation; whereas the term neu-
roendocrine carcinoma by de fi nition implies speci fi c 
evidence of both epithelial and neuroendocrine dif-
ferentiations. Poorly differentiated NEC would 
therefore be a more accurate and correct terminol-
ogy for such tumors. We prefer the use of a more 
simpli fi ed 3-tiered grading system that grades these 
tumors based on their degrees of differentiation and 
designates them as low-grade or well-differentiated 
NEC, intermediate-grade or moderately differenti-
ated NEC, and high-grade or poorly differentiated 
NEC, respectively.

    • Well-Differentiated Neuroendocrine Car-
cinoma . These tumors essentially correspond 
to what has been previously termed “typical 
carcinoid” in the literature. The de fi ning 
 criteria are twofold: architectural and cyto-
logic. Architectural criteria include the pres-
ence of a well-developed neuroendocrine (or 
“organoid”) pattern of growth in the majority 
(>80 %) of the tumor, characterized by the 
arrangement of the tumor cells into well-
de fi ned nests, packets, cords, trabeculae, or 
ribbons usually separated by  fi brovascular 
septa (Fig.  3.3a ). Other growth patterns that 
can be also less frequently observed include 
the formation of epithelial rosettes, microaci-
nar structures, or tumor cell islands with 
prominent peripheral palisading of nuclei. 
Cytologic criteria for well-differentiated NEC 
include a fairly monotonous tumor cell popu-
lation composed of relatively small cells with 
round to oval nuclei showing a characteristi-
cally evenly dispersed chromatin pattern (“salt 
and pepper”), surrounded by a rim of eosino-
philic cytoplasm (Fig.  3.3b ). Nucleoli are gen-
erally absent or inconspicuous, and mitotic 
activity is usually minimal (<2 mitoses per 10 
high-power  fi elds).   
   • Moderately Differentiated Neuroendocrine 
Carcinoma.  These tumors are characterized 
by at least partial loss of the neuroendocrine 
growth pattern and more pronounced cyto-
logic atypia with increased mitotic activity. 
Moderately differentiated NEC essentially 
corresponds to the tumors previously desig-
nated as “ atypical carcinoid ” in the literature. 
Cellular sheets and islands of relatively 
monotonous tumor cells that retain, at least 
focally, a recognizable “organoid” pattern of 
growth characterize these tumors. Another 
distinctive feature of these tumors is the pres-
ence of central, comedo-like areas of necrosis 
in many of the tumor cell islands (Fig.  3.3c ). 
Cytologically, the tumors are characterized by 
cells displaying enlarged nuclei, which can be 
round or oval, with increase in chromatin pat-
tern, occasional prominent nucleoli, and 
increased mitotic activity (2–10 mitoses per 
10 high-power  fi elds).  
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  Fig. 3.3    Neuroendocrine carcinoma. ( a ) Well-differentiated 
neuroendocrine carcinoma (“carcinoid” tumor). The tumor 
is composed of a monotonous population of small, round 
tumor cells adopting a prominent “nesting” pattern sepa-
rated by  fi brovascular septa. ( b ) Well-differentiated neu-
roendocrine carcinoma at higher magni fi cation. One can 
appreciate the monotonous population of tumor cells with 
“salt and pepper” nuclear chromatin pattern, absence of 
prominent nucleoli and mitoses, and indistinct rim of 
amphophilic to lightly acidophilic cytoplasm. ( c ) Moderately 
differentiated neuroendocrine carcinoma of the lung 

 (“atypical carcinoid”) consists of cells arranged into large 
lobules with central, comedo-like areas of necrosis. 
( d ) Poorly differentiated neuroendocrine carcinoma of the 
lung, small cell type is composed of cells showing large, 
hyperchromatic nuclei with “smudged” chromatin. Mitoses 
are conspicuous. ( e ) Poorly differentiated neuroendocrine 
carcinoma of the lung, large cell type consists of tumor cells 
arranged into nests and cords. These cells are large and have 
abundant cytoplasm adopting a vague “organoid” pattern. 
The tumor cells demonstrated positivity for chromogranin 
and synaptophysin by immunohistochemical staining       
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   • Poorly Differentiated Neuroendocrine 
Carcinoma . We currently include two distinct 
variants within this category: small cell neu-
roendocrine carcinoma (SCNEC) and large cell 
neuroendocrine carcinoma (LCNEC). The lat-
ter continues to be in dispute, and many authors 
contend that this tumor likely belongs in a dif-
ferent category, namely, that of large cell/ana-
plastic carcinoma. It has not yet been determined 
whether the biologic behavior and response to 
chemotherapy is the same for the small cell and 
the large cell variant of NEC  [  5  ] .  
   • Small Cell Neuroendocrine Carcinoma . 
SCNEC is generally characterized by sheets 
of tumor cells with extensive tumor necrosis 
and without a readily identi fi able neuroendo-
crine architectural growth pattern. The tumor 
cells are relatively small (compared to large 
cell or anaplastic carcinoma) and usually have 
a diameter that is roughly equivalent to or less 
than that of three small lymphocytes. The cells 
are characterized by displaying large nuclei 
with hardly any discernible cytoplasm. The 
nuclear chromatin is  fi nely dispersed and often 
appears “smudged,” with absent or small 
nucleoli as visualized in hematoxylin-
eosin-stained preparations on routine light 
microscopy (Fig.  3.3d ). Mitotic activity is 
usually very high, with an average of 10 or 
more mitoses per 10 high-power  fi elds.  
   • Large Cell Neuroendocrine Carcinoma . LCNEC 
is currently de fi ned as a lung tumor displaying a 
readily identi fi able neuroendocrine architectural 
growth pattern (i.e., nest and cords of tumor 
cells, rosettes, trabeculae) but in which the 
tumor cells are much larger than in SCNEC (at 
least double in size), with increased nuclear to 
cytoplasmic ratio, vesicular chromatin, and 
prominent nucleoli (Fig.  3.3e ). Mitoses are gen-
erally frequent and usually exceed 10 per 10 
high-power  fi elds. Tumor necrosis is generally 
prominent and may involve large zones. The 
diagnosis of LCNEC requires con fi rmation by 
immunohistochemistry, i.e., the tumor should 
be positive for neuroendocrine markers such as 
chromogranin-A or synaptophysin. Alternatively, 
one should demonstrate dense-core neurosecre-
tory granules by electron microscopy.    

    3.4.1   Comments 

     1.    Well-differentiated NEC and moderately dif-
ferentiated NEC belong to a spectrum of 
closely related tumors which cannot be always 
separated one from another on the basis of 
strict objective criteria. The most important 
criterion for separating these two tumors is 
mitotic activity.  

    2.    Although it was initially thought that atypical 
carcinoid required more than 5 mitoses per 10 
high-power  fi elds, that threshold has been 
recently lowered, and tumors displaying 2 or 
more mitoses per 10 high-power  fi elds are 
classi fi ed as moderately differentiated NEC.  

    3.    Another important criterion is the presence of 
necrosis; even focal pinpoint areas of necrosis 
should strongly raise the consideration of a 
moderately differentiated NEC when present 
in an otherwise well-differentiated tumor.  

    4.    Cytologic atypia appears to be less reliable as 
a single criterion for separating these tumors. 
It is recommended that mitoses be counted in 
the areas of higher mitotic activity using a 
40× objective with an eyepiece that has a 
 fi eld-of-view number of 20 (the area viewed 
in 1 high-power  fi eld should equal 0.2 mm 2  or 
2 mm 2  for 10 high-power  fi elds).  

    5.    Poorly differentiated neuroendocrine carcino-
mas may also show a variable admixture of 
small and large cell types within the same 
tumor. Such cases are designated as mixed 
small/large cell neuroendocrine carcinoma.  

    6.    It must be noted that a subset of non-small-
cell carcinomas of the lung may display immu-
nohistochemical or ultrastructural features of 
neuroendocrine differentiation despite not 
showing a “neuroendocrine” architectural 
growth pattern. Neuroendocrine differentia-
tion has been demonstrated by immunohis-
tochemistry in up to 20 % of squamous cell 
carcinomas, adenocarcinomas, and large cell 
carcinomas. These tumors have been collec-
tively referred to as “non-small-cell lung can-
cer with neuroendocrine differentiation.” Their 
exact relationship to the group of LCNEC is 
still poorly de fi ned and remains a controver-
sial topic.  
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    7.    In approximately 5–7 % of all tumor cases, even 
the experts in lung cancer pathology cannot 
agree on whether a tumor is a SCNEC or a non-
small-cell lung carcinoma  [  11  ] . These tumors 
usually belong to the high-grade category.       

    3.5   Malignant Mesothelioma 

 Malignant mesothelioma is de fi ned as a neoplas-
tic proliferation of mesothelial cells originating 
from the visceral or parietal pleura  [  12  ] . Three 
basic types are described:

   Epithelioid mesothelioma  • 
  Sarcomatoid (“spindle cell”) mesothelioma  • 
  Biphasic (“mixed epithelioid/sarcomatoid”) • 
mesothelioma    
 Less common variants of malignant mesothe-

lioma include the desmoplastic, deciduoid, lym-
phohistiocytoid, clear cell, small cell, and 
pleomorphic variants  [  13,   14  ] . These mesothe-
liomas must be distinguished from metastatic 
malignant tumors involving the pleura and other 
less common primary pleural tumors  [  15  ] . 
Malignant mesothelioma may also resemble 
reactive mesothelial proliferative lesions  [  16  ] . 

 Because of the uniformly dismal prognosis of 
malignant mesotheliomas, these tumors  commonly 

are not graded. The vast majority of malignant 
mesotheliomas (i.e., epithelioid malignant meso-
thelioma) actually display low-grade cytologic 
features and are characterized by a relatively 
bland-appearing, well-differentiated population 
of cells that closely resemble their benign coun-
terpart (Fig.  3.4a ). The architectural growth pat-
tern of these tumors, namely, the formation of 
tubulopapillary structures, is also closely reminis-
cent of benign reactive mesothelium. The cells in 
sarcomatoid mesothelioma, on the other hand, no 
longer resemble normal mesothelium and rather 
can mimic a spindle-cell sarcoma due to their 
elongated shape and atypia. The latter could be 
conceptually regarded as a poorly differentiated 
or cytologically high-grade variant of malignant 
mesothelioma. The differences in behavior and 
prognosis for these tumors, however, are minimal 
due to their uniformly dismal outcome making 
this distinction of little clinical signi fi cance. In 
rare instances, epithelioid malignant mesothe-
lioma may form solid sheets composed of highly 
atypical and even anaplastic tumor cells with 
increased nuclear to cytoplasmic ratios, marked 
nuclear pleomorphism, and frequent mitotic 
 fi gures; such tumors de facto represent a cytologi-
cally high-grade, poorly differentiated variant of 
epithelioid malignant mesothelioma (Fig.  3.4b ).  

a b

  Fig. 3.4    Malignant mesothelioma. ( a ) Epithelioid meso-
thelioma is composed of large, round to polygonal tumor 
cells with abundant cytoplasm and minimal nuclear  atypia. 

( b ) Tumor cells have high-grade nuclei showing marked 
nuclear pleomorphism, hyperchromatism, and abnormal 
mitoses       
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          4.1   Introduction 

 Primary thymic epithelial neoplasms represent 
the most common type of tumors of the anterior 
mediastinum. These tumors have been a source 
of major controversy over the years due to their 
dif fi culties for histopathologic typing and often 
unpredictable biologic behavior. Unlike malig-
nant epithelial neoplasms arising at other organs, 
these tumors were felt for many years to be 
unsuitable for histologic grading. In fact, the lat-
est WHO schema for the classi fi cation of thymic 
epithelial neoplasms does not mention grading 
for these tumors at all. More recent observations, 
however, have demonstrated that thymic epithe-
lial neoplasms form part of a continuous spec-
trum of lesions that may closely resemble their 
parent organ at the one end or be very poorly dif-
ferentiated at the other extreme  [  1  ] . Based on 
these observations, a novel conceptual approach 
was recently introduced for the classi fi cation of 
thymic epithelial neoplasms that is based on the 
histologic degree of differentiation of the lesions 
 [  2  ] . The histologic grading of these tumors is 
based on the premise that these lesions can range 

from well-differentiated to moderately differenti-
ated to poorly differentiated neoplasms. This is 
supported by the observation of tumor progres-
sion in thymoma whereby recurrences show 
transformation of a low-grade histologic type to 
that of a higher-grade histology  [  3  ] . The degree 
of differentiation in any given tumor will depend 
on the presence or absence of the organotypical 
features of differentiation of the thymus and on 
the degree of cytological atypia displayed by the 
tumor cells (see Table  4.1 ).  

 Tumors displaying most or all of the organo-
typical features of thymic differentiation and 
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   Table 4.1    Organotypical features of differentiation of 
the normal mature thymus of childhood and the normal 
involuted thymus of the adult   

  Normal mature thymus of childhood or adolescence  
 Thick capsule with internal lobulation separated by 
 fi brous septae 
 Dual (epithelial/lymphoid) cell population with 
variable numbers of immature T-lymphocytes 
 Dilated perivascular spaces 
 Areas of “medullary” differentiation 
 Absence of cytological features of malignancy 
  Normal involuted thymus of the adult  
 Thick capsule with internal lobulation 
 Spindle cell population devoid of cytologic atypia 
 Scant immature T-lymphocytes 
 Rosette-like epithelial structures 
 Cysts and glandular structures 

  Adapted by permission from Suster S, Moran CA (2003) 
The mediastinum. In: Weidner N, Cote RJ, Suster S, Weiss 
LM (eds) Modern surgical pathology. W.B. Saunders Co, 
Philadelphia, pp 439–499  
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absence of cytological atypia are categorized as 
low-grade or well-differentiated thymic epithelial 
neoplasms (also designated, by convention, thy-
moma), tumors retaining only some of the orga-
notypical features of the thymus but displaying 
mild to moderate cytologic atypia correspond to 
moderately differentiated thymic epithelial neo-
plasms (atypical thymomas), and tumors show-
ing total loss of the organotypical features of the 
thymus and displaying overt cytologic evidence 
of malignancy correspond to high-grade or poorly 
differentiated thymic epithelial neoplasms (also 
designated, by convention, thymic carcinomas) 
 [  2,   4  ] . It is to be noted that the grading of these 
tumors is based on a combination of architectural 
and cytological parameters as observed on rou-
tine microscopy on hematoxylin-eosin-stained 
slides and does not require the use of special 
stains or other ancillary techniques.  

    4.2   Well-Differentiated Thymic 
Epithelial Neoplasms 
(Thymoma) 

 The diagnosis of well-differentiated thymoma is 
based on the identi fi cation of the organotypical 
features of differentiation of the thymus and the 

absence of signi fi cant cytological atypia in 
the tumor cells. The organotypical features of the 
thymus can vary depending on whether the tumor 
cells are attempting to recapitulate the normal, 
mature thymus of infants and adolescents or 
whether they resemble the normal involuted thy-
mus of the adult (see Table  4.1 ). In general, the 
better-differentiated tumors are characterized by a 
thick capsule,  fi brous bands with prominent lobu-
lation, and an overwhelming population of imma-
ture T-lymphocytes admixed with the neoplastic 
epithelial cells, thus closely resembling the thymic 
cortex in children and adolescents. Dilated perivas-
cular spaces and so-called areas of “medullary” 
differentiation are other frequent features seen in 
these lesions. The neoplastic epithelial cells are 
characterized by large vesicular nuclei with promi-
nent eosinophilic nucleoli and are surrounded by 
an indistinct rim of abundant lightly eosinophilic 
or amphophilic cytoplasm (Fig.  4.1 ). Mitoses are 
not a feature of the neoplastic cells, although in 
some cases they may be relatively frequent in the 
surrounding immature T-lymphocytic population. 
Well-differentiated thymomas that resemble the 
normal involuted thymus of the adult are composed 
predominantly of a monotonous population of oval 
to spindle cells admixed with variable numbers of 
T-lymphocytes. The neoplastic spindle cells are 

  Fig. 4.1    Well-differentiated 
thymoma. This lymphocyte-
predominant type contains 
two neoplastic epithelial cells 
( center ) surrounded by 
lymphocytes. The epithelial 
cells are characterized by 
large, vesicular nuclei with 
prominent eosinophilic 
nucleoli surrounded by an 
indistinct rim of amphophilic 
cytoplasm       
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characterized by bland-appearing oval nuclei with 
dispersed chromatin and inconspicuous nucleoli 
surrounded by a scant rim of lightly eosinophilic 
cytoplasm (Fig.  4.2 ). The cells are devoid of 
nuclear pleomorphism or mitotic activity.    

    4.3   Moderately Differentiated 
Thymic Epithelial Neoplasms 
(Atypical Thymoma) 

 These tumors are characterized by partial loss of 
the organotypical features of differentiation of 
the normal thymus, with mild to moderate 
increase in cytologic atypia of the neoplastic 
epithelial cells. Atypical thymoma may be com-
posed of round/polygonal or oval/spindle cells. 
The majority of these tumors, however, are com-
posed of large, round to polygonal epithelial 
cells admixed with scattered T-lymphocytes. 
Architecturally, the tumors may show some of 
the organotypical features commonly found in 
thymoma, such as a thick capsule, lobulation, 
and perivascular spaces (Fig.  4.3 ). The tumor 
cells, however, are much larger than in conven-
tional thymomas, and the cells are characteristi-
cally surrounded by abundant eosinophilic 
cytoplasm showing well-de fi ned cell borders. 
The nuclei are also larger than in thymomas and 

show an increase in chromatin deposition with 
often prominent eosinophilic nucleoli (Fig.  4.4 ). 
Occasional mitotic  fi gures can be observed in 
the epithelial cells; mitoses may be typical or 
more rarely atypical but are usually not numer-
ous (usually <2 per 10 high-power  fi elds). A 
distinctive feature of these tumors is the pres-
ence of well-de fi ned cell membranes in the epi-
thelial tumor cells which contrasts with the 
indistinct cytoplasmic cell borders seen in thy-
moma. The polygonal shape of the cells and the 
sharply outlined, thick cell membranes often 
impart an epidermoid appearance to these 
tumors. In fact, microscopic foci displaying 
abrupt squamous differentiation are a frequent 
 fi nding in these lesions. The tumors are distin-
guished by a highly cohesive growth pattern 
forming solid sheets of tumor cells, in contrast 
to the discohesive growth pattern of well-differ-
entiated thymomas that are characterized by iso-
lated tumor cells separated by abundant 
lymphocytes. Perivascular spaces are often 
numerous and show a tendency to display prom-
inent peripheral palisading of tumor cells around 
the lumen of the vessels. Atypical thymomas 
composed of oval or spindle cells are also char-
acterized by increase of their nuclear size, with 
a heavy chromatin pattern, frequent eosinophilic 
nucleoli, and occasional mitotic  fi gures.    

  Fig. 4.2    Well-differentiated 
thymoma of spindle cell type. 
The tumor is composed of 
cells with oval to spindle 
nuclei. The nuclei have 
dispersed chromatin and 
absent or inconspicuous 
nucleoli. There is no mitotic 
activity       
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    4.4   Poorly Differentiated Thymic 
Epithelial Neoplasms (Thymic 
Carcinoma) 

 These tumors are de fi ned as having lost the char-
acteristic organotypical features of the thymus and 
by displaying overt cytologic evidence of malig-
nancy. Thymic carcinomas can display a wide 
variety of microscopic appearances and may 
closely resemble carcinomas of other organs  [  4 ,  5  ] . 

As such, they represent essentially a diagnosis of 
exclusion requiring strict clinical and radiographic 
demonstration of the absence of a primary tumor 
elsewhere. A large number of histologic varieties 
of thymic carcinoma have been described. In the 
study by Suster and Rosai     [  4  ] , the tumors could 
be divided based on their morphologic features 
into those of low-grade and high-grade histology. 
It remains debatable whether some of the tumors 
in the low-grade category may not be best 

  Fig. 4.4    Moderately 
differentiated thymic 
epithelial neoplasm (atypical 
thymoma). Higher 
magni fi cation of the tumor 
showing large round to 
polygonal cells with sharply 
de fi ned cell membranes and 
enlarged, hyperchromatic 
nuclei with occasionally 
prominent eosinophilic 
nucleoli       

  Fig. 4.3    Moderately 
differentiated thymic 
epithelial neoplasm (atypical 
thymoma). Tumor cells form 
solid sheets around the dilated 
thin-walled blood vessels. 
Epithelial cells predominate, 
but there are also scattered 
lymphocytes       
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reclassi fi ed as moderately differentiated thymic 
epithelial neoplasms (atypical thymoma), a cate-
gory that was not yet acknowledged at the time of 
publication of that study  [  4  ] . In any event, the sev-
eral categories of thymic carcinoma have been 
described as follows:

    • Squamous cell carcinoma.  These tumors may 
be well differentiated or poorly differentiated 
and resemble squamous cell carcinoma in other 
sites. They, however, usually retain a lobular 
growth pattern typical of other thymomas.  

   • Mucoepidermoid carcinoma  (Fig.  4.5 ). These 
tumors resemble the homonymous tumors of 
the salivary glands and may present likewise as 
either well-differentiated, moderately differen-
tiated, or poorly differentiated carcinomas.   
   • Lymphoepithelioma-like carcinoma  (Fig.  4.6 ). 
These tumors resemble the homonymous 
tumors of the nasopharynx.  
   • Clear cell carcinoma  (Fig.  4.7 ). These tumors 
are composed of clear cells containing abun-
dant glycogen in their clear cytoplasm.   

  Fig. 4.5    Poorly differenti-
ated thymic epithelial 
neoplasm. This tumor has the 
microscopic features of a 
mucoepidermoid carcinoma. 
It is composed of islands of 
polygonal, epidermoid tumor 
cells containing cystic 
luminal spaces  fi lled with 
mucin. There is no resem-
blance to the normal thymus       

  Fig. 4.6    Lymphoepithelioma-
like carcinoma. The tumor 
shows islands of primitive-
appearing cells with central 
comedo-like areas of necrosis       

 

 



48 S. Suster and C. Moran

   • Basaloid carcinoma . These tumors resemble 
basal cell carcinomas of the skin and are com-
posed of uniform round to oval cells with 
hyperchromatic nuclei and prominent periph-
eral palisading.   
   • Mucinous adenocarcinoma.  These tumors 
resemble mucin-secreting tumors in other 
parts of the body  [  6  ] .  
   • Adenoid cystic carcinoma.  These tumors 
resemble homonymous tumors of salivary 
glands  [  7  ] .  
   • Small cell neuroendocrine carcinoma.  These 
tumors are indistinguishable from homony-
mous pulmonary carcinomas.  
   • Sarcomatoid carcinoma.  This tumor type, is 
composed predominantly of spindle cells, 
suggesting the diagnosis of a mesenchymal 
malignancy. Foci of epithelial differentiation 
may be scant but are useful for the  fi nal 
diagnosis.  
   • Anaplastic carcinoma.  This tumor type, is 
usually composed of pleomorphic cells, show-
ing almost no signs of differentiation.    
 The cytologic and architectural features of 

these tumors are essentially similar to those of 
their counterparts in other organs  [  5  ] . In general, 
thymic carcinoma is characterized by marked 
cytologic atypia, increased mitotic activity, and 
frequent areas of necrosis and vascular invasion. 

    4.4.1   Comments 

     1.    Great controversy has existed in the literature 
regarding the best approach to the classi fi cation 
of thymic epithelial neoplasms. The contro-
versy has centered in recent years mainly on 
the issue of whether morphology alone is 
suf fi cient to predict the clinical behavior of 
these tumors. The consensus of opinion seems 
to be that morphology alone, particularly for 
the better-differentiated (low-grade) variants 
of thymic epithelial neoplasms, is an unreli-
able predictor of clinical behavior and that 
staging (i.e., the status of capsular integrity) is 
the most important parameter for the predic-
tion of biologic behavior in these tumors.  

    2.    The identi fi cation of moderately differentiated 
tumors (atypical thymoma) may be of 
signi fi cance due to their higher incidence of 
capsular invasion, tendency for earlier recur-
rence, and potential for transformation into a 
higher-grade malignancy  [  1,   4  ] .  

    3.    Several series of thymomas showing uncom-
mon microscopic features have been published 
during the last few years. For example, there 
are papers describing thymomas with promi-
nent papillary and pseudopapillary features 
and so-called adenomatoid spindle cell thy-
momas, just to mention a few  [  8,   9  ] . It is 

  Fig. 4.7    Clear cell carci-
noma of the thymus. The 
tumor is composed of clear 
cells but also shows 
keratinization. The tumor did 
not display any of the 
organotypical features of 
differentiation of the normal 
thymus       
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important to recognize these variants and not 
to confuse them with thymic carcinomas. Also 
it is worth remembering, as pointed out in the 
study of invasive spindle cell thymomas 
(WHO type A), “that histologic features do 
not correlate with invasion or encapsulation 
because all thymomas, regardless of their his-
tologic type are capable of invasion”  [  10  ] .     
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          5.1   Introduction 

 Tissue from the alimentary canal, the hepatobil-
iary system, and the pancreas accounts for a 
signi fi cant portion of the day-to-day surgical 
pathology material in most diagnostic pathology 
laboratories. While many of the tumors encoun-
tered in these specimens are microscopically 
identical to homonymous tumors in other parts 
of the body and are graded similarly, some are 
unique to the gastrointestinal system. This chap-
ter reviews the grading of the most common neo-
plasms of the digestive system. Several grading 
systems exist. In this chapter, we essentially 
adhere to the schemas agreed upon at the edito-
rial and consensus conference of the International 
Agency of Research for Cancer (Lyon) December 
2009 and published as the World Health 
Organization (WHO)  Classi fi cation of Tumours 
of the Digestive System  (Bosman et al. 2010). 

 Because the same grading criteria can be 
applied to the same types of tumors throughout 
the digestive tract, we will  fi rst provide general 
criteria and then discuss their application and 
 differences to each organ. Organ-speci fi c tumors 

will be discussed exclusively in the pertinent 
 sections. As a general rule, if there is intratumoral 
heterogeneity, the highest-grade component should 
be reported.  

    5.2   Grading Criteria 

    5.2.1   Squamous Cell Carcinoma 

 Squamous cell carcinomas of the digestive tract, 
like other squamous cancers elsewhere, may be 
graded based upon the relative proportions of 
keratinization, intercellular bridges, and primi-
tive basal cells  [  1  ] . A 4-grade system, in which 
the tumors are classi fi ed as well differentiated 
(grade 1), moderately differentiated (grade 2), 
poorly differentiated (grade 3), or undifferenti-
ated (grade 4), is widely accepted (Bosman et al. 
2010):

    • Grade 1, well-differentiated squamous cell 
carcinoma . Well - differentiated squamous cell 
carcinoma is composed of cells that closely 
resemble those found in normal squamous 
epithelium. Neoplastic cells in the center of 
tumor nests appear more mature and have 
more abundant eosinophilic cytoplasm in 
comparison to the cells in the periphery. 
Intercellular bridges are abundant, and keratin 
pearls, consisting of extracellular keratin 
arranged in whorls, are frequent. There is a 
paucity of compact basaloid cells.  
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   • Grade 2, moderately differentiated squamous 
cell carcinoma . A moderately  differentiated 
tumor has irregular nests and a higher 
 proportion of primitive basal cells than 
well- differentiated tumors. The tumor cells, 
although still recognizable as squamous, 
have less cytoplasm and form less keratin 
than those in well-differentiated tumors. 
Intercellular bridges are retained although they 
are less conspicuous than a well- differentiated 
tumor.  
   • Grade 3, poorly differentiated squamous cell 
carcinoma . Poorly differentiated squamous 
cell carcinoma may consist of sheets, nests, or 
strands of tumor cells that often exhibit marked 
nuclear pleomorphism. Individual tumor cells 
invading the surrounding stroma are not 
uncommon. Unlike lower-grade squamous 
cell carcinomas, both keratinization and inter-
cellular bridges are rare and may be con fi ned 
to only a few cells (Fig.  5.1 ). These tumors are 
often mitotically active with numerous atypi-
cal mitotic  fi gures.   
   • Grade 4, undifferentiated squamous cell carci-
noma . These tumors lack morphologic features 

of squamous differentiation but express 
squamous epithelial markers. Neuroendocrine 
markers should be negative.     

    5.2.2   Adenocarcinoma 

 According to the guidelines of the  WHO 
Classi fi cation of Tumours of the Digestive System  
(Bosman et al. 2010), which we are following in 
this chapter, adenocarcinomas are graded by the 
proportion of fully formed glands seen histologi-
cally and are generally classi fi ed as well differen-
tiated, moderately differentiated, or poorly 
differentiated:

    • Well-differentiated carcinomas . Over 95 % of 
the tumor consists of regularly shaped, cystic, 
or tubular glands with open lumina. The tumor 
cells are cuboidal or columnar with a variable 
amount of eosinophilic or clear cytoplasm. 
The nuclei are vesicular with a coarse chroma-
tin pattern.  
   • Moderately differentiated . Glands compose 
50–95 % of the tumor (Fig.  5.2a ). The tumor 
cells in nonglandular areas may be arranged in 

  Fig. 5.1    A focal keratin pearl 
is seen in this otherwise 
poorly differentiated 
squamous cell carcinoma       
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irregular clusters or solid nests. The glandular 
regions may be cribriform or show extensive 
nuclear strati fi cation.   
   • Poorly differentiated . Glands comprise less 
than 50 % of the tumor mass. Most of the 
neoplastic cells are arranged into solid 

sheets, nests, or cords. The glands are poorly 
formed, and tumor cells show considerable 
pleomorphism. Single cells invading the 
adjacent tissue can also be found and may 
exhibit signet ring cell morphology 
(Fig.  5.2b ).     

a

b

  Fig. 5.2    Adenocarcinoma. 
( a ) A moderately differenti-
ated adenocarcinoma, the 
majority of which forms 
glands. ( b ) Poorly differenti-
ated adenocarcinoma 
composed of signet ring cells       
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    5.2.3   Neuroendocrine Neoplasms 

 Neoplasms with neuroendocrine differentia-
tion include neuroendocrine tumors (NET) and 
neuroendocrine carcinomas (NEC). Tumors 
with an exocrine and an endocrine component, 
with one component exceeding 30 %, are class-
i fi ed as mixed adenoneuroendocrine carcinomas 
(MANEC)  [  2  ] . 

 Grading is based on morphological criteria 
(with some variations for each organ) and the 
assessment of proliferation fraction as established 
by the European Neuroendocrine Tumor Society 
(ENTS) scheme  [  3,   4  ] . The grading system based 
on proliferation requires mitotic counts in at least 
50 high-power  fi elds (HPF) and Ki-67 labeling 
index of 500–2,000 cells counted in areas of 
highest activity  [  5,   6  ] :

    • Grade 1 . Mitotic count of <2 per 10 HPF and/
or a Ki-67 index  £ 2 %  
   • Grade 2 . Mitotic count of 2–20 per 10 HPF 
and/or Ki-67 index of 3–20 %  
   • Grade 3 (neuroendocrine carcinoma or NEC) . 
Mitotic count >20 per 10 HPF and/or Ki-67 
index >20 %     

    5.2.4   Gastrointestinal Stromal Tumors 

 Gastrointestinal stromal tumors (GISTs), possi-
bly related to the interstitial cells of Cajal, occur 
throughout the gastrointestinal tract or rarely at 
extraintestinal sites  [  7–  10  ] . The most common 
site is the stomach followed by the small intes-
tine. These tumors are most often composed of 
spindle cells, although a minority is epithelioid or 
rarely of mixed type (Fig.  5.3 ). Various systems 
formulated to prognosticate clinical behavior of 
GISTs have been proposed over the years. Most 
of these systems have been based upon tumor 
location, size, and mitotic count. One such sys-
tem for GISTs originating in the stomach and 
small intestine was developed by the AFIP 
 [  8–  10  ] , was independently validated  [  11  ] , and 
has been adopted by the WHO (Table  5.1 ). As 
understanding of these tumors continues to 
evolve, future systems will likely incorporate 
protein kinase KIT, platelet-derived growth fac-
tor receptor A (PDGFRA), and succinate dehy-
drogenase (SDH) mutation status in addition to 
other markers to predict both clinical behavior 
and response to therapeutic agents  [  12–  14  ] .    

a

  Fig. 5.3    Gastrointestinal 
stromal tumor (GIST). 
( a ) Typical GIST morphology 
consisting of spindle cells 
with paranuclear vacuoles, 
abundant eosinophilic 
cytoplasm, and foci of nuclear 
palisading reminiscent of a 
schwannoma. ( b ) GIST with 
epithelioid features such as 
round nuclei       
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    5.2.5   Sarcomas 

 Primary sarcomas of the gastrointestinal tract are 
rare but may develop in any organ as mesenchy-
mal tissue is ubiquitous. These tumors are graded 
similarly to their homonymous counterparts as 
described in Chap.   13    .   

    5.3   Organ-Speci fi c Tumors 

    5.3.1   Esophagus 

 Squamous cell carcinoma and adenocarcinoma 
represent, by far, the two most common tumors of 
the esophagus  [  1  ] . In North America and Europe, 

b
Fig. 5.3 (continued)

   Table 5.1    Armed Forces Institute of Pathology prognostic schema for gastrointestinal stromal tumors   

 Tumor parameters 
 Progressive disease during follow-up 
(% of patients) 

 Prognostic group  Size (cm)  Mitotic rate (per 50 HPFs)  Gastric  Small intestinal 

 1   £ 2   £ 5  0  0 

 2  >2  £  5   £ 5  1.9  4.3 

 3a  >5  £  10   £ 5  3.6  24 

 3b  >10   £ 5  12  52 

 4   £ 2  >5  0  50 a  

 5  >2  £  5  >5  16  73 

 6a  >5  £  10  >5  55  85 

 6b  >10  >5  86  90 

  Modi fi ed from Miettinen M, Fletcher CDM et al (2010) In: Bosman FT, Carneiro F, Hruban RH, Theise ND (eds) World 
Health Organization classi fi cation of tumours. WHO classi fi cation of tumours of the digestive system, 4th edn. IARC 
Press, Lyon 
  HPF  high-power  fi eld 
  a Based on data with few cases  

http://dx.doi.org/10.1007/978-3-642-34516-6_13
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the incidence of adenocarcinomas originating in 
Barrett esophagus has markedly increased, but in 
China squamous carcinoma still represents the 
most common form of esophageal carcinoma  [  15  ] . 

  Esophageal squamous cell carcinoma  is graded 
according to the scheme provided above. Most 
tumors are well or moderately well differentiated. 
Rare variants include the following:

    • Verrucous carcinoma . This is a very well- 
differentiated keratinizing tumor with mini-
mal cytologic atypia.  
   • Spindle cell carcinoma . This tumor, known 
also as sarcomatoid carcinoma, pseudosar-
coma, or carcinosarcoma is histologically 
biphasic consisting of a high-grade spindle cell 
component and an epithelial-like component.  
   • Basaloid carcinoma . This aggressive variant 
resembles homonymous tumors in the upper 
gastrointestinal tract and is composed of basa-
loid cells forming solid nests with peripheral 
palisading along the basement membrane. Some 
tumors include areas of conventional squamous 
cell carcinoma, but even so their grade is based 
on their least differentiated components.    
  Esophageal adenocarcinoma  arises predomi-

nantly from metaplastic (Barrett’s) mucosa in the 
distal esophagus. Very rare cases are associated 
with inlet patches. Adenocarcinoma in Barrett’s 
mucosa develops through a cascade of premalig-
nant lesions (dysplasia) which can be classi fi ed 
in biopsies as follows: negative for dysplasia, 
inde fi nite for dysplasia, low-grade dysplasia, 
high-grade dysplasia, and intramucosal adeno-
carcinoma. The nuances of this scheme and the 
controversies surrounding its practical value are 
beyond the scope of this chapter. Grading of 
esophageal invasive adenocarcinoma uses the 
3-tiered system described earlier. 

  Gastrointestinal stromal tumors  ( GISTs ) of 
the esophagus are rare and are not covered by the 
prognostic scheme detailed above. However, 
most are incidentally detected when they are 
small and have a benign prognosis.  

    5.3.2   Stomach 

  Gastric adenocarcinoma  is the most common mali-
gnant tumor of the stomach. Several microscopic 

subtypes are recognized such as tubular, papillary, 
mucinous, poorly cohesive, mixed, and hepatoid 
 [  16  ] . The 3-tiered scheme outlined previously 
applies primarily to the tubular and papillary carci-
nomas. The poorly cohesive type, which includes 
signet ring cell carcinoma, is by de fi nition poorly 
differentiated. 

  Gastric NETs  are classi fi ed in three distinct 
types  [  5,   6  ] :

    • Type I NETs  are associated with hypergas-
trinemia resulting from autoimmune atrophic 
gastritis; they are typically small (<1.0 cm), 
multiple, and multicentric. These tumors have 
an excellent clinical prognosis.  
   • Type II NETs  occur in patients with multiple 
endocrine neoplasia type 1 and Zollinger-
Ellison syndrome and are also associated with 
hypergastrinemia. Type II NETs are multiple 
and <1.5 cm.  
   • Type III NETs  (sporadic) are not associated 
with hypergastrinemia. These tumors are gen-
erally solitary, arise in healthy gastric mucosa, 
and are not accompanied by ECL cell hyper-
plasia. Sporadic NETs progress to NEC (grade 
3, mitotic count >20/HPF or Ki-67 index 
>20 %) and present with symptoms similar to 
those of gastric adenocarcinoma, often with 
distant metastases.     

    5.3.3   Small Intestine 

 Tumors of the small intestine are very rare. 
Microscopically these tumors resemble those in 
other parts of the gastrointestinal system. Most 
tumors are classi fi ed as adenocarcinomas, NETs, 
or GISTs  [  17  ] . 

  Adenocarcinoma  is predominantly found in 
patients with polyposis syndromes (familial ade-
nomatous polyposis, MUTYH polyposis, Lynch 
syndrome, Peutz-Jeghers syndrome, and juvenile 
polyposis) and less frequently in patients with 
long-standing Crohn’s disease. These tumors are 
graded using the 3-tiered system used for other 
adenocarcinomas  [  17  ] . 

  Neuroendocrine tumors  in the duodenum and 
the proximal jejunum usually measure less than 
2.0 cm and may be multiple. These tumors are 
typically grade 1 and 2. NECs (grade 3) are larger 
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(2.0–4.0 cm) and may morphologically resemble 
small or large cell neuroendocrine carcinoma. In 
the distal jejunum and ileum, all neuroendocrine 
neoplasms reported to date are NETs (grade 1–2).  

    5.3.4   Ampulla of Vater 

 Malignant ampullary region tumors are either 
adenocarcinomas or neuroendocrine carcinomas. 
Adenocarcinomas are graded like homonymous 
tumors in other parts of the gastrointestinal system. 
The majority of ampullary neuroendocrine neo-
plasms (70 %) are NETs and 20 % are paragan-
gliomas  [  18  ] . The remainder consists of NECs, 
which may show small cell and large cell differen-
tiation. A signi fi cant portion of neuroendocrine 
carcinomas (>30 %) have an adenocarcinoma com-
ponent and therefore are classi fi ed as MANECs.  

    5.3.5   Large Intestine 

 Tumors of the large intestine are the most com-
mon neoplasms of the gastrointestinal system. 
These tumors are usually adenocarcinomas, neu-
roendocrine neoplasms, or GISTs  [  19  ] . 

  Adenocarcinomas  of the large intestine are 
graded according to the previously described 

scheme (Fig.  5.4 ). In addition to the three con-
ventional categories of differentiation (well, 
moderate, and poorly), the most recent WHO 
classi fi cation also includes the category of 
undifferentiated carcinoma (grade 4), character-
ized by complete lack of morphological, immu-
nohistochemical, or molecular evidence of 
differentiation  [  19  ] . However, we believe, as do 
others, that while the designation of undifferen-
tiated carcinoma is sensible, equating it to grade 
4 adenocarcinoma is inappropriate since at the 
very core of its de fi nition lays the absence of 
recognizable glandular structures. Hence, the 
morphology of these tumors provides no sup-
port for their inclusion into the category of 
adenocarcinomas.  

 The following variants of colonic adenocarci-
noma are considered poorly differentiated:

    • Mucinous adenocarcinoma . In this form of 
adenocarcinoma, more than 50 % of the 
tumor is composed of pools of extracellular 
mucin.  
   • Signet ring cell carcinoma . In order to clas-
sify a tumor into this category, over half of 
the tumor must be composed of signet ring 
cells.  
   • Medullary carcinoma . These tumors are com-
posed of well-circumscribed sheets of mitoti-
cally active cells with vesicular nuclei, 

  Fig. 5.4    Colonic adenocarci-
noma. ( a ) Well-differentiated 
tumor with abundant glands 
displaying open lumina. 
( b ) Moderately differentiated 
adenocarcinoma composed of 
both glandular and solid areas. 
( c ) Poorly differentiated 
carcinoma arranged in solid 
sheets with only focal abortive 
glands         

a 
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prominent nucleoli, abundant eosinophilic 
cytoplasm, and a marked lymphocytic 
in fi ltrate.    
 The mucinous, signet ring cell, and medullary 

subtypes may be associated with microsatellite 
instability and are usually less aggressive than 
their microsatellite stable counterparts.  

    5.3.6   Pancreas 

  Adenocarcinoma  is the most common malignant 
tumor of the pancreas, and most of these arise 
from the pancreatic ducts and thus represent duc-
tal adenocarcinomas  [  20  ] . The current grading 
system for ductal adenocarcinoma (Klöppel’s 

c

b
Fig. 5.4 (continued)
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grading scheme, endorsed and modi fi ed by the 
WHO) involves evaluation of gland-tubule for-
mation, mucin production, mitotic count, and 
nuclear atypia (Fig.  5.5 ). Table  5.2  summarizes 
the 2010 WHO grading system of pancreatic ade-
nocarcinomas  [  20  ] .    

    5.3.7   Liver 

  Hepatocellular carcinoma  (HCC) is most often 
of the classical type in which the cells retain some 
resemblance to normal liver cells  [  21  ] . Several 
other microscopic subtypes have been recognized 

including the following:  fi brolamellar, scirrhous, 
undifferentiated, lymphoepithelioma like, and 
sarcomatoid  [  22  ] . 

 HCC may be classi fi ed as well differentiated, 
moderately differentiated, and poorly differenti-
ated (Fig.  5.6 ): 

    • Well-differentiated hepatocellular carcinoma . 
Most common in tumors less than 2.0 cm and 
rare in larger tumors. Neoplastic cells show 
minimal cytologic atypia with thin trabecular 
structures and pseudoglandular structures. 
Fatty change is frequent.  
   • Moderately differentiated hepatocellular carci-
noma . Most common grade of HCC seen usually 

  Fig. 5.5    Pancreatic 
adenocarcinoma. This 
moderately differentiated 
tumor exhibits moderate 
nuclear pleomorphism, 
irregular mucin production, 
and anastomosing glands 
correlating to a Klöppel 
grade 2       

   Table 5.2    Klöppel grading system for pancreatic adenocarcinoma adopted by WHO   

 Tumor grade  Glandular differentiation  Mucin production  Mitoses (per 10 HPF)  Nuclear features 

 Grade 1  Well differentiated  Intense  5  Little polymorphism, 
polar arrangement 

 Grade 2  Moderately differentiated 
duct-like structures and 
tubular glands 

 Irregular  6–10  Moderate pleomorphism 

 Grade 3  Poorly differentiated glands, 
abortive mucoepidermoid, 
and pleomorphic structures 

 Abortive  >10  Marked polymorphism 
and increased size 

   Source : Bosman FT, Carneiro F, Hruban RH, Theise ND (eds) (2010) World Health Organization classi fi cation of 
tumours. WHO classi fi cation of tumours of the digestive system, 4th edn. IARC Press, Lyon 
  HPF  high-power  fi eld  
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in lesions greater than 3.0 cm. The tumoral cells 
have abundant eosinophilic cytoplasm and round 
nuclei with distinct nucleoli. Trabeculae are often 
greater than three cells thick. Pseudoglandular 
structures are common and often contain bile or 
proteinaceous material.  
   • Poorly differentiated hepatocellular carci-
noma . This form of HCC grows in a solid 
pattern with slit-like vessels and loss of 

sinusoidal spaces. The tumor cells are pleo-
morphic with an increased nuclear-cytoplasmic 
ratio.    
 The WHO also recognizes an undifferentiated 

grade for hepatocellular carcinoma, which may 
be found in the central region of more differenti-
ated tumors. 

  Cholangiocarcinoma  is a relatively rare 
tumor in the USA but occurs more often in parts 

  Fig. 5.6    Hepatocellular 
carcinoma (HCC). ( a ) Well-
differentiated HCC with 
mildly hyperchromatic and 
irregular nuclei and an 
architecture with minimally 
thickened plates which may 
be dif fi cult to distinguish 
from nonneoplastic liver. 
( b ) Moderately differentiated 
HCC composed of cords of 
cells with pleomorphic and 
hyperchromatic nuclei. 
( c ) Poorly differentiated HCC 
consisting of solid sheets of 
cells with crowded nuclei and 
little resemblance to normal 
liver         

b

a 
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of Asia  [  23,   24  ] . According to the WHO  [  24  ] , 
these tumors may be graded as well, moder-
ately, or poorly differentiated depending on the 
extent of gland formation and the degree of 
cytological and architectural abnormalities 
(Fig.  5.7 ): 

    • Well differentiated . These tumors are com-
posed of cuboidal cells that form uniform 
glands and papillary structures. Tumor cells 
may contain mucin, may be oncocytic, or can 
display squamous differentiation. The stroma 
is usually well developed, but some tumors 
may be highly desmoplastic.  
   • Moderately differentiated . These tumors form 
irregular glands, cribriform duct-like struc-
tures, cords, and solid nests. Desmoplastic 
stroma may be abundant.  

   • Poorly differentiated . These tumors are com-
posed of pleomorphic cells with hyperchromatic 
nuclei arranged into solid sheets, strands, and 
nests. Gland formation may be focal. Some 
tumors are sarcomatoid and the spindled neo-
plastic cells may merge imperceptibly with the 
stroma. In some cases, the associated desmoplas-
tic reaction may even render the malignant cells 
dif fi cult to identify on routine H&E sections.     

    5.3.8   Gallbladder 

 Adenocarcinomas of the gallbladder may be 
graded as well, moderately, or poorly differenti-
ated. These tumors are graded like the intrahe-
patic cholangiocarcinomas. 

cFig. 5.6 (continued)
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          6.1   Introduction 

 The grading of tumors of endocrine glands has 
been often dif fi cult, inconsistent, and unreward-
ing. The reasons for these problems vary from 
one endocrine organ to another and from one 
tumor type to another, but in general, several 
explanations could be offered:

   The transition of hyperplasia to benign neo-• 
plasia to malignancy includes in many endo-
crine organs a spectrum of morphologic 
changes which are not always easily de fi ned.  
  The proposed grading systems are often com-• 
plex and include a number of variants that are 
not acceptable to all pathologists. The lack of 
consensus among the pathologists has been 
one of the main hindrances to grading of most 
endocrine tumors.  
  The correlation between the microscopic grad-• 
ing and the prognosis of tumors is often poor, 
and therefore, with a few notable exceptions, 
the clinicians do not  fi nd the pathologic grading 
of endocrine tumors to be as useful in the grad-
ing of tumors of some other organs systems.     

    6.2   Pituitary Tumors 

 Most pituitary tumors are classi fi ed as adenomas, 
which are further subtyped as hormonally active or 
inactive. Hormonally active adenomas are further 
classi fi ed on the basis of laboratory and immuno-
histochemical data as prolactinomas, growth hor-
mone-secreting adenomas, corticotrophic adenomas, 
gonadotrophic adenomas, thyrotrophic adenomas, 
and plurihormonal mixed tumors. Standardized 
protocols have been developed for the handling and 
pathologic processing and reporting of pituitary 
tumors  [  1  ] . 

 Small tumors measuring less than 10 mm in 
diameter are called microadenomas, whereas 
those that exceed 10 mm in diameter are called 
macroadenomas. Some of the macroadenomas 
have an aggressive growth and tend to recur after 
surgical resection. Pituitary carcinomas with 
extracranial metastases are extremely rare  [  2  ] . 

 Microscopic grading of pituitary tumors is of 
limited clinical value because one cannot predict 
which tumors will be aggressive and recur after 
surgical resection and which one will be cured by 
initial surgery. 

    6.2.1   Comments 

     1.    The aggressiveness of pituitary adenomas can-
not be predicted from their histologic appear-
ance. Thus, one can disregard the following 
microscopic  fi ndings:
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   Areas of necrosis  • 
  Bizarre enlarged nuclei  • 
  Ring or giant nuclei  • 
  Prominent nucleoli  • 
  Mitotic  fi gures     • 

    2.    Prognostic indicators have been recently 
reviewed by Suhardja et al.  [  3  ] . The use of 
modern techniques such as DNA  fl ow cytom-
etry has been found to be of no clinical predic-
tive value in assessing the invasiveness or 
persistence/recurrence of pituitary tumors.       

    6.3   Thyroid Tumors 

 Thyroid tumors are classi fi ed as benign or malignant. 
Thyroid adenomas outnumber carcinomas, which 
account for less than 1 % of all thyroid neoplasms. 

 Thyroid carcinomas are heterogeneous group 
tumors that occur in many histologic forms. 
Papillary carcinoma accounts for approximately 
80 % of all carcinomas, forming with follicular 
carcinoma, medullary carcinoma, and undiffer-
entiated (anaplastic) carcinomas, the vast major-
ity of all thyroid tumors seen in general surgical 
pathology practice. The grading of thyroid tumors 
is of relative limited clinical signi fi cance  [  4,   5  ] . 

    6.3.1   Comments 

     1.    Papillary carcinoma of the thyroid may be 
graded microscopically. However, this grad-
ing system has not been widely used, and the 
recent reviews of the prognostic factors indi-
cate that the size of the tumor and TNM stag-
ing are still the best predictors of tumor 
recurrence or resistance to therapy  [  6–  9  ] .  

    2.    Follicular carcinoma cannot be graded ade-
quately, but insular component, poorly differen-
tiated carcinoma, trabecular component, serum 
thyroglobulin level before surgery, patient age at 
the time of presentation, solid component, and 
vascular invasion have adverse prognostic impli-
cations  [  10,   11  ] . The search for insular compo-
nents seems to be warranted, since this pattern 
of growth has proven to be an independent risk 
factor. Hürthle cell pattern has also an adverse 

prognosis. The extent of necrosis and the prolif-
eration index may also have prognostic value 
 [  11  ] . The signi fi cance or newly introduced 
terms such as follicular tumor of uncertain 
malignant potential, well-differentiated tumor 
of uncertain malignant potential, and well- 
differentiated carcinoma not otherwise speci fi ed 
remain to be determined in clinical-pathologic 
studies with long-term outcome  [  5  ] . 
  Medullary carcinoma cannot be reliably 
graded. Nevertheless it has been noticed that 
certain microscopic  fi ndings correlate well with 
the aggressiveness of the tumors  [  12  ] . These 
microscopic  fi ndings include the following:

   High mitotic activity  • 
  Foci of necrosis  • 
  Small cell type  • 
  Squamous differentiation    • 
 The prognosis is adversely affected by the 

 fi nding of intravascular invasion, perineural 
invasion, extrathyroidal extension, and lymph 
node metastases  [  13  ] . The use of molecular 
biology and other probes has not contributed 
signi fi cantly to predicting the outcome of 
treatment  [  13,   14  ] .  

    3.    Undifferentiated carcinoma has an overall poor 
prognosis. Patients’ advanced age, presence of 
necrosis (either focal or extensive), and mitotic 
count of more than three per ten high-power  fi elds 
are associated with the worst outcome  [  15  ] .       

    6.4   Parathyroid Tumors 

 Most of the parathyroid tumors are benign; parathy-
roid carcinomas are rare and may occur in both the 
usual location and ectopically  [  16,   17  ] . Microscopic 
grading of parathyroid tumors is not warranted, but 
the pathologist may be asked to contribute to the 
clinical-pathologic effort aimed at distinguishing 
parathyroid adenoma from parathyroid carcinoma. 

    6.4.1   Comments 

     1.    Parathyroid adenomas often contain cells with 
enlarged hyperchromatic nuclei. These nuclear 
changes are not signs of malignancy  [  18  ] .  
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    2.    The clinical and pathologic features favoring the 
diagnosis of parathyroid carcinoma are as follows:

   Large size of the tumor  • 
  Adhesion of a hard tumor to adjacent • 
structures  
  Extremely high serum levels of calcium • 
and parathyroid hormone  
  Persistence of hyperparathyroidism after • 
surgery  
  Microscopic invasion of the capsule and • 
adjacent tissues  
  Vascular invasion  • 
  Fibrous bands subdividing the tumor into • 
segments  
  Spindle-shaped nuclei of tumor cells  • 
  Mitotic activity  • 
  High labeling with MIB-1 antibodies     • 

    3.    Many parathyroid tumors thought to be malig-
nant do not recur, and better criteria distinguish-
ing aggressive from nonaggressive parathyroid 
tumors need to be developed  [  17,   18  ] .       

    6.5   Adrenal Cortical Tumors 

 Adrenal cortical tumors can be benign or malig-
nant and hormonally active or inactive  [  19–  21  ] . 
Most adrenocortical tumors are benign and are 
thus classi fi ed as adenomas; adrenocortical carci-
nomas are rare with an incidence of 0.5–2.0 cases 
per million population. 

 The grading of malignancy of adrenal cortical 
carcinomas is not routinely performed. Microscopic 
analysis is however useful for distinguishing these 
malignant tumors from benign adenomas. 

    6.5.1   Comments 

     1.    The distinction of adrenocortical adenomas 
from carcinomas is not always simple. The 
size of the tumors is important: Tumors weigh-
ing more than 50 g and measuring 5 cm or 
more in greatest diameter are most likely 
malignant, whereas those that weigh less and 
are smaller are usually benign.  

    2.    Several microscopic systems have been pro-
posed to make the distinction more precise. 

Four most widely used systems were recently 
reviewed by Lau and Weiss  [  19  ] . Here, we 
present only the system developed by Weiss 
because it is the simplest and thus the easiest 
to use in practice.  

    3.    The Weiss system for diagnosing adrenal cor-
tical carcinoma and separating it from adrenal 
cortical adenoma requires  fi nding at least three 
criteria from the following list:

   High nuclear grade  • 
  Mitotic rate exceeding  fi ve mitoses per 50 • 
high-power  fi elds  
  Atypical mitoses  • 
  Cells with clear cytoplasm accounting for • 
more than 25 % of all cells  
  Diffuse growth pattern in more than 30 % • 
of the tumor  
  Necrosis  • 
  Invasion into the veins  • 
  Invasion into the sinusoids  • 
  Invasion into the capsule        • 

 The nuclei are graded according to the system 
developed by Fuhrman for renal carcinoma, and 
“high nuclear grade” corresponds to Fuhrman 
grades 3 and 4. Aubert et al.  [  20  ]  applied this sys-
tem to their own material and found a correlation 
with clinical outcome in 98 % of the cases. The 
same authors reported that the immunohis-
tochemical staining with MIB-1 may also help in 
predicting the malignancy of adrenocortical 
tumors. Giordano is also advocating the use of 
mitotic count for grading and formulating the 
prognosis for adrenocortical carcinoma  [  21  ] . 
Molecular biology with transcriptome pro fi ling 
based on the study of ten genes may provide 
additional data that are of prognostic signi fi cance 
 [  22  ] . Nevertheless many challenging questions 
remain unanswered  [  23  ] .   

    6.6   Adrenal Medullary Tumors 

 Adrenal medullary tumors comprise two groups: 
peripheral neuroblastic tumors (pNT), including 
neuroblastoma, ganglioneuroblastoma, and gangli-
oneuroma, and pheochromocytomas, i.e., tumors 
composed of chromaf fi n cells resembling adult 
medullary adrenal cells. Grading is an important 
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part of the pathologic work-up of peripheral neuro-
blastic tumors. Pheochromocytomas are not graded 
microscopically; however, microscopic study of 
these tumors may help in distinguishing those that 
are benign from those that are malignant.  

    6.7   Peripheral Neuroblastic 
Tumors 

 Neuroblastoma, ganglioneuroblastoma, and gan-
glioneuroma are tumors derived from immature 
sympathetic neuroblasts  [  24,   25  ] . Neuroblastomas 
occur most often in the adrenals of infants and 
children and less commonly in the extra-adrenal 
locations of the abdomen and the thoracic cavity. 
Ganglioneuroblastomas and ganglioneuromas 
also can occur in the adrenals but are more often 
found in extra-adrenal sites. 

 For practical purposes, these tumors are 
grouped under the heading of peripheral neuro-
blastic tumors (pNT) and strati fi ed according to 
the criteria of the International Neuroblastoma 
Pathology Classi fi cation (INPC). The INPC is 
based on the system developed by Shimada et al. 
 [  24  ]  in 1984 and revised subsequently to incorpo-
rate molecular/genetic indicators  [  25–  30  ] . 

 On the basis of clinical, pathologic, and 
genetic/molecular  fi ndings, pNT are classi fi ed as 
tumors with favorable indicators and tumors with 
unfavorable indicators (Table  6.1 ). By combining 
these  fi ve indicators, the patients can be subdi-
vided into three groups: low-risk, intermediate-
risk, and high-risk groups  [  24,   25  ] .  

  The microscopic grading system  is based on the 
analysis of differentiation of tumor cells into 
Schwann cell-rich stroma and by estimating the 
proliferative capacity of tumor cells by calculating 
the so-called mitosis-karyorrhexis index (MKI). 

  The  fi rst step  in the classi fi cation includes 
gross examination of tumors for the presence of 
nodules and a microscopic examination to deter-
mine the extent of schwannian differentiation. 
According to the degree of schwannian differen-
tiation, pNT can be subdivided into two major 
groups (Fig.  6.1 ): tumors that contain less than 
50 % of schwannian stroma (called “schwannian 
stroma poor” [“stroma poor”]), corresponding to 
neuroblastomas, and those with more than 50 % 
of schwannian stroma (called “schwannian 
stroma rich or dominant” [“stroma rich”]), gan-
glioneuromas, and ganglioneuroblastomas.  

    6.7.1   Stroma-Rich Peripheral 
Neuroblastic Tumors 

  The second step  for evaluating schwannian stroma-
poor pNT (neuroblastomas) is to analyze them 
microscopically and classify into three groups, 
i.e., as undifferentiated, poorly differentiated, and 
differentiating neuroblastoma (Fig.  6.2 ): 

    • Neuroblastoma undifferentiated . These tumors 
are composed of undifferentiated cells, whose 
neuroblastic nature can be de fi nitely proven only 
by additional immunohistochemical or ultra-
structural studies. These neuroblasts have small-
to-medium size nuclei surrounded with scant 
cytoplasm that has indistinct borders. The nuclei 
contain  fi nely granular or stippled (“salt and 
pepper”-like) chromatin and occasional nucleoli. 
Between the cells, there is no discernible neuro-
pil. Foci of necrosis, exudates of  fi brin, or col-
lagenous stroma may be seen but should not be 
mistaken for schwannian differentiation.  
   • Neuroblastoma, poorly differentiated . These 
tumors are composed of undifferentiated neuro-
blasts but also contain streaks of neuropil 

 Parameter  Favorable  Unfavorable 

 Age at diagnosis  Less than 1 year  1 year or more 
 Clinical stage  Stage 1 or 2 or 4S  Stage 3 or 4 
 Histopathology  Favorable  Unfavorable 
  MYCN  oncogene  Non-ampli fi ed  Ampli fi ed 
 DNA ploidy  Hyperdiploid  Diploid 
 Urinary catecholamines  Elevated  Low 

   Source : Modi fi ed from tables in Wenig et al. (1997) and Shimada et al.     [  24 – 26  ]   

 Table 6.1    Classi fi cation 
of peripheral neuroblastic 
tumors according to the 
prognostic parameters  
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 corresponding to focal schwannian differentia-
tion. Up to 5 % of all tumor cells differentiate 
into ganglion cells. These ganglion cells must be 
distinguished from neuroblasts that have pleo-
morphic and anaplastic or bizarre nuclei and 
multiple nucleoli. The extent of neuropil forma-
tion varies from one tumor to another but also 
from one section of the same tumor to another.  
   • Neuroblastoma, differentiating . These tumors 
are composed of neuroblastic cells that show 
focal neuronal differentiation. Differentiating 
neuroblasts and ganglion cells account for 5 % 
or more of all tumor cells. Differentiating neuro-
blasts show synchronous enlargement of nuclei 
and cytoplasm. The vesicular nucleus of these 
cells is located eccentrically in a well-developed 
cytoplasm, which appears eosinophilic or 
amphophilic and has clear-cut cell borders. 
Mature ganglion cells may be seen as well. 
 The extent of schwannian stroma formation • 
varies, but by de fi nition, stroma comprises 

less than 50 % of the entire tumor. The amount 
of schwannian neuropil is not critical for dis-
tinguishing poorly differentiated from differ-
entiating neuroblastoma. It is usually most 
prominent at the periphery of tumor nests but 
does not lead to the formation of nodules or 
distinct separation of the undifferentiated from 
the differentiated part of the tumor. The conti-
nuity between the stroma-poor and stroma-
enriched parts of differentiating neuroblastoma 
is a very important feature of these tumors, 
allowing one to distinguish them from gangli-
oneuroblastoma nodular type.    
  The third step  in evaluating the schwannian 

stroma-poor pNT includes counting of mitoses 
and karyorrhectic nuclei (mitosis-karyorrhexis 
index – MKI). Mitotic  fi gures are recognized by 
their rod-shaped condensation of chromatin, 
spiked projections of chromatin, and a lack of 
nuclear membrane. Karyorrhexis leads to con-
densation of the chromatin and fragmentation of 
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  Fig. 6.2    Peripheral neuro-
blastic tumors classi fi ed as 
“schwannian stroma-poor 
tumors.” ( a ) Undifferentiated 
tumor, composed almost 
exclusively of densely 
compacted neuroblastic cells. 
( b ) Poorly differentiated 
tumor composed of immature 
neuroblasts with focal streaks 
of neuropil corresponding to 
schwannian differentiation. 
( c ) Differentiating neuroblas-
toma consists of undifferenti-
ated and differentiating 
neuroblastic cells and a 
well-developed neuropil         

a

b
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nuclear material, accompanied by eosinophilic 
condensation of the cytoplasm. It is necessary to 
count 5,000 cells and then express the MKI as 
low, 2 % (<100/5,000); intermediate, 2–4 % 
(100–200/5,000); or high, >4 % (>200/5,000). 

  The fourth step  involves inclusion of clinical 
data, primarily the age of the patient. Using the 
guidelines outlined in Fig.  6.1 , the histologic 
 fi ndings are then classi fi ed as favorable histology 
(FH) or unfavorable histology (UH).  

    6.7.2   Stroma-Rich Tumors 

  The second step  for tumors that contain more 
than 50 % of schwannian stroma ( stroma-rich 
tumors ) involves evaluation for nodularity. 
Nodules may be visible on gross examination or 
only microscopically. 

  The third step  for evaluating the tumors that 
show no nodularity includes a microscopic exami-
nation to determine whether the tumor contains 

neuroblastic cells. If no neuroblastic foci are found, 
the tumor is classi fi ed as ganglioneuroma, matur-
ing subtype. If microscopic neuroblastic cells are 
present, the tumor is classi fi ed as ganglioneuro-
blastoma, intermixed. Both of these tumors have 
favorable histology (FH). 

 If macroscopically visible nodule(s) are pres-
ent, the tumor may be classi fi ed as ganglioneuro-
blastoma, nodular, classic, or ganglioneuroblastoma 
variant (GNBn). Some of the ganglioneuroblas-
toma variants have no macroscopically visible 
nodules but are associated with metastases that 
show neuroblastomatous features. 

 Principal features of stroma-rich tumor are 
illustrated in the Fig.  6.3  and brie fl y summarized 
as follows: 

    • Ganglioneuroma.  This tumor is composed pre-
dominantly of ganglioneuromatous stroma. If it is 
composed of mature Schwann cells and ganglion 
cells, it is subclassi fi ed as  ganglioneuroma, mature 
subtype . If it also contains foci of differentiating 
neuroblasts, it is subclassi fi ed as  ganglioneuroma, 

cFig. 6.2 (continued)
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  Fig. 6.3    Peripheral neuroblastic 
tumors classi fi ed as “schwan-
nian stroma-rich tumors.” 
( a ) Ganglioneuroma, mature, 
consists of ganglion cells and 
schwannian cells. 
( b ) Ganglioneuroma, maturing 
subtype, consists of maturing 
neuroblasts and ganglion cells 
in a schwannian stroma. 
( c ) Ganglioneuroblastoma, 
intermixed, is composed 
predominantly of ganglioneu-
romatous tissue forming more 
than 50 % of the entire tumor. 
However, it also contains 
residual microscopic 
neuroblastic foci, seen as small 
blue cells         

a

b
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maturing subtype . Maturing neuroblastomatous 
cells are intermixed with schwannian cells and do 
not form distinct nests as in the intermixed from 
of ganglioneuroblastoma.  
   • Ganglioneuroblastoma, intermixed . This tumor 
is composed predominantly of ganglioneu-
romatous tissue forming more than 50 % of the 
entire tumor. However, it also contains residual 
microscopic neuroblastic foci. Because of these 
“residual neuroblasts,” this tumor must be dif-
ferentiated from ganglioneuroblastoma, nodu-
lar subtype, a tumor that contains hemorrhagic 
nodule or nodules composed of highly aggres-
sive tumor cells.  
   • Ganglioneuroblastoma, nodular.  Typically 
this tumor may present a single hemorrhagic 
nodule or in form of several hemorrhagic nod-
ules surrounded by grayish-white tissue. 
Microscopically, it has a characteristic com-
posite nature, containing both stroma-rich/
stroma-dominant nodules and stroma-poor 
nodules. Thus, some nodules are composed of 
undifferentiated neuroblastic cells, whereas 

others have the features of ganglioneuroblas-
toma intermixed and ganglioneuroma.  
   • Ganglioneuroblastoma variant . These tumors 
can be nodular on gross examination or show 
no nodularity  [  26  ] . Some tumors are not nod-
ular but have metastases. It should be noticed 
that some tumors in this category have more 
and some have less than 50 % of schwannian 
stroma. It has been shown that the nodules 
can be classi fi ed as favorable or unfavor-
able. The favorable nodules include poorly 
differentiating or differentiating and low or 
intermediate MKI tumors in children under 
the age of 1.5 year. The unfavorable nodules 
in children under 1.5 years of age are com-
posed of undifferentiated cells and have a 
high MKI. In the age group between 1.5 and 
5 years, the nodules are composed of undif-
ferentiated tumors or poorly differentiated 
tumors with an intermediate or high MKI. In 
children over the age of 5 years, all tumors of 
this type are considered to have unfavorable 
histology.     

cFig. 6.3 (continued)
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    6.7.3   Comments 

     1.    The grading and prognostic strati fi cation of 
peripheral neuroblastic tumors are constantly 
upgraded with data obtained by studies based 
on the application of cytogenetics, immunohis-
tochemistry, and molecular biology  [  27,   28  ] . 
Ultimately this will lead to new revisions of 
the INPC criteria.  

    2.    Excellent treatment results are obtained in 
asymptomatic low-risk neuroblastoma patients 
stages 2a and 2b  [  30  ] .Older patients or those 
who have unfavorable histology tumors have a 
less favorable prognosis, but even so the risk 
strati fi cation is not ideal and needs to be re fi ned.  

    3.    Pheochromocytomas are not graded routinely. 
Most pheochromocytomas are benign, but 
approximately 10 % are malignant  [  31  ] . Micros-
copic data are used for predicting the malig-
nancy of these tumors, although this might be 
extremely dif fi cult  [  32  ] . A scoring system for 
predicting the malignancy of pheochromocy-
toma has been proposed by Thompson  [  32  ] . 
The  fi ndings favoring the diagnosis of malig-
nancy include the following:

   Invasive growth:• 
   Capsular invasion   –
  Vascular invasion   –
  Invasion of the periadrenal fat tissue      –

  Architectural features:• 
   “Large nests” exceeding three to four time  –
the size of normal paraganglia  
  Diffuse growth of tumor cells   –
  Increased cellularity with nuclear monotony   –
  Central of con fl uent necrosis      –

  Cellular and nuclear features:• 
   Spindle-shaped or small cells   –
  Cellular and nuclear pleomorphism   –
  Nuclear hyperchromasia   –
  Macronucleoli      –

  Mitoses:• 
   Increased activity (>3 per 10 hpf)   –
  Atypical mitoses         –

    4.    Up to 30 % of all pheochromocytoma patients 
have germ line mutations involving one of the 
well-known tumor susceptibility genes, result-
ing in well-de fi ned multiple tumor syndromes 
 [  33,   34  ] . Thus, pheochromocytomas develop 
as part of multiple endocrine neoplasia type 2 

due to mutations in the RET gene, von Hippel-
Lindau disease caused by mutation of VHL 
gene, hereditary paraganglioma syndromes 
resulting from mutations of succinate dehy-
drogenase genes (SDHD, SDHAF2, SDHC, 
SDHB), neuro fi bromatosis type 1 due to muta-
tions of the NF1 gene, and familial pheochro-
mocytoma syndromes due to mutations of the 
SDHA, TMEM127, and MAX genes. Genetic 
testing of pheochromocytoma patients is thus 
a high-yield procedure because it can identify 
patients at risk of relapse of pheochromocy-
toma or multiple pheochromocytomas.       

    6.8   Pancreatic Neuroendocrine 
Neoplasms 

 The participants of the North American Neuro-
endocrine Society on neuroendocrine tumor con-
sensus conferences agreed that the pancreatic 
neuroendocrine tumors (NET) should be separated 
from neuroendocrine tumors of the stomach and 
intestines  [  35,   36  ] . According to the general con-
sensus, NET are to be classi fi ed into three groups: 
low grade, intermediate grade, and high grade. 
However, no speci fi c system of grading was recom-
mended, and accordingly, new approaches are being 
developed to provide better grading of PEN  [  37  ] . In 
several clinical-pathologic studies, including a 
recent large international study on over 1,000 
patients, it has been shown that microscopic grading 
has clinical and prognostic value, but it is not rou-
tinely practiced  [  38  ] . 

    6.8.1   Comment 

     1.    On the basis of microscopic  fi ndings alone, it is 
not possibly easy to predict which islet cell tumor 
will be clinically benign and which one will have 
a more aggressive growth and metastasize. The 
only exception is the small cell carcinomas that 
resemble small cell (“oat-cell”) carcinomas of 
the lungs which are highly malignant and are 
readily identi fi able microscopically.  

    2.    Immunohistochemistry with antibodies to KIT 
(CD117) and cytokeratin CK19 can generate 
data that have prognostic signi fi cance  [  37  ] . 
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Low-risk tumors are KIT−/CK19−, intermedi-
ate-risk tumors are KIT−/CK19+, and high-
risk tumors are KIT+/CK19+  [  37  ] .  

    3.    In a study of almost 100 pancreatic endocrine 
tumors, Mayo Clinic pathologists have found 
that the three groups of PEN differ one from 
another with regard to the following parame-
ters: tumor size, mitoses, in fi ltrative borders, 
extrapancreatic extension, perineural invasion, 
and presence of amyloid  [  37  ] . To simplify the 
grading system, they have proposed to use 
only three variables: mitoses, necrosis, and 
in fi ltrating/nonin fi ltrating tumor borders. This 
three-tiered system correlates well with the 
KIT/CK19 system and is readily applicable in 
practice (Table     6.2 ). There was a signi fi cant 
difference in the survival, tumor metastasis, 
tumor recurrence, and functional activity of 
tumors in these three groups.      
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 Tumors of the kidneys form a rather heterogeneous 
group of neoplasms. Malignant tumors predomi-
nate, and among these, clear cell renal cell carci-
noma accounts for most of the neoplasms. Papillary 
renal cell carcinoma comprises approximately 
10–15 %, chromophobe 5 %, and carcinoma of the 
collecting duct of Bellini less than 1 % of all renal 
malignancies. Approximately 4–5 % of renal 
malignant tumors cannot be properly classi fi ed and 
are grouped under the heading of renal cell carci-
noma unclassi fi ed. All other malignant renal tumors 
are rare    (Eble et al. 2004; Murphy et al. 2004; 
Bostwick and Cheng 2008). 

    7.1   Clear Cell Renal Cell Carcinoma 

 As implied in its name, this most common renal 
tumor is composed of clear cells. The historical 
aspects and the controversies surrounding the grad-
ing of renal cell carcinomas have been comprehen-
sively reviewed by Delahunt  [  1  ] . Tumor grade, 
together with positive surgical resection margins, 
presence of metastases, pTNM stage, tumor type, 
and sarcomatoid architecture, is considered to 

belong to the category 1 prognostic factors  [  2  ] . 
Even though there is no consensus on the merits 
and reproducibility of various grading systems, the 
grading system proposed by Fuhrman et al.  [  3  ]  has 
been most widely used and tested and is included in 
the WHO text (Eble et al. 2004). This four-tiered 
system is presented here. 

  Fuhrman Grading System . The tissue is exam-
ined at low magni fi cation, and the most anaplas-
tic (“worst”) area is identi fi ed for grading. The 
grading takes into account the size and shape of 
nuclei, the chromatin pattern, and the presence of 
nucleoli as follows:

    • Grade 1 tumors . Tumor cells have uniform, round, 
small nuclei (<10  m m) comparable to the nuclei of 
lymphocytes. The chromatin is condensed, and 
the nucleoli are not visible (Fig.  7.1 ).   
   • Grade 2 tumors . Tumor cells have somewhat 
larger, round vesicular nuclei (15  m m), with 
 fi nely dispersed chromatin. The nucleoli are 
not present or are not clearly visible at low 
magni fi cation (Fig.  7.2 ).   
   • Grade 3 tumors  have still larger nuclei 
(>20  m m), which are round or oval and contain 
 fi nely dispersed chromatin. The nucleoli are 
easily seen at low magni fi cation (Fig.  7.3 ).   
   • Grade 4 tumors . Tumor cells have irregularly 
shaped hyperchromatic large nuclei (>20  m m) 
that vary in size and shape. The chromatin is 
irregularly distributed, and the nucleoli are 
large (“macronucleoli”) (Fig.  7.4 ).     
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  Fig. 7.1    Renal cell 
carcinoma. Fuhrman grade 1 
tumor has small condensed 
nuclei       

  Fig. 7.2    Renal cell 
carcinoma. Fuhrman grade 2 
tumor has small vesicular 
nuclei, which contain no 
obvious nucleoli       
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  Fig. 7.3    Renal cell 
carcinoma. Fuhrman grade 3 
tumor has enlarged vesicular 
nuclei, which contain 
obvious nucleoli       

  Fig. 7.4    Renal cell 
carcinoma. Fuhrman grade 4 
tumor. The nuclei of this 
tumor show pleomorphism 
and appear hyperchromatic       

 The details of the grading system are summarized 
in the Table  7.1 .  

    7.1.1   Comments 

     1.    Most RCC (>80 %) are classi fi ed as grade 2 or 
3; grade 1 and 4 tumors are uncommon account-
ing for only 5–10 % of all cases.  

    2.    Fuhrman grade has been shown to be an inde-
pendent prognostic factor for the patients who 
have clear cell renal cell carcinomas  [  4–  6  ] .  

    3.    Signi fi cant interobserver and intraobserver vari-
ability is a considerable drawback in using the 
Fuhrman grading system  [  1,   7  ] . This problem 
has prompted attempts to consolidate the four 
grade system into a more reproducible three- or 
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two-tiered system  [  8  ]  or to propose grading 
based on nucleolar prominence  [  9  ] . For the time 
being, Fuhrman grading system remains still the 
most widely used approach  [  10  ] .  

    4.    Renal cell carcinomas showing focally rhabdoid 
or sarcomatoid spindle-cell morphology grow 
aggressively and should be classi fi ed as high-
grade tumors with a poor prognosis  [  1,   11,   12  ] .       

    7.2   Papillary Renal Cell Carcinoma 

 Papillary renal cell carcinoma (PRCC) is the sec-
ond most common histologic type of renal cell car-
cinoma in the surgical pathology material. Overall, 
it might be even the most common renal tumors 
since they are found in 23 % of adult autopsies 
 [  12  ] . Papillary renal tumors smaller than 5 mm are 
by convention classi fi ed as papillary adenomas. 

 Overall, PRCC has a better prognosis than 
clear cell renal cell carcinoma, but the signi fi cance 
of various prognostic parameters remains to be 
determined  [  12,   13  ] . According to Delahunt and 
Eble, papillary carcinomas can be divided into 
two subtypes  [  14  ] .  Type 1  tumors consist of papil-
lae lines by a single layer of small cells with pale 
or basophilic cytoplasm and uniform small oval 
nuclei.  Type 2  tumors are composed of papillae 
covered by pseudostrati fi ed or multilayered epi-
thelium comprising large cells with eosinophilic 
cytoplasm and large irregularly shaped nuclei. 
Histologic typing of papillary renal cell carci-
noma has been found to have prognostic 
signi fi cance  [  14  ] , although these differences seem 
to disappear if applied to tumors which have 

spread beyond the con fi nes of the kidney or those 
that have metastasized  [  15  ] . 

 Grading of PRCC remains controversial. Some 
urologic pathologists feel that the Fuhrman sys-
tem provides the best approach to grading of 
PRCC  [  16  ] , whereas others think that Fuhrman 
system should not be used on PRCC  [  17  ] . 
Delahunt pointed out that neither nuclear size nor 
nuclear pleomorphism of PRCC correlates well 
with the clinical outcome of the malignant disease 
 [  1  ] . However, nucleolar prominence shows such 
correlation  [  17  ] . Accordingly, Delahunt and his 
associates recommend assessment of the nucleo-
lar prominence under high-power magni fi cation 
in areas of the tumor showing greatest pleomor-
phism and use it as the only reliable parameter for 
grading PRCC  [  1,   17  ] .  

    7.3   Chromophobe Renal Cell 
Carcinoma 

 The grading of chromophobe renal cell carcinomas 
(CRRC) is controversial, especially since these 
tumors have a tendency to show considerable 
nuclear pleomorphism  [  18,   19  ] . Most authorities 
are opposed to using Fuhrman grading system on 
CRRC  [  20  ] . Others are advocating a modi fi ed three-
tiered system  [  21  ] . Additional modi fi cations of the 
three-tiered system have also been tested  [  22  ] . 

 Cheville and his associates from Mayo Clinic 
reviewed a large number CRRC using the three-
tiered chromophobe RCC grade of Paner et al. 
 [  21  ]  and found that the grading did not add any 
prognostic information beyond what was already 

   Table 7.1    Grading of renal cell carcinomas according to Fuhrman   

 Grade  Nuclear size ( m m)  Nuclear shape  Chromatin pattern  Nucleoli 

 1  <10  Round, uniform  Condensed  Not evident 
 2  15  Round, uniform  Finely granular, 

dispersed 
 Rudimentary, not seen at low 
magni fi cation a  

 3  20  Round or oval, slightly 
variable 

 Coarsely granular  Clearly visible at low 
magni fi cation a  

 4  >20  Pleomorphic, 
multilobated 

 Hyperchromatic and 
clumped 

 Large (“macronucleoli”) 

   Source : Modi fi ed from Murphy et al. (2004) 
  a We prefer to use the 20× objective rather than the 10× objective recommended in the above-listed reference; that way, 
we can much easier distinguish nucleoli from coarse condensations of chromatin in grade 2 tumors  
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gained from the TNM stage grouping of tumors 
and the identi fi cation of sarcomatoid changes 
 [  23  ] . It thus appears that the grading of CRCC is 
not warranted. The presence of tumor necrosis 
and sarcomatoid change should be noted and 
quantitated, since these  fi ndings have prognostic 
signi fi cance  [  10  ] .  

    7.4   Collecting Duct Carcinoma 

 Collecting duct carcinoma is a rare, highly aggres-
sive malignant tumor accounting for less than 1 % of 
all renal malignancies. It is thought to originate from 
the principal cells of the collecting ducts of Bellini 
(Eble et al. 2004). Microscopically, the tumor is in 
essence an adenocarcinoma with tubular, tubulopap-
illary features, solid areas, and even sarcomatoid 
parts  [  24  ] . The tumor cells have high-grade nuclei, 
corresponding to Fuhrman grade 3 and 4 nuclei. 
Collecting duct carcinoma shows overlapping mor-
phologic features with medullary carcinoma, another 
rare high-grade renal tumor  [  24  ] .  

    7.5   Unclassi fi ed Renal Cell 
Carcinoma 

 Renal cell carcinomas that do not  fi t into any of 
the four well-known categories (clear cell, papil-
lary, chromophobe, or collecting duct carcinoma) 
are assigned to the category of unclassi fi ed renal 
cell carcinomas. In the 2004 classi fi cation of 
renal tumors, the experts of the WHO have 
de fi ned the following criteria for including renal 
tumors into this category: composites of recog-
nized renal tumor subtypes, pure sarcomatoid 
morphology without recognizable epithelial ele-
ments, mucin production, rare admixture of 
malignant epithelial and stromal elements, and 
unrecognized cell types (Eble et al. 2004). 

 Unclassi fi ed renal cell carcinomas are obvi-
ously a heterogenous group of tumors  [  25  ] . Most 
tumors are usually diagnosed at an advances 
stage and have bad prognosis  [  25  ] .Grading may 
contribute to the prognosis, but most tumors have 
high-grade nuclei  [  25  ] .Other factors that have 
prognostic signi fi cance are tumor size, TNM 

stage, tumor coagulative necrosis, microvascular 
invasion, and pure sarcomatoid phenotype.  

    7.6   Urothelial Carcinoma Involving 
the Renal Pelvis 

 Urothelial tumors originating in the renal pelvis 
account for approximately 5–7 % of all renal neo-
plasms  [  26,   27  ] . In contrast to urothelial tumors of 
the lower urinary tract, these tumors are mostly 
high grade, typically diagnosed in a high stage. 
Most tumors of the renal pelvis are classi fi ed as 
urothelial carcinomas, but up to 40 % of them 
show unusual morphologic features. These unusual 
morphologic aspects include the following:

   Micropapillary carcinoma  • 
  Lymphoepithelioma-like carcinoma  • 
  Sarcomatoid carcinoma  • 
  Squamous differentiation or overt squamous • 
carcinoma  
  Clear cell carcinoma  • 
  Adenocarcinoma  • 
  Rhabdoid carcinoma  • 
  Signet-ring carcinoma  • 
  Plasmacytoid carcinoma    • 
 Some tumors show pseudosarcomatous stromal 

changes, and some show intratubular extension 
into the renal parenchyma  [  26  ] . Urothelial car-
cinomas are graded the same way as those from 
the lower urinary tract. Most of the metaplastic 
and/or heterologous components have high-grade 
nuclei.  

    7.7   Rare Tumor Types 

 The clinical value of grading of rare renal tumors 
cannot be veri fi ed due to their uncommon occur-
rence and a lack of large series. Most of these 
tumors are thus by prevailing consensus classi fi ed 
as either high-grade or low-grade neoplasms: 

  Renal cell carcinoma associated with tran-
scription factor E3 expression and Xp11.2 trans-
location . This uncommon tumor is by de fi nition a 
high-grade neoplasm, characterized by a ten-
dency for metastatic spread, which carries a poor 
prognosis  [  28  ] . 
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  Thyroid-like follicular carcinoma of the kidney . 
This rare tumor is a low-grade malignancy, although 
there are reports that it may metastasize  [  29,   30  ] . 

  Mucinous tubular and spindle-cell carcinoma . 
This is a low-grade malignancy, and most tumors 
remain localized to the kidney  [  31,   32  ] . Occasionally, 
some tumors may contain obviously malignant 
spindle-cell areas, but some tumors have metasta-
sized even without evidence of such a sarcomatoid 
component  [  33  ] . 
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          8.1   Introduction 

 Nearly half of all bladder tumors are noninvasive 
(stage pTa) papillary neoplasms of urothelial ori-
gin. These tumors have been intensively investi-
gated for many decades, and a number of concepts 
regarding their biologic behavior and prognosis 
have been well established. Prognosis for these 
tumors is in fl uenced by tumor size, tumor multifo-
cality, recurrence status, coexistence of carcinoma 
in situ, and histologic tumor grade  [  1–  6  ] . The  fi rst 
four elements are straightforward. However, there 
has been a long-standing lack of agreement among 
pathologists concerning the ideal system for grad-
ing these tumors. A uniform grading system for 
bladder cancer will allow for valid comparison of 
treatment results among different centers. The 1973 
WHO classi fi cation is preferred by some authors 
because it allows comparison of results between 
different clinical centers. It is a robust, time-tested, 
and reasonably reproducible method for pathologic 
reporting of bladder tumors. The 1998 WHO/ISUP 
classi fi cation of bladder tumors, and its adoption in 

the 2004 WHO classi fi cation, has been the subject 
of considerable controversy  [  3,   7–  28  ] . In particular, 
there is poor interobserver agreement in the diag-
nostic categories of papillary urothelial neoplasm 
of low malignant potential (PUNLMP) and low-
grade urothelial carcinoma, two new categories in 
the 2004 WHO system  [  8,   9,   12,   29–  34  ] . Use of 
both the 1973 and 2004 WHO classi fi cations (for-
mer 1998 ISUP/WHO) has been recommended by 
some  [  3,   8,   11,   12,   35–  37  ] . We recently introduced 
a new four-tiered grading system, which expands 
previous grading systems to include an additional 
category of noninvasive papillary carcinomas with 
exceptionally abnormal cytologic characteristics 
(Fig.  8.1 , Table  8.1 )  [  38  ] . This new grading system 
has the combined strengths of both 1973 WHO 
and 2004 WHO grading system  [  38  ] .    

    8.2   Historical Perspective 

 In the 1973 WHO classi fi cation of urothelial 
tumors, papillary urothelial neoplasms were sepa-
rated into four categories: papilloma and carci-
noma grades 1–3  [  39  ] . Papillomas were de fi ned as 
exophytic tumors consisting of delicate  fi brovas-
cular cores covered by normal looking urothelium 
with intact umbrella cells and virtually lacking 
mitotic activity. Clinically, these tumors are typi-
cally solitary and less than 1.0 cm in diameter, 
occur in patients less than 50 years old, and have a 
negligible recurrence rate  [  40  ] . Regarding tumors 
diagnosed as carcinoma, histologic grading was 
based on the degree of cellular anaplasia, with 
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  Fig. 8.1    Comparisons of different grading systems. ( a ) The 
1973 WHO grade 1 carcinomas are reassigned, some to the 
papillary urothelial neoplasm of low malignant potential 
( PUNLMP ) category and some to the low-grade carcinoma 
category in the 2004 WHO classi fi cation. Similarly, 1973 
WHO grade 2 carcinomas are reassigned, some to the low-
grade carcinoma category and others to the high-grade car-
cinoma category. All 1973 WHO grade 3 tumors are 
assigned to the high-grade carcinoma category. In the cur-
rent proposal, PUNLMP has been reassigned as grade 1 car-
cinoma, 2004 low-grade urothelial carcinoma has been 

reassigned as grade 2 urothelial  carcinoma, and 2004 high-
grade urothelial carcinoma has been divided into grade 3 
and grade 4 urothelial carcinomas ( all high grade ). Grade 4 
urothelial carcinomas are more commonly associated with 
invasion. ( b ) Urothelial carcinomas encompass a continuous 
spectrum of diseases with various biologic behavior and 
morphologic manifestations. De fi ning exact cutoff for each 
disease category can be challenging.  WHO  World Health 
Organization,  ISUP  International Society of Urological 
Pathology,  PUNLMP  papillary urothelial neoplasm of low 
malignant potential (From Ref.  [  38  ] , with permission)       

   Table 8.1    Grading of urothelial carcinoma of the urinary bladder   

 1973 WHO  1998 WHO/ISUP  1999 WHO  2004 WHO  Current proposal 

 Papilloma  Papilloma  Papilloma  Papilloma  Papilloma 
 Grade 1  PUNLMP  PUNLMP  PUNLMP  Grade 1 (low grade) 
 Grade 2  Low grade  Grade 1  Low grade  Grade 2 (low grade) 

 Grade 2  Grade 3 (high grade) 
 Grade 3  High grade  Grade 3  High grade  Grade 4 (high grade) 

  Note: All the grading schemes have substantial inter- and intraobserver variabilities. There is no exact correlation 
between different grading systems. Some 1973 WHO grade 2 tumors are “low grade,” and some are classi fi ed as “high 
grade.” The 1998 WHO/ISUP system is the same as the 2004 WHO system 
 Abbreviations:  WHO  World Health Organization,  IUSP  International Society of Urological Pathology,  PUNLMP  papillary 
urothelial neoplasm of low malignant potential  
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grade 1 tumors having the least degree of anapla-
sia compatible with a diagnosis of malignancy, 
grade 3 tumors having the most severe degree of 
anaplasia, and grade 2 tumors having an interme-
diate degree of cellular anaplasia  [  39  ] . Anaplasia 
was further de fi ned in the 1973 WHO classi fi cation 
as increased cellularity, nuclear crowding, distur-
bances of cellular polarity, failure of differentia-
tion from the base to the surface, polymorphism, 
irregularity in the size of cells, variations of shape 
and chromatin pattern of the nuclei, displaced or 
abnormal mitotic  fi gures, and giant cells  [  39  ] . 

 A recurring criticism of the 1973 WHO grading 
system is that it did not de fi ne distinct cutoff points 
between the three tumor grades. At opposite ends 
of the spectrum of anaplasia, a pathologist may 
have little dif fi culty assigning a tumor as either 
grade 1 or grade 3 carcinoma. Distinguishing grade 
2 carcinoma from grade 1 carcinoma at one end of 
the spectrum and from grade 3 carcinoma at the 
opposite end of the spectrum is the most dif fi cult 
aspect of applying the 1973 WHO grading system, 
with the result that there is wide variation in the 
reported frequency of grade 2 carcinoma and with 
reported incidences ranging from 13–69 %  [  10  ] . 
This has raised concerns about lack of reproduc-
ibility in assigning tumor grades, and with this 
came concerns about the appropriateness of certain 
clinical management stratagems in a setting of 
uncertainty about proper tumor grade. Despite its 
apparent shortcomings, the 1973 WHO grading 
system has been in widespread use for more than 
three decades. It is accepted by uropathologists and 
uro-oncologists on a global scale. Enormous 
amounts of data have been accumulated using this 
system in studies of the morphologic properties, 
clinical behavior, treatment, and follow-up of 
urothelial tumors. The system has become well 
understood by clinicians, who are able to tailor 
patient management according to the reported 
grades. In the opinion of many, therefore, this grad-
ing system has never been “broken,” and conse-
quently there is no apparent need to “ fi x it”  [  9  ] . 

 Nevertheless, there existed a perceived need to 
develop a more universally acceptable classi fi cation 
system for bladder neoplasia that could be used 
effectively by pathologists, urologists, and oncolo-
gists. Consequently, following an initial meeting in 
1997 between pathologists, urologists, and basic 

scientists in Washington, D.C., at which it was 
agreed that an attempt would be made to create such 
a system, several members of the International 
Society of Urologic Pathologists (ISUP) in 1998 
proposed a new grading system, subsequently 
known as the 1998 WHO/ISUP system. A revised 
version of this system (the 1999 WHO/ISUP sys-
tem) met with limited acceptance. At a consensus 
conference in 2001, the majority opinion of the par-
ticipants was that the 1973 WHO grading system 
should remain the international standard for the 
classi fi cation and grading of urothelial papillary 
neoplasms  [  10  ] . In 2004, a classi fi cation system for 
noninvasive papillary urothelial neoplasms, identi-
cal to the 1998 WHO/ISUP classi fi cation system, 
was adopted in  Pathology and Genetics of Tumours 
of the Urinary System and Male Genital Organs , 
one of a series of WHO “Blue Books” for the 
classi fi cation of tumors. This new system separates 
noninvasive papillary urothelial neoplasms into four 
categories, designated papilloma, papillary urothe-
lial neoplasm of low malignant potential (PUNLMP), 
low-grade carcinoma, and high-grade carcinoma. 

 The authors of the new 2004 WHO classi fi ca-
tion system expressed hope and expectation that 
the new system would be widely accepted among 
all physicians affected by the system. A striking 
feature of the new system was the introduction of 
a newly designated category, PUNLMP, in order 
to circumvent use of the term carcinoma for 
tumors with a low probability of progression, but 
yet not entirely benign. It was emphasized in the 
introduction of this new system that it provides 
detailed histologic criteria for the diagnosis of 
papillary urothelial neoplasms, a feature that was 
expected to improve diagnostic reproducibility 
among pathologists. Additionally, it was antici-
pated that there would be reasonable consistency 
with the terminology used in urinary cytology, 
allowing easier cytohistologic correlation and 
improved patient management.  

    8.3   Histologic Grading According 
to the 1973 WHO Classi fi cation 

 Histologic grading is one of the most important 
prognostic factors in bladder cancer. The  fi rst widely 
accepted grading system for papillary urothelial 
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neoplasms was the WHO (1973) classi fi cation system, 
as already stated. The histologic criteria for the 
diagnostic categories in the 1973 WHO classi fi cation 
are described in the following sections. 

    8.3.1   Urothelial Papilloma 

 Urothelial papilloma is a benign exophytic neo-
plasm composed of a delicate  fi brovascular core 
covered by normal appearing urothelium  [  40  ] . The 
super fi cial cells are often prominent. Mitoses are 
absent or, if present, located in the basal cell layer. 
The stroma may show edema and in fl ammatory 
cells  [  40  ] . Papillomas are diploid with low prolif-
eration, uncommon p53 expression, and frequent 
FGFR3 (75 %) mutation. Cytokeratin (CK) 20 
expression is limited to the super fi cial (umbrella) 
cells as in normal urothelium. Papilloma accounts 
for less than 1 % of all bladder tumors and the 
male to female ratio is 1.9:1. Hematuria is com-
mon. Most papillomas are single and occur in 
younger patients (mean age, 46 years), close to the 
ureteric ori fi ces. Urothelial papillomas may recur 
but do not progress.  

    8.3.2   1973 WHO Grade 1 Urothelial 
Carcinoma 

 Grade 1 papillary urothelial carcinoma consists of 
an orderly arrangement of normal urothelial cells 
lining delicate papillae with minimal architectural 
abnormality and minimal nuclear atypia. Grade 1 
urothelial carcinoma appears to have a predilec-
tion for the ureteric ori fi ces. In one study, 69 % of 
grade 1 urothelial carcinomas were centered near a 
ureteric ori fi ce, but the remainder was seen in all 
other portions of the bladder. Patients with grade 1 
urothelial carcinoma are at increased risk of local 
recurrence, progression, and dying of bladder can-
cer. Signi fi cant morbidity and mortality are associ-
ated with grade 1 urothelial carcinoma of the 
bladder if patients are followed up for a suf fi cient 
interval  [  41–  54  ] . With 20 years of follow-up, 
Holmang et al.  [  43  ]  found that 14 % of patients 
with noninvasive grade 1 urothelial carcinoma 
(pTa G1) died of bladder cancer. In a recent review 

of 152 patients with stage Ta grade 1 urothelial 
carcinoma, Leblanc et al. found that 83 patients 
(55 %) had tumor recurrence, including 37 % with 
cancer progression  [  45  ] . Patients who remained 
tumor-free for 1 year still had a 43 % chance of 
late recurrence. In Greene’s study of 100 patients 
with grade 1 urothelial carcinoma, ten patients 
(10 %) died of bladder cancer after more than 
15 years; of 73 patients who had recurrences, 22 % 
were of higher grade than the original tumor  [  55  ] . 
The mean interval from diagnosis to development 
of invasive cancer was 8 years. Jordan et al. stud-
ied 91 patients with grade 1 papillary urothelial 
tumors and found that 40 % had recurrence. 
Twenty percent of patients with recurrences devel-
oped high-grade (grade 3) cancer, and four patients 
(4 %) died of bladder cancer  [  53  ] . Long-term fol-
low-up is recommended for patients with grade 1 
papillary urothelial carcinoma.  

    8.3.3   1973 WHO Grade 2 Urothelial 
Carcinoma 

 Grade 2 urothelial carcinoma represents a broad 
group of tumors encompassing a spectrum of cyto-
logic atypia and some variability in the relative 
proportion of cells with atypical features. Grade 2 
urothelial carcinomas retain some of the overall 
maturation of grade 1 carcinoma but also display 
at least focal moderate variation in polarity, nuclear 
appearance, and chromatin texture apparent at low 
magni fi cation. The prognosis for patients with 
grade 2 urothelial carcinoma is signi fi cantly worse 
than for those with lower-grade papillary cancer 
 [  10,   13,   56  ] . Recurrence risk for patients with non-
invasive grade 2 urothelial carcinoma is 45–67 % 
 [  10,   13,   56  ] . Invasion occurs in up to 20 %, and 
cancer-speci fi c death is expected in 13–20 % fol-
lowing surgical treatment. Patients with grade 2 
urothelial carcinoma and lamina propria invasion 
are at even greater risk, with recurrences in 
67–80 % of cases, the development of muscle 
invasive cancer in 21–49 %, and cancer-speci fi c 
death in 17–51 % of those treated surgically  [  10, 
  13,   56  ] . Some authors consider both nuclear pleo-
morphism and mitotic count as criteria for subdi-
viding grade 2 urothelial carcinoma (grades 2A 
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and 2B), and they have been successful in identi-
fying groups of cancers with different outcomes 
 [  25,   57–  60  ] . However, subclassi fi cation of grade 2 
urothelial carcinoma is not recommended due to 
signi fi cant interobserver variability.  

    8.3.4   1973 WHO Grade 3 Urothelial 
Carcinoma 

 Grade 3 urothelial carcinoma displays the most 
extreme nuclear abnormality of any papillary 
urothelial cancer, similar to changes observed in 
urothelial carcinoma in situ. Cellular anaplasia, 
characteristic of grade 3 urothelial carcinoma, is 
de fi ned as increased cellularity, nuclear crowding, 
random cellular polarity, absence of normal mucosal 
differentiation, nuclear pleomorphism, irregularity 
in cell size, variation in nuclear shape, capricious 
chromatin pattern, increased frequency of mitotic 
 fi gures, and occasional neoplastic giant cells  [  39  ] . 
Recurrence risk for patients with noninvasive grade 
3 urothelial carcinoma is 65–85 %, with invasion 
occurring in 20–52 %, and cancer-speci fi c death in 
up to 35 % following surgical treatment  [  56,   61  ] . Of 
surgically treated patients with grade 3 urothelial 
carcinoma and lamina propria invasion, 46–71 % 
develop recurrences, 24–48 % develop muscle inva-
sive cancer, and 25–71 % suffer cancer-speci fi c 
death, emphasizing a need for aggressive treatment 
of these patients  [  10,   11,   13  ] .   

    8.4   Histologic Grading According 
to the 1998 ISUP/2004 WHO 
Classi fi cation 

    8.4.1   Urothelial Papilloma 

 The diagnostic criteria and terminology are identical 
to those of the 1973 WHO classi fi cation  [  39,   62  ] .  

    8.4.2   Papillary Urothelial Neoplasm 
of Low Malignant Potential 

 PUNLMP is a low-grade urothelial tumor with a 
papillary architecture and a purported low incidence 

of recurrence and progression  [  7–  9,   11,   63–  65  ] . This 
lesion is histologically de fi ned by the WHO 2004 
classi fi cation system as a papillary urothelial tumor 
that resembles the exophytic urothelial papilloma, 
but with increased cellular proliferation exceeding 
the thickness of normal urothelium. All such tumors 
would be grade 1 urothelial carcinomas by the WHO 
1973 grading system. Clinically, these tumors show 
a male predominance (3:1) and occur at a mean age 
of 65 years  [  66  ] . They are most commonly identi fi ed 
during investigation of gross or microscopic hema-
turia. Cystoscopically, these lesions are typically 
1–2 cm in greatest dimension and located on the lat-
eral wall of the bladder or near the ureteric ori fi ces 
 [  66  ] . They have been described as having a “sea-
weed in the ocean” appearance. 

 PUNLMP has high recurrence but low progres-
sion incidence. Recurrence and progression rates 
were 18 % and 2 %, respectively, for PUNLMP in 
a recent study  [  67  ] . In another study, Samaratunga 
et al. found that PUNLMP and low-grade urothe-
lial carcinoma had progression rates of 8 % and 
13 %, respectively  [  68  ] . Similar recurrence and 
stage progression results were subsequently found 
in additional studies. The tumor recurrence rate 
after the diagnosis of PUNLMP was reported to be 
35 % in the study by Holmang et al.  [  69  ]  and 47 % 
in the study by Pich et al.  [  16  ] . Holmang et al. con-
cluded that PUNLMP and low-grade carcinoma 
have similar risks of progression when compared 
to high-grade carcinoma  [  69  ] . In a study of 53 
PUNLMP tumors with a mean follow-up period of 
11.7 years, Fujii et al. reported a recurrence rate of 
60 %, with 34 % progressing to low-grade carci-
noma and 8 % progressing to invasive carcinoma 
(stage T1)  [  20  ] . In a study of 322 patients with a 
mean follow-up period of 6.6 years, Oosterhuis 
et al.  [  17  ]  found no difference with regard to tumor 
recurrence or disease progression between patients 
with PUNLMP and patients with low-grade 
urothelial carcinoma. They concluded that there 
are insuf fi cient data to justify a different clinical 
approach or the introduction of a new pathologic 
category. Samaratunga et al.  [  68  ]  studied 134 
patients with noninvasive papillary urothelial 
tumors from Johns Hopkins Hospital and found 
that both the WHO 1973 and WHO (2004)/ISUP 
grading systems were predictive of patient outcome 



90 L. Cheng et al.

( P  = 0.003 and  P  = 0.002, respectively). However, 
their reported progression rate to invasive disease 
for patients with PUNLMP was the highest of any 
published study  [  8,   9  ] . With a median follow-up of 
56 months, the 1973 WHO grade 1 tumors were 
found to have a progression rate of 11 %, whereas 
the WHO (2004)/ISUP PUNLMP tumors were 
found to have a progression rate of 8 %  [  68  ] . Lee 
et al. found 42 % of PUNLMP had tumor recur-
rence and 29 % progressed to higher tumor grade 
 [  70  ] . These data indicate that patients with 
PUNLMP do not have a benign neoplasm but 
instead have signi fi cant risk of tumor recurrence 
and disease progression. Clinical studies to deter-
mine an optimal length and frequency of follow-
up in these patients would be especially important, 
given that the reported mean interval from initial 
diagnosis of PUNLMP to development of invasive 
carcinoma was 13 years  [  66  ] . Long-term clinical 
follow-up is recommended for these patients. 

 The greatest source of controversy with the 
WHO (2004)/ISUP classi fi cation system centers 
on the diagnosis of PUNLMP  [  5,   10,   13,   17,   30, 
  71  ] . Some authors consider PUNLMP to be an 
essentially benign tumor with a negligible progres-
sion rate. However, others feel that PUNLMP ter-
minology increases the complexity of histologic 
grading and does not accurately re fl ect biological 
potential. Since PUNLMP is a low-grade papillary 
urothelial tumor with a substantial incidence of 
recurrence and reported progression rates that are 
relatively low but nonetheless very comparable to 
those of low-grade urothelial carcinoma, some 
investigators have questioned the rationale of sep-
arating these tumors from neoplasms diagnosed 
previously as grade 1 urothelial carcinomas using 
the criteria of the WHO 1973 grading system.  

    8.4.3   2004 WHO Low-Grade Urothelial 
Carcinoma 

 A low-grade papillary urothelial carcinoma 
shows fronds with recognizable variation in 
architecture and cytology  [  11,   62  ] . The tumor 
consists of slender papillae with frequent branch-
ing and variation in nuclear polarity. The nuclei 
show enlargement and irregularity with vesicular 

chromatin, and nucleoli are often present. Mitotic 
 fi gures may occur at any level in low-grade papillary 
urothelial carcinoma. Such cases would have 
been considered as grade 1 or grade 2 carcinomas 
in the WHO 1973 classi fi cation scheme. Altered 
expression of CK20, CD44, p53, and p63 is fre-
quent. Some tumors are diploid, but aneuploidy 
is the rule. FGFR3 mutations are seen with about 
the same frequency as in PUNLMP  [  11,   12,   14, 
  62  ] . The male to female ratio is 2.9:1, and the 
mean age is 70 years (range, 28–90 years). Most 
patients present with hematuria and have a single 
tumor in the posterior or lateral bladder wall. 
However, 22 % of patients with low-grade papil-
lary urothelial carcinoma have two or more 
tumors. Tumor recurrence, stage progression, 
and tumor-related mortality are 50 %, 10 %, and 
4 %, respectively. In another series of 215 patients 
with low-grade noninvasive papillary urothelial 
carcinoma, 17 patients (8 %) had grade or stage 
progression and one patient (0.5 %) died of blad-
der cancer  [  72  ] . Grade and stage progression 
occurred in 18 % and 7 % of patients, respec-
tively, in another study  [  73  ] . Pellucchi and col-
leagues were able to further stratify 2004 WHO 
low-grade urothelial carcinomas into two sepa-
rate risk groups using the 1973 WHO grading 
scheme  [  74  ] . According to the 1973 WHO grad-
ing system, 87 low-grade (2004 WHO) tumors 
(32 %) were classi fi ed as 1973 WHO grade 1 
tumors, and 183 low-grade (2004 WHO) tumors 
(68 %) were classi fi ed as 1973 WHO grade 2 
tumors among 270 consecutive patients with a 
 fi rst episode of low-grade pTa bladder cancer at 
transurethral resection of the bladder between 
2004 and 2008. Five-year recurrence-free sur-
vival rate was 49 % for the low-grade population 
and 62 % and 40 % for the 1973 WHO grade 1 
and grade 2 groups, respectively  [  74  ] .  

    8.4.4   2004 WHO High-Grade 
Urothelial Carcinoma 

 In high-grade papillary urothelial carcinoma, the 
cells lining the papillary fronds show obviously 
disordered arrangement with cytologic atypia. 
All tumors classi fi ed as grade 3 in the 1973 WHO 
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schema, as well as some tumors assigned grade 2 
in that classi fi cation, would be considered high-
grade carcinoma in the 2004 WHO classi fi cation. 
The papillae are frequently fused. Both architec-
tural and cytologic abnormalities are recogniz-
able at scanning power  [  11  ] . The nuclei are 
pleomorphic with prominent nucleoli and altered 
polarity. Mitotic  fi gures are frequent. The thick-
ness of the urothelium varies considerably. 
Carcinoma in situ is frequently evident in the 
adjacent mucosa. Changes in CK20, p53, and 
p63 expression, as well as aneuploidy, are more 
frequent than in low-grade neoplasms. Molecular 
alterations in these tumors include overexpres-
sion of p53, HER2, or EGFR, and loss of p21Waf1 
or p27kip1 as seen with invasive cancers. 
Genetically, high-grade noninvasive neoplasms 
(pTa G3) resemble invasive carcinomas  [  11,   62  ] . 
A comparative genomic hybridization study 
showed deletions at 2q, 5q, 10q, and 18q as well 
as gains at 5p and 20q  [  75  ] . Hematuria is com-
mon and the endoscopic appearance varies from 
papillary to nodular or solid. There may be single 
or multiple tumors. Stage progression and death 
due to disease are observed in as many as 65 % of 
patients  [  8,   11,   62  ] . In a recent analysis of 85 
patients with Ta high-grade urothelial carcinoma, 
recurrence and tumor progression rates were 
37 % and 40 %, respectively  [  76  ] . 

    8.4.4.1   Comments 
      Interobserver Variability and Reproducibility 
 All grading systems are hampered by varying 
degrees of subjectivity that affect interobserver 
reproducibility. Published reports of the reproduc-
ibility of grading systems are often derived from the 
efforts of small groups of pathologists, who have 
previously worked or trained together; consequently, 
interobserver variation between pathologists unfa-
miliar with one another may be even greater than 
between such small groups. An important goal of 
the 2004 WHO classi fi cation was to provide detailed 
explanations of the histologic criteria for each diag-
nostic category and thereby improve reproducibility 
between different pathologists. 
  Despite provision of detailed histologic 
criteria for the diagnostic categories in the 2004 
WHO system, improvement in intraobserver and 

 interobserver variability as compared to the 1973 
WHO system has not been documented  [  30–  34  ] . 
In fact, Mikuz demonstrated that interobserver 
agreement was higher using the 1973 WHO 
classi fi cation than when using either the 2004 
WHO or 1999 WHO/ISUP systems  [  23  ] . In a 
study by Yorokoglu and colleagues  [  27  ] , the 
intraobserver and interobserver reproducibility of 
both the 2004 WHO and the 1973 WHO systems 
were evaluated by assigning six urologic patholo-
gists to the task of independently reviewing 30 
slides of noninvasive papillary urothelial tumors 
in a study set. They found no statistical difference 
between the reproducibility achieved with either 
system; the new system failed to improve repro-
ducibility  [  27  ] . There was agreement for 
PUNLMP in only 48 % of cases and reproduc-
ibility was lower for low-grade tumors in both the 
2004 WHO and the 1973 WHO systems  [  27  ] . 
Murphy et al. recorded a 50 % discrepancy rate 
among pathologists attempting to distinguish 
between PUNLMP and low-grade papillary 
urothelial carcinoma after a period of structured 
pathologist education  [  29  ] . In several studies, 
several pathologists have refused to make a diag-
nosis of PUNLMP  [  32,   34  ] . 

 In fairness, reproducibility in the 1973 WHO 
classi fi cation of urothelial tumors is also prob-
lematic. A frequent criticism of this classi fi cation 
scheme is that the morphologic criteria proposed 
for grading these neoplasms are vague and ill 
de fi ned, particularly those used in separating the 
three grades of carcinoma. No distinct cutoff 
points between the three tumor grades were 
de fi ned in the 1973 WHO classi fi cation system, 
resulting in lack of agreement among patholo-
gists concerning the proper assignment of grade 
in noninvasive urothelial tumors. At opposite 
ends of the spectrum of anaplasia, a pathologist 
may have little dif fi culty assigning a tumor as 
either grade 1 or grade 3 carcinoma. Distinguishing 
grade 2 carcinoma from grade 1 carcinoma at one 
end of the spectrum and from grade 3 carcinoma 
at the opposite end is the most dif fi cult aspect of 
applying the 1973 WHO grading system, result-
ing in a wide variation in the reported frequency 
of grade 2 carcinoma, with reported incidences 
ranging from 13–69 %. This is often mentioned 
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as a major shortcoming of the WHO 1973 grad-
ing system, one that justi fi es the creation of a new 
improved grading system  [  10  ] . It is ironic, how-
ever, in several separate publications in which 
noninvasive papillary urothelial tumors were 
graded according to the WHO/ISUP system, the 
incidence of PUNLMP varied from 6–62 %, that 
of low-grade carcinoma varied from 27–77 %, 
and the incidence of high-grade carcinoma varied 
from 15–74 %  [  16,   17,   28,   63,   67–  69,   72,   77–  84  ] . 
In a recent analysis of 270 consecutive patients 
with a diagnosis of low-grade noninvasive papil-
lary urothelial carcinoma between 2004 and 
2008, only 20 patients were diagnosed with 
PUNLMP during the same study period  [  74  ] . 
Both the 1973 and the 2004 WHO grading sys-
tems are hampered by the fact that there is con-
siderable heterogeneity within papillary urothelial 
neoplasms, making the assignment of a single 
grade to a tumor problematic in many instances 
 [  25,   85  ] . Regardless of the terminology or 
classi fi cation systems used, noninvasive papillary 
urothelial carcinoma should be considered as a 
disease with a wide spectrum of biological and 
morphological manifestations. Given the high 
interobserver variability and signi fi cant overlap 
between PUNLMP and low-grade urothelial car-
cinoma, it may not be justi fi able to create a sepa-
rate disease category (“PUNLMP”) with an 
appellation that implies that the entity described 
has striking biological difference from low-grade 
noninvasive papillary urothelial carcinoma and 
therefore can be managed differently than might 
be expected if an unequivocal diagnosis of carci-
noma (low-grade noninvasive papillary urothelial 
carcinoma) were rendered.     

    8.5   Histologic Grading 
of Urothelial Carcinoma: 
Current Proposal 

 The histopathologic grade of urothelial tumors is 
one of the best predictors of biological behavior. 
The criteria for pathologic grading of noninvasive 
papillary urothelial neoplasms have been a source 
of controversy for many decades  [  86  ] . Numerous 
classi fi cation schemes have been proposed, but 

the most widely accepted and used is the 1973 
WHO classi fi cation  [  39  ] . The major criticism of 
this classi fi cation scheme is vague and poorly 
de fi ned morphologic criteria for grading these 
neoplasms. Because no clearly de fi ned cutoff 
points between the different grades were de fi ned 
in the WHO 1973 classi fi cation system, there is 
considerable debate among pathologists concern-
ing the proper assignment of grade in noninvasive 
urothelial tumors, especially those falling into the 
grade 1 and grade 2 categories. This has resulted 
in a lumping of cases into the grade 2 category 
with a wide range of reported incidences for 
grade 2 carcinomas, ranging from 13–69 %  [  10  ] . 
There is inevitably a degree of heterogeneity 
within the grades when comparing studies using 
the WHO 1973 classi fi cation. 

 In 1998, the WHO and the ISUP proposed a 
new consensus classi fi cation system intended to 
provide better morphologic criteria for grading, to 
achieve better standardization, and to avoid using 
the term “carcinoma” for tumors with a very low 
probability of progressing or recurring  [  87  ] . The 
diagnostic category of PUNLMP was created to 
achieve these goals. In 1999, within a 12-month 
period from publication of the WHO/ISUP 1998 
system, the WHO again changed their preferred 
classi fi cation system (WHO 1999) to closely mir-
ror the three-tiered WHO 1973 grading system 
preserving PUNLMP as the lowest risk category 
 [  88  ] . Considering the above discussion on the bio-
logic behavior and the molecular characteristics 
of PUNLMP, it seems evident that PUNLMP is an 
indolent variety of what we generally regard as 
“carcinoma.” A diagnosis of PUNLMP implies a 
real and signi fi cant potential for an adverse clini-
cal outcome that does not differ greatly from that 
of 2004 WHO low-grade noninvasive urothelial 
carcinomas. In a series of 504 patients with nonin-
vasive urothelial tumors, several studies found no 
clear advantage of the 2004 WHO grading system 
over the 1973 WHO grading system  [  28,   89  ] . 
With a mean follow-up of 7.2 years (range, 
3–11 years), 5-year survival for PUNLMP (94 %) 
was essentially identical to that of low-grade 
urothelial carcinoma (93 %)  [  28  ] . 

 A great deal of the confusion and controversy 
regarding the proper histologic grading of bladder 
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tumors stems from the fact that the term “carci-
noma” is routinely used to describe noninvasive 
neoplasms in this organ. Nonetheless, the term 
“carcinoma” or “adenocarcinoma” has also been 
used to describe tumors without evidence of inva-
sion in other organ systems (e.g., uterus) as well. 
Another criticism of the WHO 1973 classi fi cation 
of urothelial tumors is that very low-grade nonin-
vasive tumors with a low probability of progress-
ing are labeled as “carcinomas,” consequently, 
subjecting patients with these tumors to psychoso-
cial stigma as well as  fi nancial and insurance con-
sequences that follow a diagnosis of cancer. 
Indeed, the creation of the diagnostic category of 
PUNLMP was designed, in part, to free patients 
with this diagnosis from these burdens. However, 
as detailed above, PUNLMP has a reported recur-
rence rate up to 60 % and a progression rate up to 
8 %  [  17–  20,   68  ] . Thus, a diagnosis of PUNLMP 
carries with it a real and signi fi cant potential for an 
adverse clinical outcome similar to that of low-
grade noninvasive urothelial carcinomas, as 
de fi ned by the WHO (2004)/ISUP classi fi cation 
system. Claims that PUNLMP is benign should be 
viewed within the context of length of follow-up. 
Speculations about the psychosocial burdens of a 
carcinoma diagnosis are unproven. On the other 
hand, some noninvasive papillary urothelial carci-
nomas (both low grade and high grade) may never 
recur or progress after removal. Why then do these 
tumors warrant a designation as “carcinoma” in 
the WHO (2004)/ISUP classi fi cation when many 
behave as an indolent tumor? A greater under-
standing of urothelial tumor genetics and of clini-
cal diagnostic applications may eventually discern 
which genetic derangements are responsible for 
aggressive biological behavior  [  6  ] . This molecular 
prognostic detail would allow pathologists to sort 
out which noninvasive tumors should be called 
“carcinoma.” However, until that time, it seems 
prudent to treat PUNLMP as a low-grade noninva-
sive carcinoma and follow these patients closely. 
In the study by Samaratunga et al., a statistically 
signi fi cant difference in progression rates was seen 
for PUNLMP (8 %) and low-grade noninvasive 
urothelial carcinoma (13 %). However, based on 
high reported rates of interobserver variability 
when diagnosing PUNLMP, it may not be necessary 

or clinically justi fi ed to create a distinct diagnostic 
category for these low-grade urothelial tumors. 
Accumulated data suggest that PUNLMP should 
be treated in a manner similar to low-grade nonin-
vasive carcinoma. In the current proposal, nonin-
vasive papillary urothelial tumors are separated 
into  fi ve categories: papilloma, grade 1 urothelial 
carcinoma (low grade), grade 2 urothelial carci-
noma (low grade), grade 3 urothelial carcinoma 
(high grade), and grade 4 urothelial carcinoma 
(high grade) (Tables  8.1 ,  8.2 , and  8.3 ; Fig.  8.1 ). 
PUNLMP is classi fi ed as “grade 1 urothelial carci-
noma (low grade)”  [  38  ] .   

    8.5.1   Urothelial Papilloma 

 The diagnostic criteria and terminology are iden-
tical to those de fi ned in the 1973 and 2004 WHO 
classi fi cation  [  39,   62  ] .  

    8.5.2   Grade 1 Urothelial Carcinoma 
(Low Grade) 

 The diagnostic criteria are identical to those 
de fi ned in the 1998 WHO/ISUP and 2004 WHO 
classi fi cation for PUNLMP. We propose to change 
the terminology of PUNLMP to “grade 1 urothe-
lial carcinoma (low grade).” In these tumors, cyto-
logic atypia is minimal or absent and architectural 
abnormalities are slight with preserved polarity. 
Mitotic  fi gures are infrequent and usually limited 
to the basal layer. Grade 1 tumor should be distin-
guished from urothelial papilloma, which is a 
benign lesion without invasive potential or risk of 
progression. The key difference between papil-
loma and grade 1 urothelial carcinoma (low grade) 
is the number of epithelial layers covering the 
papillae (Fig.  8.2a , Tables  8.2  and  8.3 )  [  66  ] .   

    8.5.3   Grade 2 Urothelial Carcinoma 
(Low Grade) 

 The diagnostic criteria are identical to those 
de fi ned in the 1998 WHO/ISUP and 2004 WHO 
classi fi cation for low-grade urothelial carcinomas. 
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These tumors are characterized by an overall 
orderly appearance but with areas of variation in 
architectural and cytologic features recognizable 
at scanning power (Table  8.2 , Fig.  8.2b ). They are 
differentiated from grade 1 urothelial carcinoma 
(low grade) by the presence of easily recognizable 
cytologic atypia including variation of polarity 
and nuclear size, shape, and chromatin texture. 
Mitotic  fi gures are infrequent and may be seen at 
any level of the urothelium.  

    8.5.4   Grade 3 Urothelial Carcinoma 
(High Grade) 

 We feel that the spectrum of high-grade urothe-
lial carcinomas under the 2004 WHO classi fi cation 
scheme is quite broad, and there is a need to sepa-
rate these tumors for further investigation. Grade 
3 urothelial carcinomas (high grade) display an 
intermediate degree of architectural and cytologic 
abnormality between grade 2 urothelial carcino-
mas (low grade) and grade 4 urothelial carcino-
mas (high grade) (Fig.  8.2c ). Architectural 
disorder in these tumors is obvious, with branching 
and bridging of papillary projections. Neverthe-
less, a certain degree of polarity and nuclear uni-
formity are still discernible. Severe anaplasia is 

not seen in these tumors. All grade 3 urothelial 
carcinomas would be classi fi ed as high-grade 
urothelial carcinoma using the 2004 WHO 
classi fi cation scheme.  

    8.5.5   Grade 4 Urothelial Carcinoma 
(High Grade) 

 Cases with severe nuclear anaplasia are consid-
ered grade 4 urothelial carcinoma in the current 
proposal. These tumors present an overall impres-
sion of complete architectural disorder with 
absence of polarity, loss of super fi cial umbrella 
cells, and marked variation of all nuclear param-
eters (Fig.  8.2d , Table  8.2 ). Numerous irregularly 
distributed mitotic  fi gures are frequently noted. 
Severe cytologic atypia is usually uniformly pres-
ent in all  fi elds or all histologic sections exam-
ined. Unlike grade 1 or grade 2 urothelial 
carcinoma (low grade), these tumors often have 
fewer than seven layers in thickness. There is 
remarkable cellular discohesiveness. These cases 
are typically associated with stromal invasion 
and advanced-stage bladder cancer. 

 Unusually aggressive variants of urothelial carci-
noma, including nested variant, micropapillary vari-
ant, plasmacytoid variant, sarcomatoid carcinoma, 

   Table 8.3    Differential diagnosis of urothelial papilloma and grade 1 (low-grade) urothelial carcinoma   

 Urothelial papilloma  Grade 1 (low-grade) urothelial carcinoma 

 Age  Younger  Older 
 Sex (male:female)  2:1  3:1 
 Size  Small, usually <2 cm  Typically larger than papilloma 
 Microscopic  fi ndings 
  Well-formed papillae  Present  Present, rarely fused 
  Thickness of urothelium   £ 7 layers  >7 layers 

  Super fi cial umbrella cells  Present  Usually present 
  Cytology  Minimal or absent  Mild 
   Nuclear enlargement  Rare or none  None or slightly enlarged 
   Nuclear hyperchromasia  Rare or none  Slight or minimal 
   Chromatin  Fine  Fine, slightly granular 
   Nucleolar enlargement  Absent  Absent or inconspicuous 
   Nuclear pleomorphism  Absent  Absent 
  Mitotic  fi gures  None  Rare or basal location 
  Stromal invasion  Absent  Rare 

  Note: Grade 1 (low-grade) urothelial carcinoma in the newly proposed grading system corresponds to those previously 
classi fi ed “papillary urothelial neoplasm of low malignant potential” ( PUNLMP ) in the 2004 WHO/ISUP classi fi cation 
system  



96 L. Cheng et al.

small-cell carcinoma, large-cell un differentiated 
carcinoma, and pleomorphic giant cell carcinoma, 
should also be graded as grade 4 tumor in the current 
grading scheme. 

    8.5.5.1   Comment 
 The clinical behaviors of noninvasive papillary 
urothelial carcinoma are directly related to the 
degree of architectural, cytological, and molecu-
lar alterations of the neoplastic cells con fi ned 
within the urothelium. The WHO (2004)/ISUP 
classi fi cation is a positive  fi rst step toward the 
standardization of urothelial tumor grading. 
Introduction of the PUNLMP category has been 

the most contentious aspect of the WHO (2004)/
ISUP classi fi cation of papillary bladder tumors. 
Studies have shown that this terminology may not 
re fl ect its true biological behavior and that inter-
observer variability in making this diagnosis is 
very high, despite detailed histologic criteria. 
Additionally, urine cytology in the context of the 
WHO (2004)/ISUP classi fi cation does not appear 
to effectively discriminate PUNLMP from low-
grade carcinoma. For practical purposes, patients 
with PUNLMP should be managed according to 
the guidelines for management of patients with 
low-grade noninvasive urothelial carcinoma. 
Many issues have been raised regarding the use of 

Grade 1 (low grade)a

c d

b Grade 2 (low grade)

Grade 3 (high grade) Grade 4 (high grade)

  Fig. 8.2    Histologic grading of urothelial carcinoma, new 
proposal. ( a ) Grade 1 urothelial carcinoma ( low grade ), 
previously “papillary urothelial neoplasm of low  malignant 
potential” ( PUNLMP ) (H&E stain, original magni fi cation 
200×). ( b ) Grade 2 urothelial carcinoma ( low grade ), pre-
viously low-grade urothelial carcinoma (2004 WHO 
classi fi cation) (H&E stain, original magni fi cation 200×). 

( c ) Grade 3 urothelial carcinoma ( high grade ), previously 
high-grade urothelial carcinoma (2004 WHO classi fi -
cation) (H&E stain, original magni fi cation 200×). 
( d ) Grade 4 urothelial carcinoma ( high grade ), previously 
high-grade urothelial carcinoma (2004 WHO classi fi cation) 
(H&E stain, original magni fi cation 200×) (From Ref. 
 [  38  ] , with permission)       
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either the 1973 WHO or the 2004 WHO grading 
system. We propose a four-tier grading system 
(grades 1–4) to replace existing grading systems. 
We believe that this proposed grading system 
incorporates the strengths of both the 1973 and 
the 2004 grading system. The use of both numeri-
cal (grades 1–4) and categorical schemes (low 
grade versus high grade) in a single grading sys-
tem will allow better strati fi cation for research 
purposes and facilitate clinical decision making.        
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  9

          9.1   Introduction 

 Carcinoma of the prostate (PCa) is the most com-
mon non-cutaneous malignancy in males. Needle 
biopsy, via transrectal or transperineal approach, is 
performed to establish the diagnosis of PCa. Grading 
of PCa has major clinical implications for planning 
the treatment and formulating the prognosis  [  1,   2  ] . 

 The most widely used and best clinically 
tested system is the one developed by Dr. Donald 
Gleason  [  3,   4  ] . The system is relatively simple 
and reasonably reproducible. Although there is 
considerable interobserver variability, especially 
in needle biopsy specimens, the Gleason score is 
the most important prognostic factor in predict-
ing  fi ndings in radical prostatectomy, biochemi-
cal failure, and local and distant metastasis in 
patients after therapy. It is also an integral part of 
multifactorial prognosis prediction models.  

    9.2   The Original Gleason Grading 
System 

 The Gleason grading system is based purely on 
the architectural pattern of PCa (Fig.  9.1a ), using 
a scale from 1 to 5  [  3,   4  ] , which represents 

increasing deviation from the morphology of 
normal prostate glands. The tumor is examined to 
determine the most and second most predominant 
patterns, which are designated as the  primary and 
secondary grade s. An innovative feature of this 
system is that the primary and secondary grades 
are added up and reported as the Gleason score.   

    9.3   2005 International Society 
of Urological Pathology (ISUP) 
Modi fi ed Gleason Grading 
System 

 Since the inception of Gleason grading system 
some 40 years ago, the Gleason grading sys-
tem has remained as one of the most powerful 
prognostic indicators in PCa. One of the main 
reasons is that it has remained timely by contin-
uous adaptation to changes in the diagnosis and 
clinical management of prostate cancer  [  5,   6  ] . 
However, some aspects of the original grading 
system are interpreted differently in contem-
porary pathology practice. With such changes 
have come variations in applying the Gleason 
grading system among practicing patholo-
gists. Therefore, the International Society of 
Urological Pathology (ISUP) convened a con-
ference in 2005 in an attempt to achieve consen-
sus in controversial areas in Gleason grading of 
PCa  [  7  ] . It is important to stress that the changes 
put forth by 2005 ISUP modi fi ed Gleason grad-
ing system were not “invented” de novo, rather 
they have already been implemented in practice 
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by many pathologists, and the consensus simply 
codi fi ed these changes. 

 The original and 2005 ISUP modi fi ed Gleason 
grading systems are summarized in Fig.  9.1  and 
Table  9.1 . The highlights of the latter are outlined 
below in the comments.   

    9.3.1   Comments Regarding Gleason 
Grading System 

     1.    2005 ISUP modi fi ed Gleason grading system 
re fi ned the criteria for grade 3. Only discrete, 
well-formed cancer glands are considered to 
be grade 3. Poorly formed glands and single 
cells are not allowed in grade 3. As the result, 
the grade 3 scope is narrowed and the grade 4 
scope is expanded.  

    2.    A Gleason score of 1 + 1 = 2 should not be ren-
dered, regardless of the specimen type, with 
only rare exceptions.  

    3.    Gleason scores 2–4 in needle biopsies should 
rarely be rendered in needle biopsies, if ever. 
Practically, Gleason score in needle biopsy 
starts from 3 + 3 = 6.  

    4.    Most cribriform patterns are diagnosed as 
grade 4. A recent study found that all cribri-
form cancer glands should be diagnosed as 
grade 4  [  8  ] .  

    5.    PCa has several histological patterns, includ-
ing pseudohyperplastic carcinoma, foamy 
gland carcinoma, and cancer with cytoplasmic 
vacuoles and glomeruloid architecture. In addi-
tion, several histological variants are described. 
Their histological features and corresponding 
Gleason grading are shown in Table  9.2 .       

  Fig. 9.1    Original    ( a ) and 2005 International Society of 
Urological Pathology (ISUP) modi fi ed ( b ) Gleason grad-
ing system. Both grading schemes include  fi ve architec-
tural patterns that represent an increasing deviation from 
the normal prostate glandular architecture. The de fi nition 

of patterns 1, 2, and 5 is essentially the same between 
these two systems. However, cancer glands of pattern 3 in 
the modi fi ed system are discrete and well differentiated. 
Cribriform glands and single cells are not allowed in the 
modi fi ed system       
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  Fig. 9.2    2005  International Society of Urological 
Pathology  (ISUP) modi fi ed Gleason grading system. ( a ) 
Pattern 1: The tumor is composed of uniform round glands 
closely packed into nodule that has well-de fi ned margins 
and pushing borders. The tumor and stroma interface is 
smooth. The glands are medium sized and uniform. In 
between the glands, a distinct stroma is recognizable. This 
pattern is very rare and should not be diagnosed in needle 
biopsies. ( b ) Pattern 2: The tumor comprises round glands 
that show more variation in size and shape and are less 
evenly spaced than in Gleason pattern 1 tumors. The tumor 
nodules do not have round contours and appear incom-
pletely circumscribed. The stroma is more abundant. This 

pattern should not, or rarely, be rendered in prostate biopsy. 
( c ) Pattern 3: The tumor is composed of neoplastic glands 
of variable sizes, shape, and spacing in fi ltrating between 
benign glands. The acini are discrete and separated from 
each other by strands of  fi brous stroma. The glands are well 
formed, with easily discernible lumens. ( d – g ) Pattern 4: 
Cancer glands may present in several architectural forms, 
including ill-de fi ned glands with poorly formed glandular 
lumina ( d ), fused glands ( e ), cribriform glands ( f ), and 
hypernephromatoid pattern ( g ). ( h – j ) Pattern 5: Cancer 
glands essentially exhibit no glandular differentiation, with 
solid sheets ( h ), cords or single cells ( i ), and comedonecro-
sis in any architectural pattern ( j )         

a b

c d

e f
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    9.3.2   Speci fi c Issues Regarding 
Prostate Needle Biopsies 

     1.    In needle biopsy, high-grade tumor (grade 4 
and 5) of any quantity should be included and 
reported in the  fi nal Gleason score. For exam-
ple, if a PCa contains 98 % grade 3 component 
and 2 % grade 5 component in needle biopsy, 
the Gleason score should be 3 + 5 = 8.  

    2.    Secondary patterns of lower-grade cancer, 
when present to a limited extent (<5 %) in the 
setting of a high-grade cancer, should be 
ignored and not reported.  

    3.    If a biopsy contains multiple patterns with 3, 
4, and 5 in various proportions and pattern 5 
being the least (tertiary pattern), the  fi nal grade 

should include pattern 5 as the secondary 
pattern.  

    4.    For biopsies with different cores showing dif-
ferent grades, each core should be assigned an 
individual grade if they are submitted in sepa-
rate containers or their anatomic site is 
speci fi ed by urologists (by different inking) 
even when they are submitted in the same con-
tainer. An overall or global Gleason score may 
be provided. When multiple cores are put in a 
container without site speci fi cation and more 
than one core contain PCa, some pathologists 
grade each core separately, while others would 
only provide an overall Gleason score. If, 
however, the cores are fragmented, an overall 
score should be given.      

g h

i j

Fig. 9.2 (continued)
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    9.3.3   Speci fi c Issues Regarding 
Radical Prostatectomy 
Specimens 

     1.    Tertiary pattern. Gleason score should be obtained 
by adding the primary and secondary grades 
together. However, a tertiary pattern higher than 
the primary and secondary grades should be included 
in the  fi nal Gleason score as the secondary grade 
when it is >5 % of the tumor. It can be reported as 
tertiary pattern if it is <5 % of the tumor.  

    2.    Radical prostatectomy with separate tumor 
nodules. Not uncommonly, a radical prostate-
ctomy specimen contains several tumor nod-
ules of signi fi cant sizes. 
 Gleason scores should be rendered to each 

tumor nodule if they are of different grades. Most 
often, the dominant nodule is the largest tumor 
and is associated with the highest stage and high-
est grade. Rarely, a nondominant nodule (i.e., 
smaller nodule) has a higher stage; one should 
also assign a grade to that nodule.     

   Table 9.2    Gleason grading of histological variants and patterns of prostate carcinoma   

 Histology  Histological feature  Gleason grading 

 Histological patterns 
 Glomeruloid body  Balls of tufts of cancer cells within glands  3 or 4, recent data suggest grade 4 
 Collagenous 
micronodule 

 Acellular or hypocellular hyalinized 
stroma within or outside cancer glands 

 Based on the underlying glandular architecture 

 Foamy gland  Cancer cells with abundant foamy 
cytoplasm 

 Based on the underlying glandular architecture 

 Pseudohyperplastic  Many closely packed glands of varying 
size with complex and undulating 
architecture and frequent papillary 
infolding 

 Grade 3 

 Atrophic  Cancer cells with reduced cytoplasm  Grade 3 
 Intracytoplasmic 
vacuoles 

 Clear vacuoles within the cytoplasm of 
cancer cells 

 Based on the underlying glandular architecture 

 Histological variants 
 Ductal carcinoma  Papillary, cribriform, or solid growth 

pattern with glands lined with strati fi ed 
columnar-shaped nuclei 

 Grade 4; grade 5 if solid and comedonecrosis is 
present 

 High-grade PIN-like  Large crowded cancer glands with 
irregular contour, resembling high-grade 
PIN 

 Grade 3 

 Mucinous  Caner glands with abundant extravasated 
mucin, accounting for >25 % of tumor 
volume 

 Based on the glandular architecture 

 Neuroendocrine 
differentiation 

 Paneth-like cells or cells positive for 
neuroendocrine markers 

 Paneth-like cells or cells positive for neuroen-
docrine markers are not considered to have 
prognostic signi fi cance, therefore do not change 
the Gleason grade 

 Small-cell carcinoma  Small-cell carcinoma not graded 
 Signet-ring cell 
carcinoma 

 Single cells with cytoplasmic vacuoles  Grade 5 

 Pleomorphic giant 
cell 

 Pleomorphic and giant cancer cells, 
usually with known history of PCa with 
treatment; positive for prostate markers 

 Grade 4 or 5, not graded if after treatment 

 Sarcomatoid  Malignant spindle cells or speci fi c soft 
tissue differentiation 

 Not graded 

 Adenosquamous and 
squamous carcinoma 

 Malignant squamous component with or 
without glandular component 

 Not graded 
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  10

          10.1   Introduction 

  Tumors of the female genital organs are often biop-
sied or surgically resected and thus form a signi fi cant 
part of surgical pathology material in most institu-
tions. Invasive tumors and premalignant or borderline 
lesions are routinely graded, and in many instances, 
the grade assigned by the pathologist is an important 
determinant of future treatment of these conditions . 
The parts of the female genital organs that are covered 
with squamous epithelium, namely, the vulva, vagina, 
and the cervix uteri, give rise to squamous cell carci-
nomas. Squamous cell carcinomas and their precur-
sors of the female genital organs are graded like the 
homonymous lesions in other anatomic sites. The 
mucosa of the endocervix, endometrium, fallopian 
tubes, and probably the surface epithelium (mesothe-
lium) of the ovary give rise to adenocarcinomas. 
These tumors are graded more or less the same way as 
adenocarcinomas in other anatomic locations. Some 
ovarian tumors that are unique to that organ are graded 
according to generally accepted schemes.  

    10.2   Vulvar Squamous 
Intraepithelial Neoplasia 

 Keratinizing squamous cell carcinoma of the 
vulva is preceded by intraepithelial changes  [  1  ] . 
These changes can be recognized microscopi-
cally as vulvar squamous intraepithelial neoplasia 
(VIN), well differentiated, or simplex (Fig.  10.1 ). 
VIN originating in the context of long-standing 
lichen sclerosus carries a high risk of cancer 
development. In contrast, the less common HPV-
associated basaloid and warty carcinomas develop 
from a precursor lesion called undifferentiated 
or classic VIN (Fig.  10.2 ). HPV-associated VIN 
lesions have a low risk of progression to invasive 
carcinomas (approximately 6 %), except in older 
or immunosuppressed women.   

    10.2.1   Well-Differentiated 
(Simplex) VIN 

 In this form of VIN, the nuclear atypia is con fi ned 
to the basal and parabasal layer (Fig.  10.1a ). 
The squamous cells show abundant eosinophilic 
cytoplasm and prominent intercellular bridges 
(Fig.  10.1b ). The nuclei are relatively uniform 
in size and contain coarse chromatin and promi-
nent nucleoli. Occasional pearls are seen. Until 
recently, well-differentiated VIN had been mis-
interpreted as squamous hyperplasia. Grading of 
this lesion is poorly reproducible. Most cases are 
VIN 3.  
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    10.2.2   HPV-Related or Classic VIN 

 This form of VIN is graded according to the prin-
ciples similar to those used in the grading of prein-
vasive neoplasia of the cervix, i.e., on a scale from 
1 to 3, corresponding to mild, moderate, and severe 
dysplasia, respectively. However, grade 3—which 
includes squamous cell carcinoma in situ (CIS)—is 
by far the most common (Fig.  10.2 ).

    • VIN 1—mild squamous dysplasia . The epithe-
lium is slightly thickened and has a disorga-
nized basal layer showing mild nuclear atypia. 

In the super fi cial layers, there is prominent 
koilocytosis. The surface may be covered with 
a hyperkeratotic layer and an underlying layer 
of granular cells, resembling those in the skin 
(Fig.  10.2a ).  
   • VIN 2—moderate squamous dysplasia . The 
epithelium shows disorganized layering, 
nuclear enlargement and irregularity, and 
mitotic activity in lower two-thirds of the 
squamous epithelium. Squamous maturation 
with proper layering is retained toward the 
surface (Fig.  10.2b ).  

a

b

  Fig. 10.1    Vulvar intraepithe-
lial neoplasia ( VIN ) well-
differentiated ( simplex ) type. 
( a ) The atypia is accentuated 
in the basal and parabasal 
layers. ( b ) There is striking 
epithelial maturation in the 
super fi cial layers. The 
keratinocytes show abundant 
eosinophilic cytoplasm and 
prominent intercellular 
bridges       
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  Fig. 10.2    Vulvar intraepithe-
lial neoplasia, classic type. 
( a ) VIN1, the epithelium is 
thickened, slightly disorga-
nized, and shows koilocytosis 
in the super fi cial layers. 
( b ) VIN2, the thickened 
epithelium shows disorganized 
layering and contains cells 
that have enlarged, irregular, 
and hyperchromatic nuclei. 
Squamous maturation with 
proper layering is retained 
toward the surface. There is 
surface parakeratosis. 
( c ) VIN3, the entire thickness 
of the epithelium contains 
hyperchromatic, small atypical 
basaloid cells. The surface 
shows hyperkeratosis or 
parakeratosis         

a

b
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   • VIN 3—severe squamous dysplasia/carcinoma 
in situ . In this condition, the epithelium is fre-
quently thickened. The entire thickness of the 
epithelium has been replaced by small atypi-
cal hyperchromatic basaloid cells with numer-
ous mitoses. A thin layer of parakeratosis or 
abortive layering may be seen on the surface 
(Fig.  10.2c ). In some cases of VIN 3, there is 
prominent surface hyperkeratosis, and the 
entire lesion has a verrucous appearance 
( warty type of VIN 3 ). Bowen disease is a syn-
onym for VIN III of the classic type.      

    10.3   Invasive Squamous Cell 
Carcinoma of the Vulva 

 Invasive squamous cell carcinoma of the vulva is 
graded according to the same principles as the 
squamous carcinoma in other anatomic locations.

    • Grade 1—well-differentiated squamous cell 
carcinoma . Tumor cells resemble normal 
squamous epithelium with frequent formation 

of concentrically laminated keratin pearls. The 
tumor cells are polygonal and have well-
developed eosinophilic cytoplasm. The inter-
cellular bridges are seen clearly at high 
magni fi cation. The nuclei show mild atypia 
with inconspicuous nucleoli. There are occa-
sional mitoses.  
   • Grade 2—moderately differentiated squamous 
cell carcinoma . Tumor cells have variable 
amounts of cytoplasm and pleomorphic nuclei. 
Squamous differentiation of the tumor cells is 
still recognizable by occasional keratin pearls 
formation and individual cell keratinization. 
Mitoses are easily identi fi ed.  
   • Grade 3—poorly differentiated squamous cell 
carcinoma . Tumor cells have a high nuclear-
cytoplasmic ratio and show nuclear hyper-
chromasia and pleomorphism. Individual cell 
keratinization may be seen, but no keratin 
pearls are found. In some tumors, the nests are 
composed of small basaloid cells that show 
almost no signs of squamous differentiation. 
Mitoses are prominent and often atypical.    

cFig. 10.2 (continued)
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 Invasive squamous cell carcinoma may be also 
classi fi ed as keratinizing and nonkeratinizing. 
The keratinizing squamous cell carcinoma is usu-
ally well differentiated, whereas the nonkerati-
nizing squamous cell carcinomas are usually 
moderately to poorly differentiated. Several addi-
tional microscopic subtypes are recognized. 
These rare forms of carcinoma include the 
following:

    • Basaloid squamous cell carcinoma . These 
tumors are composed of sheets of small, ovoid 
cells resembling those in HPV-related VIN 3. 
It tends to occur in younger women infected 
with HPV.  
   • Sarcomatoid squamous cell carcinoma . This 
is a poorly differentiated carcinoma and 
immunohistochemistry may be needed to dis-
tinguish it from sarcoma.  
   • Verrucous squamous cell carcinoma . This is a 
rare well-differentiated squamous cell carci-
noma that forms papillary fronds and invades 
the underlying stroma forming bulbous pegs 
with a pushing border. It resembles condy-
loma acuminatum and is related to HPV 
infection.  
   • Warty squamous cell carcinoma . This is a rare 
exophytic tumor composed of papillae cov-
ered with a thick layer of parakeratosis and 
keratosis. It contains koilocytes, and it is typi-
cally associated with HPV infection.  
   • Keratoacanthoma-like squamous cell carci-
noma . This low-grade tumor grows fast but 
does not invade or metastasize. Typically, it 
occurs on the hair-covered part of the vulva and 
is identical to keratoacanthoma-like squamous 
cell carcinomas on other parts of the skin.    

    10.3.1   Comments 

     1.    Most of the vulvar and vaginal squamous cell 
carcinomas are moderately differentiated, 
whereas the well-differentiated and poorly 
differentiated squamous cell carcinomas occur 
less often.  

    2.    The grade of tumors is directly related to the 
risk for lymph node metastasis and the overall 
poor prognosis.  

    3.    Grading and staging are important prognostic 
predictors for vulvar squamous cell carcino-
mas. The number of inguinal lymph node 
metastases is the most important single factor. 
Only one-fourth of patients with pelvic node 
metastases live 5 years. Additional immuno-
histochemical studies do not seem to contrib-
ute signi fi cantly to the data obtained by 
thorough clinicopathologic work-up  [  2,   3  ] .       

    10.4   Tumors of the Vagina 

 Tumors of the vagina are less common than 
those of the vulva or the cervix. Most of the 
tumors originate from the squamous epithelium. 
Glandular and mesenchymal tumors are rare. 
  Squamous cell neoplasms of the vagina, which 
account for over 95 % of all vaginal cancers, 
occur in an invasive and a preinvasive form. 
Preinvasive neoplasms are identical to intraepi-
thelial squamous cell lesions of the vulva and 
cervix. These lesions are called vaginal intraepi-
thelial neoplasm (VAIN) and are graded on scale 
from 1 to 3 as mild, moderate, or severe. Invasive 
tumors present as keratinizing or nonkeratinizing 
squamous cell carcinomas identical to those in 
the vulva or the cervix.  

    10.5   Cervical Intraepithelial 
Neoplasia 

 Essentially all squamous cell carcinomas of the 
cervix are preceded by cervical intraepithelial 
neoplasia (CIN) and are in most instances related 
to infection with human papilloma viruses  [  4,   5  ] . 
CIN can be diagnosed reliably by exfoliative 
cytology and in histologic sections of the cervical 
lesions. 

 CIN is graded on a scale from 1 to 3 or desig-
nated as mild, moderate, or severe squamous dys-
plasia. The rubric CIN 3 includes not only severe 
dysplasia but also carcinoma in situ of the cervix; 
these two lesions cannot be separated objectively 
one from another. 

 Intraepithelial lesions can be also graded in a 
binary system as low-grade squamous intraepithelial 
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lesions (LSIL) or high-grade squamous intraepithe-
lial lesions (HSIL). The comparison of the three-
tiered and the two-tiered grading system, the 
Bethesda cytologic system, and the HPV risk group 
is presented in Fig.  10.3 .  

 Even though there is still some interobserver 
variation  [  6  ] , the 3-tiered system of grading is 
currently the most widely used one. It includes 
the following categories:

    • CIN 1—mild squamous dysplasia . This lesion 
results from HPV infection causing disorderly 
proliferation of cells in the lower third of the 

epithelium. These layers are widened and lack 
normal polarization, but are still distinct from 
the two surface layers which show layering 
and signs of squamous maturation. The cells 
have enlarged hyperchromatic nuclei. In the 
lower layers, nuclear enlargement results in a 
high nucleocytoplamic ratio. In upper layers, 
nuclear enlargement results in formation of 
koilocytes. Koilocytes have an optically clear 
cytoplasm and contain enlarged hyperchro-
matic nuclei of irregular contours (“raisinoid-
nuclei”). These nuclei are eccentrically located 
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  Fig. 10.3    Interrelations of naming systems in precursor 
cervical lesions. This chart integrates multiple aspects of 
the disease. It illustrates the changes in progressively 
more abnormal disease states and provides translation ter-
minology for the dysplasia/carcinoma in situ ( CIS ) sys-
tem, cervical intraepithelial neoplasia ( CIN ) system, and 

the Bethesda system ( SIL ). The scheme also illustrates the 
corresponding cytologic smear resulting from exfoliation 
of the most super fi cial cells as well as the equivalent his-
topathologic lesions ( top ). Abbreviation:  SIL  squamous 
intraepithelial lesion       
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and appear to be in contact with the cell mem-
brane on one side. Mitoses may be seen but 
are con fi ned to the basal layer and do not show 
morphologic atypia (Fig.  10.4a ).   
   • CIN 2—moderate squamous dysplasia . This 
lesion shows marked cellular atypia and a 
loss of cellular polarity throughout the lower 
two-thirds of the epithelium. The upper third 
of epithelium shows good layering of cells 
and surface squamous maturation. Nuclear 
enlargement, atypia, and hyperchromasia are 

prominent, but the mitoses are limited to the 
lower two-thirds of the epithelium. Abnormal 
mitotic  fi gures may be present (Fig.  10.4b ).  
   • CIN 3—severe squamous dysplasia/carcinoma 
in situ . The epithelium shows no signs of lay-
ering or maturation. From the bottom to the 
top, it is composed of atypical cells that have a 
high nucleocytoplasmic ratio. These basaloid 
cells (called so because they resemble normal 
basal cells) have spindle-shaped or irregu-
larly shaped enlarged hyperchromatic nuclei 

  Fig. 10.4    ( a ) CIN 1, the 
epithelium is disorganized in 
the lower part but shows 
surface layering and koilocy-
tosis. ( b ) CIN2, two-thirds of 
the entire thickness of the 
epithelium contain basaloid 
cells, but the upper third still 
shows layering and squamous 
differentiation. ( c ) CIN3, 
hyperchromatic small cells 
occupy the entire thickness of 
the epithelium, and there is 
almost no surface strati fi cation 
or squamous differentiation         

a

b
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arranged disorderly and without any polar-
ization. Mitotic  fi gures are numerous and are 
found at random at all levels. The surface may 
show focal parakeratosis or hyperkeratosis. 
Abnormal mitoses are common (Fig.  10.4c ).    

    10.5.1   Comments 

     1.    CIN can involve foci of intraglandular 
squamous metaplasia in the endocervix. These 
changes must be distinguished from metapla-
sia and should not be mistaken for invasive 
carcinoma.  

    2.    CIN 3 may be associated with microinvasive 
or overtly invasive squamous cell carcinomas. 
Even with modern technology available in the 
laboratory, it is dif fi cult to predict which CIN 
will progress to invasive carcinoma  [  7  ] .  

    3.    The transition of CIN into invasive squamous 
cell carcinoma should be suspected in all cases 
of CIN that show the following features:

   Involvement of broad areas of the cervix  • 
  Multifocal and deep extension into the • 
glands of the endocervix  
  Marked thickening of the dysplastic epithe-• 
lium and exophytic papillary growth pattern  

  Foci of squamous differentiation scattered • 
at random and especially if found in the 
basal zones  
  Foci of surface necrosis of the dysplastic • 
epithelium  
  Extensive chronic in fl ammation in the stroma • 
underneath the dysplastic epithelium     

    4.    Immunohistochemistry with antibody MIB-1 
(Ki-67) shows high proliferative activity in all 
layers of CIN3. This is in sharp contrast to the 
normal epithelium and low-grade dysplasia in 
which MIB-1 reacts with nuclei of basal and 
parabasal layer only.       

    10.6   Invasive Squamous Cell 
Carcinoma of the Cervix 

 Invasive squamous cell carcinoma (SCC) is 
graded the same was as squamous cell carcinoma 
in other anatomic sites.

    • Grade 1—well-differentiated squamous cell 
carcinoma . These tumors are composed of 
cells that resemble normal squamous epithe-
lium with frequent formation of concentrically 
laminated keratin pearls and evident intercel-
lular bridges. Tumor cells have abundant 

cFig. 10.4 (continued)
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eosinophilic cytoplasm. Their nuclei show 
mild atypia with inconspicuous nucleoli and 
occasional mitosis.  
   • Grade 2—moderately differentiated squamous 
cell carcinoma . These tumors are composed 
of cells that have moderate amounts of cyto-
plasm and pleomorphic nuclei. Squamous 
differentiation of the tumor cells is still recog-
nizable by occasional keratin pearls formation 
and individual cell keratinization. Mitoses are 
easily identi fi ed.  
   • Grade 3—poorly differentiated squamous cell 
carcinoma . These tumors are composed of 
cells that have a high nucleocytoplasmic ratio, 
marked nuclear pleomorphism, and abundant 
mitosis including some atypical forms. Individual 
keratinized cells may be seen (Fig.  10.5 ), 
but no keratin pearls formation is identi fi ed. 
Rarely, spindle-shaped tumor cells predomi-
nate resembling sarcoma.     
 Squamous cell carcinomas of the cervix are 

moderately differentiated in about two-thirds 
of all cases (Fig.  10.4 ), whereas the well- 
differentiated and poorly differentiated forms are 
less common. Several microscopic variants are 
recognized as follows:

    • Nonkeratinizing squamous cell carcinoma . It 
is the most common form of cervical cancer 

accounting for 65 % of all cases. Most of them 
show only abortive squamous differentiation 
and are classi fi ed as moderately differentiated 
SCC.  
   • Keratinizing squamous cell carcinoma . These 
tumors show signs of squamous differentia-
tion (intercellular bridges, keratohyaline gran-
ules, and dyskeratosis) and form keratin pearls. 
They are usually well- or moderately differen-
tiated SCC.  
   • Basaloid squamous cell carcinoma . This is a 
high-grade and aggressive tumor composed of 
small hyperchromatic cells bearing some 
resemblance to basaloid cells in CIN3.  
   • Papillary squamous cell carcinoma . These 
tumors form papillae lined by epithelium 
that resembles CIN3 and also show focal inva-
sion of the stroma. They show focal areas of 
squamous differentiation and are usually 
classi fi ed as moderately differentiated.  
   • Verrucous squamous cell carcinoma . These 
tumors are well differentiated and show prom-
inent surface keratinization.  
   • Lymphoepithelioma-like squamous cell carci-
noma . These tumors resemble those of the 
nasopharynx. They are composed of nests of 
poorly differentiated squamous cells inter-
mixed with lymphocytes.     

  Fig. 10.5    Invasive squamous 
cell carcinoma of the cervix. 
The tumor is composed of 
sheets of squamous cells that 
show individual keratinization       
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    10.7   Adenocarcinoma of the Cervix 

 Invasive adenocarcinoma of the cervix is rarely 
associated with adenocarcinoma in situ. In con-
trast, squamous intraepithelial lesion (SIL) is 
found more frequently  [  8  ] . Invasive adenocarci-
noma is graded as follows:

    • Grade 1—well-differentiated adenocarci-
noma . These neoplasms consist predominantly 
of glands, whereas the solid components form 
only 5 % of the entire tumor.  
   • Grade 2—moderately differentiated adeno-
carcinoma . These tumors consist of glands, 
but solid areas account for 5 % to less than 
50 % of the tumor.  
   • Grade 3—poorly differentiated adenocarci-
noma . These tumors are composed of poorly 
differentiated cells that form solid masses 
accounting for more than 50 % of the entire 
tumor mass.    
 In addition to adenocarcinomas that cannot be 

further classi fi ed ( adenocarcinoma ,  NOS ), sev-
eral microscopic subtypes of endocervical carci-
noma  [  9  ]  are recognized as follows:

    • Mucinous adenocarcinoma . These tumors may 
occur in several grades, i.e., as well-differenti-
ated, moderately differentiated, and poorly 
differentiated adenocarcinomas. Most adenocar-
cinomas of the cervix are moderately differenti-
ated and show little intracytoplasmic mucin; 
thus, the tumor glands resemble those of endo-
metrioid carcinoma or exhibit a mixed endocer-
vical and endometrioid appearance. This has led 
to confusion, with these tumors being regarded 
as endometrioid adenocarcinomas. 
 Several variants of mucinous adenocarcino-• 
mas are recognized: minimal deviation adeno-
carcinoma and endocervical, intestinal, 
villoglandular, and signet ring variants of 
endocervical adenocarcinoma.  
   • Endometrioid adenocarcinoma . These tumors 
occur in several grades and resemble endo-
metrioid carcinomas of the uterus. 
Immunohistochemically, adenocarcinomas 
that show strong positive immunoreaction for 
vimentin and ER and weak or negative immu-
nostaining for p16 INK4A  are most likely of 
endometrial origin.  

   • Clear cell adenocarcinoma . These high-grade 
tumors consist of clear or hobnail-like cells 
arranged into solid areas and tubular glands or 
lining papillae. They resemble clear cell carci-
nomas of the ovary.  
   • Serous adenocarcinoma . These high-grade 
tumors resemble serous adenocarcinoma 
of the ovary. The diagnosis of primary serous 
carcinoma of the cervix should be made only 
after tumor spread from the ovary, fallopian 
tube, or endometrium has been excluded.  
   • Mesonephric adenocarcinoma . These tumors 
develop from mesonephric remnants in the 
lateral and posterior wall of the cervix. The 
tumor forms several glandular patterns, and 
dense eosinophilic material may be found in 
their lumen. They may be well, moderately, or 
poorly differentiated.  
   • Adenosquamous carcinoma . These are aggres-
sive tumors and tend to metastasize more often 
than common adenocarcinomas or squamous 
cell carcinomas.  
   • Adenoid cystic carcinoma . These rare tumors 
are high-grade neoplasms similar to those 
developing more frequently in the salivary 
glands; however, unlike carcinomas of the 
salivary glands, the cervical tumors do not 
usually show perineural invasion and pres-
ents greater nuclear pleomorphism, high 
mitotic index, and necrosis. The stroma is 
typically composed of hyaline PAS-positive 
material of basement membrane type. This 
material represents the best histologic marker 
for cervical ACC. The immunostainings for 
basement membrane components, such as 
type IV collagen and laminin, are nearly 
always positive.    

    10.7.1   Comments 

     1.    Adenocarcinoma (NOS) and mucinous carci-
nomas account for the vast majority of all 
endocervical cancers. The prognosis is mostly 
stage dependent, and the grading is of limited 
prognostic signi fi cance.  

    2.    Early adenocarcinoma showing subtle inva-
siveness may be dif fi cult to identify in 
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biopsy material. If the distance between 
neoplastic glands and thick-walled blood 
vessels is less than the thickness of the ves-
sel wall, invasion should be suspected  [  10  ] .  

    3.    The distinction of endocervical adenocarci-
nomas from endometrial adenocarcinomas 
may be dif fi cult. The presence of abundant 
intracellular mucin favors an endocervical 
origin, but most endometrial adenocarcino-
mas show focal mucinous differentiation, and 
some of them are largely mucinous. The 
stroma of the tumor may be helpful; in cervi-
cal tumors it is typically  fi brous, whereas 
endometrial carcinomas usually contain very 
little stroma.  

    4.    If a serous or clear cell carcinoma is identi fi ed 
in the cervix, it is important to  fi rst exclude a 
metastasis from an ovarian tumor before a 
diagnosis of a primary cervical tumor is 
made.       

    10.8   Adenocarcinoma 
of the Endometrium 

 Endometrial adenocarcinomas are the most 
common malignant tumors of the uterus. These 
tumors can be subdivided into two major 
groups:

    • Type I tumors . This group comprises estrogen-
related endometrioid carcinomas, which 
account for the majority (80 %) of endome-
trial carcinomas.  
   • Type II tumors (nonendometrioid carcino-
mas) . Tumors of this group are unrelated to 
estrogen and occur more often in postmeno-
pausal women. These tumors often resemble 
ovarian carcinomas and are mainly of serous 
and clear cell types  [  11,   12  ] .    
 Whereas type II (nonendometrioid) carcino-

mas are considered high-grade tumors by 
de fi nition and there is no need to grade them, 
grading of endometrioid carcinomas is prognosti-
cally very important. These tumors span the spec-
trum from very well differentiated to almost 
completely undifferentiated and probably merge 
at the higher end of the spectrum with nonendo-
metrioid carcinomas. 

    10.8.1   Type I: Estrogen-Related 
(“Endometrioid”) 
Adenocarcinomas 

 These tumors develop in women in the age group 
from 40 to 65 years, usually in the context of 
endometrial hyperplasia. The 2009 International 
Federation of Gynecology and Obstetrics (FIGO) 
grading system is based primarily upon architec-
tural features  [  12,   13  ] . 

 According to FIGO,  architectural grading  of 
endometrial adenocarcinoma takes into account 
the proportion of glandular and solid areas 
(Fig.  10.6 ). The tumors are graded as well differ-
entiated (50 %), moderately differentiated (35 %), 
and poorly differentiated (15 %) as follows: 

    • Grade 1—well-differentiated adenocarci-
noma . These tumors are composed of almost 
entirely of well-formed glands (Fig.  10.6a ). 
Solid areas account for less than 5 % of the 
total mass. These tumors may contain foci of 
squamous epithelium or show so-called moru-
lar growth, but these should not be counted as 
solid areas. Solid growth is based only on the 
non-squamous (glandular) component.  
   • Grade 2—moderately differentiated adeno-
carcinoma . These tumors are also composed 
of well-formed glands, but also contain 
6–50 % of solid areas (Fig.  10.6b ). Like in 
grade 1 tumors, squamous and morular areas 
should not be taken into account when calcu-
lating the extent of solid areas.  
   • Grade 3—poorly differentiated adenocarci-
noma . In these, the solid parts predominate 
forming more than 50 % of the tumor mass 
(Fig.  10.6c ).    
 The presence of grade 3 nuclear features 

(i.e., marked nuclear pleomorphism, coarse chro-
matin, prominent nucleoli) in architecturally grade 
1 or 2 tumors increases their grade by one. Most 
endometrioid carcinomas are architecturally grade 
1, and assessment of whether the nuclear features 
are grade 3 is quite subjective. As previously 
stated, in serous carcinoma, clear cell carcinoma, 
and squamous cell carcinoma, nuclear grading 
takes precedence over architecture  [  12,   13  ] . 

 Several variants of endometrioid adenocarci-
noma are recognized which can also be graded 
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according to FIGO  [  14  ] . These variants include 
the following:

   Variant with squamous differentiation  • 
  Villoglandular variant  • 
  Secretory variant  • 
  Ciliated cell variant     • 

    10.8.2   Type II: Non-endometrioid 
Adenocarcinomas 

 These tumors are less common than endometrioid 
adenocarcinomas and usually develop in older 

women and in the background of endometrial atro-
phy. This group includes the following tumor types:

    • Serous adenocarcinomas . These tumors are of 
high grade (Fig.  10.7 ).   
   • Clear cell adenocarcinomas . These tumors 
are of high grade.  
   • Squamous cell carcinomas . The grade of these 
tumors varies.  
   • Transitional cell carcinomas . These tumors 
are usually grade 2 and 3.  
   • Small cell carcinomas . These are high-grade 
tumors resembling oat cell carcinoma of the 
lung.  

  Fig. 10.6    Endometrioid 
adenocarcinoma of 
endometrium. ( a ) Grade 1, 
well-differentiated adenocarci-
noma is composed of cells 
forming glands. ( b ) Grade 2, 
moderately differentiated 
adenocarcinoma consists of 
solid and glandular areas. 
( c ) Grade 3, poorly differenti-
ated adenocarcinoma consists 
mostly of solid sheets of cells         

a

b
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   • Undifferentiated carcinomas . These are high-
grade tumors.  
   • Mucinous carcinomas . These rare tumors tend 
to be low grade and therefore have an excel-
lent prognosis.     

    10.8.3   Comments 

     1.    The nuclear grades and the architectural grades 
of endometrioid adenocarcinomas usually 
correspond one to another. In the presence of 

marked nuclear atypia and the presence of 
bizarre nuclei, one should raise the architec-
tural FIGO grade of grade 1 tumors to 2 and 
grade 2 tumors to 3.  

    2.    Adenocarcinomas with squamous differentia-
tion are graded according to the nuclear grade 
of the glandular component.  

    3.    In serous adenocarcinomas, clear cell adeno-
carcinomas, and squamous cell carcinomas, 
nuclear grade takes precedence over the archi-
tectural grade.  

  Fig. 10.7    Serous ( nonendo-
metrioid ) adenocarcinoma of 
endometrium. There is 
strati fi cation of anaplastic 
tumor cells (grade 3) showing 
prominent nucleoli and 
numerous mitoses       

cFig. 10.6 (continued)
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    4.    Mixed adenocarcinoma is a term used for 
tumors that contain both type I endometrioid 
and type II nonendometrioid adenocarcinoma. 
The minor component must exceed 10 % of 
the total tumor mass. The tumors containing 
more than 25 % of type II tumors have a poor 
prognosis  [  14  ] .       

    10.9   Smooth Muscle Tumors 

 Smooth muscle tumors may be divided into three 
groups: benign (leiomyomas), malignant (leio-
myosarcomas), and tumors of unknown malig-
nant potential (STUMP)  [  15,   16  ] . 
  Leiomyoma . This is the most common benign 
uterine tumor. It is composed of smooth muscle 
cells and  fi broblasts (Fig.  10.8a ). Microscopically, 
the tumors are composed of fascicles of uniform 
spindle cells with elongated, blunt-ended nuclei, 
 fi ne chromatin, small nucleoli, and eosinophilic 
abundant cytoplasm. Mitoses are infrequent (usu-
ally less than 5 per 10 high-power  fi elds (hpf)). 
Hemorrhage, edema, myxoid degeneration, and 
hyaline  fi brosis are common.  

 Several variants of leiomyoma are recognized. 
The most important that could be mistaken for 
leiomyosarcoma are:

    • Cellular leiomyoma . This variant is character-
ized by prominent cellularity when compared 
to the surrounding myometrium. However, 
there is no coagulative tumor necrosis and no 
nuclear atypia or mitotic activity, which allows 
one to distinguish these tumors from 
leiomyosarcoma.  
   • Mitotically active leiomyoma . This variant has 
all the cellular and architectural features of 
typical leiomyomas but, at the same time, 
shows an increased mitotic activity ( ³ 5 per 
10). This diagnosis should be limited to tumors 
that show no signi fi cant marked nuclear aty-
pia, contain no atypical mitosis, and no coagu-
lative necrosis.  
   • Atypical leiomyoma . These tumors also 
known as symplastic, pleomorphic, or bizarre 
leiomyomas show marked nuclear atypia 
and intranuclear inclusions of cytoplasm. 
However, these nuclear changes are not 

 associated with other features of malignancy 
of smooth muscle cell tumors. Thus, they 
show low mitotic activity (less than ten mito-
ses per 10 hpf) and lack areas of coagulative 
tumor cell necrosis  [  17  ] .  
   • Smooth muscle tumor of uncertain malignant 
potential (STUMP) . This term is used for 
tumors that cannot be histologically diagnosed 
with certainty as benign or malignant  [  15  ] . In 
general, STUMPs differ from leiomyomas 
and have some but not all features of leiomyo-
sarcomas. The uterine smooth muscle tumors 
are diagnosed as STUMPs when they have the 
following features:

   Coagulative necrosis present, but there is  –
no increased mitotic activity and the nuclear 
atypia is not diffuse.  
  Increased mitotic activity (up to 15 mitoses  –
per 10 hpf) is combined with focal atypia, 
but there is no diffuse atypia or any evi-
dence of necrosis.  
  There is diffuse atypia, but there is no  –
increased mitotic activity or any evidence 
of coagulative necrosis.       

  Leiomyosarcoma . This is a rare tumor, but 
nevertheless it represents the most common uter-
ine sarcoma. The histopathologic diagnosis of 
uterine leiomyosarcoma is usually straightfor-
ward since most clinically malignant tumors 
show hypercellularity, severe nuclear atypia, and 
high mitotic rate generally exceeding 15 mitotic 
 fi gures per 10 high-power  fi elds (MF/10 hpf) 
(Fig.  10.8b ). Moreover, large size (over 10 cm), 
in fi ltrating border, necrosis, and atypical mitotic 
 fi gures are frequently present  [  16  ] . 

 The minimal pathological criteria for the diag-
nosis of leiomyosarcoma are more problematic, 
and in such cases, the following combination of 
features supports the diagnosis:

   Coagulative necrosis and more than 10 mito-• 
ses per 10 hpf, with or without nuclear 
atypia.  
  Coagulative necrosis, 10 or fewer than 10 • 
mitoses per hpf with moderate to severe 
nuclear atypia.    
 No evidence of necrosis, but more than 10 

mitoses per 10 hpf and diffuse moderate to severe 
nuclear atypia  [  15  ] . 
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 Epithelioid and myxoid leiomyosarcomas, 
however, are two rare variants which may be 
dif fi cult to recognize microscopically as their 
pathologic features differ from those of ordinary 
spindle cell leiomyosarcomas. In fact, nuclear 
atypia is usually mild in both tumor types, and 
the mitotic rate is often <3 mitoses per 10 hpf. In 
epithelioid leiomyosarcomas, necrosis may be 
absent and myxoid leiomyosarcomas are often 
hypocellular. In the absence of severe cytologic 

atypia and high mitotic activity, both tumors are 
diagnosed as sarcomas based on their in fi ltrative 
borders  [  16  ] . 

 Most uterine sarcomas are leiomyosarcomas. 
Exclusion of several histologic variants of leio-
myoma, as well as STUMPs frequently misdiag-
nosed as sarcomas, has made apparent that the 
vast majority of leiomyosarcomas are high-grade 
sarcomas associated with poor prognosis even 
when con fi ned to the uterus.  

a

b

  Fig. 10.8    Smooth muscle 
tumors of the uterus. 
( a ) Leiomyoma is composed 
of uniform smooth muscle 
cells and  fi broblasts. 
( b ) Leiomyosarcoma contains 
hyperchromatic cells showing 
nuclear pleomorphism. 
Mitotic  fi gures are numerous       
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    10.10   Adenocarcinoma of the 
Fallopian Tube 

 Adenocarcinomas of the fallopian tube are rare 
tumors. Morphologically they have the same fea-
tures as endometrial or ovarian carcinomas and 
are graded according to the same principles  [  18  ] .  

    10.11   Adenocarcinomas of the Ovary 

 Epithelial ovarian tumors are heterogeneous neo-
plasms which are primarily classi fi ed according 
to cell type into serous, mucinous, endometrioid, 
clear cell, transitional, and squamous cell tumors. 
Depending upon the degree of cell proliferation 
and nuclear atypia, and the presence or absence of 
stromal invasion, these tumors are further subdi-
vided into benign, borderline (intermediate), and 
malignant (adenocarcinomas), and this subdivi-
sion correlates with prognosis. Adenocarcinomas 
of the ovary are the most common ovarian can-
cers accounting for 90 % of cases  [  19  ] . There 
are  fi ve main histologic types which by order 
of frequency are high-grade serous carcinomas 
(HGSC) (70 %), endometrioid carcinomas (EC) 
(10 %), clear cell carcinomas (CCC) (10 %), 
mucinous carcinomas (MC) (3 %), and low-grade 
serous carcinomas (LGSC) (<5 %) (Fig.  10.9 ). 
These tumors account for 98 % of ovarian adeno-
carcinomas and show different histopathologi-
cal features, immunohistochemical pro fi les, and 
molecular genetic alterations.  

 It is now accepted that high-grade serous car-
cinoma (HGSC) and low-grade serous carci-
noma (LGSC) are fundamentally different tumor 
types, and consequently different diseases. 
LGSC are associated in most cases with a serous 
borderline component, carry KRAS and BRAF 
mutations, and are unrelated to TP53 mutations 
and BRCA abnormalities. In contrast, HGSCs 
are not associated with serous borderline tumors 
and typically exhibit TP53 mutations and BRCA 
abnormalities  [  19  ] . 

 Microscopically, HGSC shows papillary and 
solid growth with slit-like glandular lumens. The 
tumor cells are typically of intermediate size, 
with scattered bizarre mononuclear giant cells 

exhibiting prominent nucleoli (Fig.  10.9a ). In 
contrast to LGSCs (Fig.  10.9b ), these tumors 
show more than threefold variation in nuclear 
size. Although nuclear features are the chief cri-
terion for distinguishing between HGSC and 
LGSC, the mitotic activity can be used in cases 
with equivocal degrees of nuclear pleomorphism; 
mitotic activity greater than 12/10 hpf favors a 
diagnosis of HGSC. In these tumors, mitotic 
activity is often several times this diagnostic 
threshold and is associated with abundant apop-
totic bodies. High-grade and predominantly solid 
carcinomas showing serous differentiation, even 
in a minority of the tumor, should be classi fi ed as 
HGSC (rather than mixed serous/undifferenti-
ated); to date, no underlying molecular differ-
ences between these tumors and pure HGSC have 
been detected  [  19  ] . Tumors showing nuclei of 
intermediate size often have TP53 mutations and 
should be classi fi ed as HGSC  [  20  ] . LGSC rarely 
progresses to high-grade tumors  [  19  ] . 

 Mucinous adenocarcinomas (MC) of the ovary 
are often heterogeneous. Benign-appearing, bor-
derline, noninvasive carcinoma, and invasive 
components may coexist within an individual 
tumor and suggest tumor progression from benign 
to borderline and from borderline to carcinoma. 
Therefore, extensive sampling for histological 
examination is necessary. 

 Recently, MCs have been divided into two cat-
egories: (a) an expansile type without obvious 
stromal invasion, but exhibiting back-to-back or 
complex malignant glands with minimal or no 
intervening stroma and exceeding  10 sq. mm in 
area (>3 mm in each of two linear dimensions) 
(Fig.  10.9c ); and (b) an in fi ltrative type, showing 
evident stromal invasion in the form of glands, cell 
clusters, or individual cells, disorderly in fi ltrating 
the stroma and frequently associated with a des-
moplastic stromal reaction  [  21,   22  ] . The expansile 
pattern of growth has also been referred to as the 
“noninvasive,” “intraglandular,” or “con fl uent 
glandular” pattern and is associated with a more 
favorable prognosis than the in fi ltrative pattern. 
A histopathological feature unique to mucinous 
tumors is the occasional  fi nding of mural nodules 
of anaplastic carcinoma or high-grade sarcoma. 
When such nodules are localized in the wall of an 
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unruptured cyst, the prognosis may be favorable, 
but such tumors may recur and do so as the ana-
plastic component  [  22,   23  ] . 

 Endometrioid tumors of the ovary closely 
mimic their uterine counterparts. Most endo-
metrioid carcinomas (EC) are low-grade adeno-
carcinomas and seem to arise from endometriotic 
cysts (Fig.  10.9d ). 

  The architectural grade  according to FIGO is 
assigned to EC as follows:

    • Grade 1—well-differentiated adenocarci-
noma . These tumors are composed predomi-
nantly of glands, with solid areas forming less 
than 5 % of the total tumor mass.  
   • Grade 2—well-differentiated adenocarci-
noma . These tumors are composed of glands, 
but contain prominent solid areas occupying 
6–50 % of the total tumor mass.  
   • Grade 3—poorly differentiated adenocar-
cinoma . In these tumors, the solid areas 

  Fig. 10.9    Representative 
examples of the  fi ve main 
types of ovarian carcinoma, 
which together account for 
98 % of cases: ( a ) High-grade 
serous carcinoma, ( b ) Low-
grade serous carcinoma, 
( c ) Mucinous carcinoma, 
( d ) Endometrioid carcinoma, 
and ( e ) Clear cell carcinoma           

a

b
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c

d

Fig. 10.9 (continued)
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predominate forming more than 50 % of the 
tumor mass.    
 High-grade ECs are morphologically indistin-

guishable from HGSCs and often express Wilms’ 
tumor gene (WT1). Gene expression pro fi ling is 
also similar, suggesting that high-grade EC is not 
a distinct tumor type  [  19  ] . 

 The presence of clear cells alone is not 
suf fi cient for a diagnosis of clear cell adenocarci-
noma (CCC), as cells with clear cytoplasm can be 
seen in HGSC and EC. Besides the characteristic 
clear or hobnail cells with eccentric, rounded, and 
bulbous nuclei, the diagnosis is based on the fol-
lowing architectural and cytological  fi ndings: (a) 
multiple complex papillae, (b) densely hyaline 
basement membrane material expanding the cores 
of the papillae (Fig.  10.9e ), and (c) hyaline bod-
ies, which are present in approximately 25 % of 
cases. Mitoses are less frequent than in other types 
of ovarian carcinomas (usually less than 5/10 hpf). 
The vast majority of CCC are grade 3 tumors.  

    10.12   Germ Cell Tumors 

 Ovarian germ cell tumors are classi fi ed as benign 
or malignant. Teratoma, the most common benign 
germ cell tumor, is also the most common germ 
cell tumor in general accounting for over 90 % of 

tumors in this group. Secondary malignancy can 
occur in teratomas that have not been removed 
and were allowed to stay in the body until the 
woman reaches older age. Such malignant tumors 
are rare and are classi fi ed as squamous cell carci-
noma, adenocarcinoma, neuroectodermal tumors, 
or sarcomas. Primary malignant germ cell tumors 
are also uncommon and include dysgerminoma, 
embryonal carcinoma, yolk sac tumor, and cho-
riocarcinoma. Except for dysgerminoma, all 
other primary germ cell tumors are high-grade 
malignancies and are not graded. 

  Immature teratoma  is the only germ cell tumor 
that is worth grading. Like the classical terato-
mas, these tumors contain various mature somatic 
tissues but also contain immature tissues most 
notably in the form of neuroectodermal tubes and 
rosettes  [  24  ] . Immature teratomas are graded on a 
scale from 1 to 3 as follows:

    • Grade 1 tumors . These tumors contain only rare 
foci of immature neuroepithelial tissue occupy-
ing less than one low-power  fi eld in any slide.  
   • Grade 2 tumors . These tumors contain more 
immature neuroepithelial tissues, which 
occupy more than one but less than four low-
power  fi elds.  
   • Grade 3 tumors . These tumors contain abun-
dant neuroepithelial elements occupying more 
than four low-power  fi elds in any slide.    

e
Fig. 10.9 (continued)
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    10.12.1   Comments 

     1.    Immature ovarian teratomas may be associ-
ated with peritoneal glial nodules. These nod-
ules do not represent metastases of the ovarian 
tumor, yet they should be also graded 
microscopically.  

    2.    Multiple sections of the primary tumor and the 
peritoneal nodules must be submitted for 
proper grading.       

    10.13   Sex Cord: Stromal Tumors 

 Sex cord-stromal tumors account for less than 
10 % of all ovarian tumors. They are mostly 
benign but may also be malignant. This group of 
tumors includes adult and juvenile granulosa cell 
tumors, Sertoli-Leydig cell tumors,  fi bromas, 
thecomas, and sclerosing stromal tumors of the 
ovary. These tumors are usually not graded except 
for Sertoli-Leydig cell tumors. 
 All adult granulosa cell tumors are potentially 
malignant. Certain microscopic subtypes portend 
a more aggressive tumors growth. For example, 
adult granulosa cell tumors that are classi fi ed as 
diffuse (sarcomatoid) have a more aggressive 
behavior than microfollicular, macrofollicular, 
insular, or trabecular granulosa cell tumors. 
Juvenile granulosa cell tumors, if removed in 
stage I, have an excellent prognosis, but larger 
and more advanced tumors may progress and 
have a less favorable outcome. Microscopic grad-
ing has no clinical utility in either adult or juve-
nile granulose cell tumors, but larger tumors. 

 Ovarian thecomas and  fi bromas are generally 
benign tumors. Fibrosarcoma, the malignant 
equivalent of  fi broma, has all the features of 
malignancy and can be readily distinguished 
from the benign stromal tumors. 

    10.13.1   Sertoli-Leydig Cell Tumor 

 Sertoli-Leydig cell tumors account for less than 
1 % of all ovarian tumors. These tumors occur in 

several microscopic forms that predict their clini-
cal behavior (Prat 2004). Thus, the variants and/
or grades of Sertoli-Leydig cell tumors are as 
follows:

    • Well-differentiated Sertoli-Leydig cell tumor . 
This tumor consists of Sertoli cells arranged 
into tubules, surrounded by  fi brous stroma and 
solid nests of Leydig cells.  
   • Sertoli-Leydig cell tumors of intermediate dif-
ferentiation . This tumor contains large nests 
of polygonal Leydig surrounded by immature 
Sertoli cells. These two components may be 
focally intermixed, and the Sertoli cells may 
even form abortive tubules.  
   • Poorly differentiated Sertoli-Leydig cells (sar-
comatoid variant) . This tumor is composed 
predominantly of mitotically active, hyper-
chromatic, and anaplastic stromal cells and 
scattered foci of Leydig cells.  
   • Retiform Sertoli-Leydig cell tumor . These 
tumors resemble rete testis and are composed 
of inter-anastomosing clefts lined by cuboidal 
cells that often project into the lumen in form 
of papillae.  
   • Sertoli-Leydig cell tumors with heterologous 
elements . In about 20 % of cases, Sertoli-
Leydig cell tumors contain heterologous, epi-
thelial, or mesenchymal elements.    
 Most Sertoli-Leydig cell tumors are benign. 

Poorly differentiated tumors, which account for 
10 % of all tumors in this group, are malignant. 
Adverse prognosis is also heralded by the pres-
ence of heterologous stromal elements (e.g., 
rhabdomyosarcoma cells). 
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  11

          11.1   Introduction 

 Breast carcinoma is the most common malignant 
tumor in women in North America and Europe. 
Invasive mammary carcinoma and ductal carci-
noma  in situ  should be graded routinely in surgi-
cally removed or biopsied tissue samples. The 
grading of these tumors has considerable clinical 
signi fi cance.  

    11.2   Ductal Carcinoma In Situ 

 Ductal carcinoma in situ (DCIS) is considered a 
precursor of invasive carcinoma. Grading of 
DCIS is meaningful in predicting recurrence and 
guiding management. While there is no univer-
sally agreed-upon grading system for ductal car-
cinoma in situ, current practice is to grade DCIS 
on the basis of nuclear characteristics alone or in 
combination with necrosis. The architectural his-
topathologic features are not taken into account 
for grading of DCIS. 

 The grading system published in the most 
recent World Health Organization (WHO) mono-
graph is a three-tiered system based on nuclear 
grade alone  [  1  ] . It incorporates the basic tenets of 
the so-called Van Nuys grading scheme  [  2  ]  and 

the approach outlined by Scott et al.  [  3  ] , thus rep-
resenting the most recent re fi nement of the origi-
nal classi fi cation published by Lagios et al. in 
1989  [  4  ] . It divides DCIS into DCIS of low nuclear 
grade, DCIS of intermediate nuclear grade, and 
DCIS of high nuclear grade (Table  11.1 ). College 
of American Pathologists (CAP), in an effort to 
standardize all pathology reports, also recom-
mends specifying in the pathology report the 
nuclear grade and indicating the presence or 
absence of necrosis, instead of combining both 
features for an overall histologic grade  [  5  ] . 

    • Nuclear grade  (Table  11.1 ) is mainly based on 
the size of the nuclei, distribution of chroma-
tin, and the presence or absence of nucleoli. 
Nuclear pleomorphism, nuclear orientation, 
and mitoses are the additional features that are 
used in the grading as well.  
   • Necrosis  is either present or absent. If present, 
it typically involves the centrally located cells 
inside the ducts. Necrotic cells undergo kary-
orrhexis or pyknosis. These signs of cell death 
are associated with a loss of nuclear details, 
clumping of chromatin, and fragmentation of 
nuclei. The presence of necrosis is associated 
with the mammographic  fi nding of 
calci fi cations because necrosis tends to cal-
cify. CAP recommends  [  5  ]  reporting the pres-
ence of necrosis as central (“comedo”) or focal 
(punctate) (Fig.  11.4 ):

     – Central or  “ comedo ”  necrosis  – The cen-
tral portion of an involved duct is  fi lled 
with a solid expansive area of necrosis that 
is visible under low power view.  
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    – Focal or punctate  – The necrotic foci are 
small and may only be single-cell necrosis. 
It is not easily detected under low 
magni fi cation.    

 Necrosis must be distinguished from inspis-• 
sated eosinophilic secretions, hemorrhage, 
foam cells, or debris without karyorrhexis of 
tumor cells.    

    11.2.1   Ancillary Methods 

 Ancillary methods may be used but are not essen-
tial for grading of DCIS. They may be useful 
under certain circumstances to support the diag-
nosis and exclude other possibilities as follows:

   Immunohistochemical stains for myoepithe-• 
lial cells, including smooth muscle actin, cal-
ponin, and collagen IV, can be helpful in cases 
when invasion is suspected  [  6  ] .  
  Immunohistochemical stains for E-cadherin • 
and antibody 34 b E12 to high-molecular-
weight keratin can be helpful in differentiat-
ing low-grade solid type DCIS (E-cadherin 
positive, 34 b E12 negative) from lobular neo-
plasia (E-cadherin negative, 34 b E12 posi-
tive)  [  7  ] .  
  Immunohistochemical staining for estrogen • 
receptor (ER), progesterone receptor, and 
HER2 expression may be performed on DCIS 
for clinical purposes, not for diagnosis or 
grading. As for invasive carcinomas, these 
markers identify different molecular types of 
DCIS including “ER positive,” “HER2 posi-

tive,” and “triple negative”  [  8,   9  ] . The useful-
ness of this information with regard to 
prognosis or bene fi t from treatment is still 
under investigation  [  10  ] . Of note, the majority 
of DCIS cases (75–80 %) are ER positive.     

    11.2.2   Comments 

     1.    When more than one grade of DCIS is present, 
it should be noted in the diagnosis.  

    2.    The architectural pattern of ductal carcinoma 
in situ (comedo, cribriform, solid, papillary, 
and micropapillary) should be included in the 
pathology report because certain patterns 
carry independent prognostic signi fi cance 
 [  11  ] . DCIS of comedo type is associated with 
high risk of local recurrence and progression 
to invasive cancer. Micropapillary DCIS may 
be associated with more extensive disease in 
multiple quadrants.  

    3.    The status of resection margins and the extent 
(size) of DCIS are the other two important 
prognostic factors in the local control of DCIS 
and should be documented in the pathology 
report  [  1  ] .  

    4.    There is no consensus about the grading of 
uncommon types of DCIS, such as apocrine, 
clear cell, spindle cell, signet ring, and neu-
roendocrine types.  

    5.    One must document the presence of 
microcalci fi cations and correlate the micro-
scopic  fi ndings with mammographic  fi lms 
and/or specimen imaging data.       

   Table 11.1    Nuclear grade of ductal carcinoma in situ   

 Grade  Nuclear features 

 1.  The nuclei are small, round, and uniform. The nuclei of tumor cell are of the size as the red blood cell or 
slightly larger. Their diameter does not exceed by more than 1.5 times the diameter of normal red blood 
cells (1.5× RBC). The nuclei contain uniformly dispersed chromatin, and the nucleoli are not apparent. 
Mitoses are rare. The cells are polarized around small lumens or rosette-like structures (Fig.  11.1 )  

 2.  Tumor cell nuclei are enlarged, and their diameter is equivalent to 1.5–2 times the size of red blood cells 
(1.5× to 2× RBC). The chromatin is coarse, but the nucleoli are infrequently seen. There are sparse mitoses. 
Cell polarization around luminal spaces is present (Fig.  11.2 )  

 3.  Tumor cell nuclei have diameters greater than 2.5 red blood cells (×2.5 RBC). The nuclei are vesicular with 
clumped chromatin and irregular nuclear membrane. There are one or more prominent nucleoli. Mitotic 
 fi gures may be frequent, but their presence is not required for grading. Cells are not polarized around 
luminal spaces (Fig.  11.3 )  

  Adapted from Schnitt et al.  [  1  ]  and College of American Pathologists protocol  [  5  ]   
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    11.3   Lobular Carcinoma In Situ 

 Tavassoli has proposed a three-level scheme for 
stratifying lobular intraepithelial neoplasia (LIN 
1, LIN 2, and LIN 3)  [  12  ] . However, this approach 
has not been currently endorsed by the experts 

serving on the WHO panel on breast diseases 
 [  13  ] . Lobular neoplasia is divided into atypical 
lobular hyperplasia and lobular carcinoma in situ 
based on the extent of involvement of individual 
terminal ductal-lobular unit. There is no need for 
grading lobular carcinoma in situ.  

a

b

  Fig. 11.1    DCIS of low 
nuclear grade, cribriform 
architecture. ( a ) The ducts are 
distended by a monotonous 
population of cells with small 
round to oval nuclei. No 
central necrosis is present. 
( b ) The cells have small 
nuclei (1–1.5 red blood cells), 
dispersed chromatin, and 
inapparent nucleoli (nuclear 
grade 1)       
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    11.4   Invasive Mammary Carcinoma 

 The relationship between breast cancer morphol-
ogy or histology and survival was documented in 
1920s and 1930s. Greenhough and his colleagues 
were the  fi rst to propose the idea of histologic grad-
ing in 1925. These investigators reviewed 73 cases 
of radical mastectomy specimens and assessed 

eight morphological factors, including the degree 
of gland formation; the presence of secretory vacu-
oles, cell size, and nuclear size; the variation in the 
size of cells and nuclei; the degree of nuclear hyper-
chromatism; and the number of mitoses. Tumors 
were assigned a grade in a three-tier grading sys-
tem based on the overall evaluation of the above 
eight features. A clear association between tumor 
grade and 5-year “cure” was  demonstrated. It is fair 

a

b

  Fig. 11.2    DCIS of interme-
diate nuclear grade, cribri-
form architecture. ( a ) The 
overall pattern is similar to 
low-grade lesions. There is a 
central area of necrosis. 
( b ) The nuclei are moderately 
enlarged (1.5–2 red blood 
cells) with coarse chromatin 
and occasional prominent 
nucleoli (nuclear grade 2)       
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to say that all the current breast grading studies 
stem from this seminal work. 

 Patley and Scarff  [  14  ]  followed Greenhough’s 
method and developed their own grading sys-
tems, emphasizing on the amount of tubule for-
mation, variation in nuclear size, and 
hyperchromatism. They also found associations 
between grade and survival. However, the idea of 
breast grading did not gain much popularity 

among clinicians and pathologists at that time, in 
part, due to the complexity and subjectivity of the 
grading system and partly due to the limitation of 
treatment options corresponding to different 
grades of the tumor. 

 In 1950, Bloom (ironically, a radiotherapist) 
reviewed all literature on breast cancer grading 
and decided to follow the Patey and Scarff 
method. He divided tumors into low-, moderate-, 

a

b

  Fig. 11.3    DCIS of high 
nuclear grade, comedo type. 
( a ) Extensive central necrosis 
is surrounded by a rim of 
highly anaplastic tumor cells. 
( b ) The tumor cells have 
high-grade nuclei (greater than 
2.5 red blood cells in 
diameter) with marked 
pleomorphism, prominent 
nucleoli, and mitotic  fi gures 
(nuclear grade 3)       
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or high-grade malignancy according to the fol-
lowing three factors: (1) the degree of tubule for-
mation; (2) regularity in the size, shape, and 
staining character of the nuclei; and (3) nuclei 
hyperchromasia and mitotic activity. He found a 
clear correlation between tumor grading and 5- 
and 10-year survival. Following that, in 1957, 
Bloom and Richardson (a surgical research fel-
low at that time)  fi rst proposed a numerical scor-

ing system to facilitate the grading effort  [  15  ] . 
Each of the above three features was examined 
and given a score of 1, 2, or 3, with a total possi-
ble score of 3–9 points. Then the  fi nal grade was 
arbitrarily assigned as grade I if the score was 
3–5, II if the score was 6–7, and III if the score 
was 8–9. This method was subsequently recom-
mended by the experts of WHO in 1968 as the 
preferred grading system for breast cancer. 

a

b

  Fig. 11.4    Invasive well-
differentiated ductal 
carcinoma. ( a ) The majority 
of tumor forms well-recog-
nized tubules/glands (tubule 
formation >75 %, score 1). 
( b ) Tumor nuclei are small 
and uniform with minimal 
pleomorphism (nuclear grade 
1). Mitosis is rare (score 1). 
The  fi nal histological grade is 
3 out of a total score of 9, 
indicating a grade I (well 
differentiated) breast 
carcinoma       
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 In the mean time, Black and colleagues con-
cluded that only nuclear morphology is the most 
signi fi cant prognostic factor. His nuclear grade 
evaluation was based on the regularity of the 
nuclear outline, delicacy of chromatin and nucle-
oli, and presence and numbers of mitotic  fi gures. 
However, his  fi ve-grade grading system was in 
reverse numerical order to common practice in 
that, grades 0 and 1 representing most poorly dif-

ferentiated nuclei. In 1980, Fisher and coworkers 
modi fi ed Black’s nuclear grading system by 
reducing it to a three-grade system and reversing 
its numerical order to be consistent with other 
grading scheme. He then combined nuclear grade 
and tubule formation in evaluating histologic 
grade of a tumor. 

 In the early 1990s, Elston and Ellis  [  16  ]  reex-
amined the grading system and modi fi ed it by 

a

b

  Fig. 11.5    Invasive moder-
ately differentiated ductal 
carcinoma. ( a ) Tumor cells 
grow in solid cords and nests 
with occasional recognizable 
tubules/glands (tubule 
formation <10 %, score 3). 
( b ) Tumor nuclei are 
moderately increased in size 
with mild pleomorphism 
(nuclear grade 2). Rare 
mitoses are seen (2/10 
high-power  fi eld, 0.59  fi eld 
diameter, score 1). The  fi nal 
histological grade is 6 out of a 
total score of 9, indicating a 
grade II (moderately 
differentiated) breast 
carcinoma       
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combining the Bloom and Richardson’s approach 
with Black’s approach. Most importantly, Elston 
and Ellis  [  16  ]  deleted the term “nuclear hyper-
chromasia,” used previously in the Bloom and 
Richardson’s system, and also introduced an 
objective and numerical method for assessing the 
mitotic count. They also clearly de fi ned the crite-
ria for other two features, i.e., tubule formation 
and nuclear pleomorphism. This system, also 

referred to as Nottingham modi fi cation of the 
Bloom-Richardson system or Elston and Ellis’ 
modi fi cation of the Scarff-Bloom-Richardson 
method, soon gained popularity and currently is 
used worldwide. It has proven to hold up as a sta-
tistically signi fi cant clinical prognostic factor. 
The panel of experts of the WHO has endorsed it, 
recommending its usage in the pathology reports 
of all invasive breast cancers. 

a

b

  Fig. 11.6    Invasive poorly 
differentiated ductal 
carcinoma. ( a ) There is no 
evidence of glandular 
formation (tubule formation 
<10 %, score 3). ( b ) Tumor 
cells are large with marked 
pleomorphism (nuclear grade 
3). Numerous mitosis is seen 
with some atypical forms 
(more than 20 per 10 
high-power  fi eld, 0.59  fi eld 
diameter, score 3). The  fi nal 
histological grade is 9 out of a 
total score of 9, indicating a 
grade III (poorly differenti-
ated) breast carcinoma       
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 This semi-quantitative histologic grading 
system includes three components: evaluation 
of the extent of the formation of tubules and 
glands, estimation of the degree of nuclear 
 pleomorphism, and counting of mitoses 
(Table  11.2 ).  

    11.4.1   Ancillary Methods 

 Ancillary methods are not essential for grading 
of breast carcinoma but may be used for special 
purposes as follows:

   Immunohistochemical stains for epithelial and • 
myoepithelial markers can be helpful in cases 
when invasion is questionable.  
  Immunohistochemical stains for E-cadherin • 
can be helpful in differentiating invasive duc-
tal carcinoma (E-cadherin positive) from 
invasive lobular carcinoma (E-cadherin 
negative).  
  Immunohistochemical staining for estrogen • 
receptor, progesterone receptor, and HER2 
expression has prognostic and therapeutic 
values and should be performed in all inva-
sive carcinoma cases. Although these markers 
are not used in grading, almost all well-differ-
entiated and most moderately differentiated 
carcinomas are positive for estrogen receptor 
and progesterone receptor. Approximately 
75–85 % of invasive carcinomas are positive 
for estrogen receptor, and 15–20 % of inva-
sive carcinomas are positive for HER2 
overexpression.  
  It has been suggested to use Ki-67 as an objec-• 
tive substitute for mitotic counts in the grad-
ing system  [  18–  20  ] .  
  Measurement of the degree of genomic insta-• 
bility in breast carcinomas may improve the 
grading at the genetic level  [  21  ] .     

    11.4.2   Comments 

     1.    Nuclear grade is an independent prognostic 
marker in addition to the histologic grade and 
should be mentioned separately in the pathol-
ogy report.  

    2.    Mitotic  fi gures should be counted in ten con-
secutive high-power  fi elds in the most mitoti-
cally active area of the tumor. The size of 
high-power  fi eld must be determined for each 
microscope with the score categories assigned 
appropriately  [  17  ] . Only clearly identi fi able 
and unequivocal mitoses are counted. 
Apoptotic nuclei, especially those undergoing 
karyorrhexis, should not be confused with 
mitotic  fi gures.  

    3.    All invasive carcinomas, including invasive 
ductal carcinoma, invasive lobular carcinoma, 
and special types (medullary carcinoma, tubu-
lar carcinoma, mucinous carcinoma, etc.), are 
graded using this grading system.  

    4.    Molecular studies have shown that the low-
grade and high-grade tumors are different 
diseases with distinct molecular pathways 
 [  22,   23  ] .       

    11.5   Phyllodes Tumors 

 Phyllodes tumors are biphasic tumors character-
ized by lea fl ike structures lined by double-layered 
epithelial component surrounded by overgrowing 
hypercellular stroma. Depending on the cellular-
ity and atypia of the stromal component, phyl-
lodes tumors may have features of benign tumors 
and resemble  fi broadenomas or be malignant and 
share features with breast sarcomas. 

  Grading of phyllodes tumors  is described in 
detail in the WHO monograph  [  24  ] . On the basis 
of stromal cellularity, cellular pleomorphism, 
mitotic activity, the appearance of margins, and 
stromal distribution, the phyllodes tumors are 
divided into three groups and labeled as benign, 
borderline, and malignant:

    • Benign phyllodes tumor . These tumors show 
modest stromal cellularity, mild cellular pleo-
morphism, no or only few mitosis (<5 per 10 
HPF), and have well-circumscribed pushing 
margins. The stromal distribution in these 
tumors is uniform (Fig.  11.7a ).   
   • Borderline phyllodes tumor . These tumors 
show modest stromal cellularity, moderate 
cellular pleomorphism, and moderate mitotic 
activity (5–9/10 HPF) and have partially 
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in fi ltrative margins. There is stromal over-
growth, but it is typically uneven.  
   • Malignant phyllodes tumor . These tumors 
show marked stromal cellularity, marked cel-
lular pleomorphism, and numerous mitoses ( ³  
10/10HPF) and have widely invasive margins. 
Invariably they show marked stromal over-
growth (Fig.  11.7b ).    

    11.5.1   Ancillary Methods 

 Ancillary methods are not required for grading of 
phyllodes tumors. Immunohistochemical stains 
for several biomarkers, such as MIB-1 (Ki-67), 
p53, and VEGF, correlate with the tumor grade 
and may be valuable prognostic factors in malig-
nant phyllodes tumor  [  25–  27  ] .  

a

b

  Fig. 11.7    Phyllodes tumor. 
( a ) Benign phyllodes tumor. 
There is a lea fl ike structure 
lined by benign epithelium 
with underlying cellular 
stroma. The stroma is 
composed of uniform spindle 
cells with only rare mitoses. 
( b ) Malignant phyllodes 
tumor. The stroma is frankly 
sarcomatous and contains 
numerous mitotic  fi gures       
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    11.5.2   Comments 

     1.    The term “cystosarcoma phyllodes” is inap-
propriate and should be abandoned because 
most of these tumors follow a benign course, 
and thus the term sarcoma is misleading.  

    2.    Sampling of one block for every 1 cm of maxi-
mal tumor dimension is necessary for an accurate 
grading of phyllodes tumor due to the presence of 
structural variability in these tumors.  

    3.    Tumors should be graded according to the 
areas of highest cellularity and atypia.  

    4.    Stromal overgrowth is de fi ned as absence of 
epithelial elements in at least one low-power 
 fi eld (40×)  [  28  ] .  

    5.    It has been suggested that the mitotic count be 
related to the  fi eld diameter instead of high-
power  fi elds because the size of high-power 
 fi elds varies among microscopes  [  29  ] .  

    6.    In malignant phyllodes tumors, the epithelial 
component may only be identi fi ed after exam-
ining multiple sections due to overgrowth of 
the sarcomatous component.  

    7.    The sarcomatous component in malignant 
phyllodes tumor is usually  fi brosarcoma. 
However, heterologous differentiation includ-
ing liposarcoma, osteosarcoma, chondrosar-
coma, or rhabdomyosarcoma may occur, and 
such changes should be documented in the 
diagnostic report.     
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  12

          12.1   Introduction 

 Grading of tumors plays a less signi fi cant role in 
the hematopoietic and lymphoid systems than 
perhaps any other organ system. While grading 
was once an integral part of the classi fi cation of 
the non-Hodgkin’s lymphomas, it is now consid-
ered more relevant to give a precise classi fi cation, 
thereby imparting the information that the clini-
cian requires for prognostication and treatment 
planning. Nonetheless, there are selected neo-
plasms in which grading plays an accepted and 
sometimes important role. In the future, however, 
ancillary methods such as immunohistochemis-
try,  fl ow cytometry, and cytogenetics, already of 
great importance, as well as gene pro fi ling, will 
likely play an even increasingly critical role in 
determining prognosis and response to therapy in 
lymphoid and hematopoietic neoplasms.  

    12.2   Follicular Lymphoma 

 Grading of follicular lymphoma has been 
accepted as having clinical relevance for many 
years  [  1–  4  ] . However, the optimal method of 
grading and the speci fi c clinical implications 
have yet to be determined. The 2001 World 
Health Organization (WHO) Classi fi cation of 
Tumours of Haematopoietic and Lymphoid 
Tissues proposed a speci fi c methodology that, 
while not validated, provided a standardized 
methodology (Jaffe et al. 2001). Guidelines for 
how to apply the grading system were updated in 
the most recent WHO classi fi cation (Swerdlow 
et al. 2008), which has been used in clinical prac-
tice and correlated with the pathophysiology and 
cell biology of this form of lymphoma  [  5,   6  ] . 

    12.2.1   Grading System 

 According to the 2001 WHO classi fi cation, fol-
licular lymphoma is graded by counting the num-
ber of centroblasts in ten neoplastic follicles, 
expressed per 40× high-power microscopic  fi eld 
(hpf), based on a hpf of 0.159 mm 2  (Jaffe et al. 
2001). Centroblasts (also called large noncleaved 
cells) are large lymphoid cells with round to oval 
and occasionally indented nuclei, a vesicular 
chromatin pattern, one to three nucleoli usually 
situated at or near the nuclear membrane, and a 
narrow rim of cytoplasm. Centroblasts must be 
distinguished from large centrocytes (large 
cleaved cells), which also have large nuclei, but a 
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more angulated and elongated nucleus and a more 
condensed chromatin pattern, with inconspicu-
ous nucleoli, as well as follicular dendritic cells, 
which are often multinucleate and possess a  fi ner 
chromatin pattern, nucleoli which tend to be more 
centrally placed, and a  fi ner nuclear membrane. 

 The criteria for grade recommended by the 
WHO are as follows:

   Grade 1: 0–5 centroblasts/hpf (Fig.  12.1 )   
  Grade 2: 6–15 centroblasts/hpf (Fig.  12.2 )   

  Grade 3: >15 centroblasts/hpf
   (a)    Centrocytes still present (Fig.  12.3 )   
   (b)    Solid sheets of centroblasts (Fig.  12.4 )         

 The 0.159-mm 2   fi eld is derived from a micro-
scope with a 40× objective and an 18-mm  fi eld 
of view ocular. Appropriate adjustments must be 
made when using other magni fi cation  objectives 
or different-sized ocular  fi elds. Each high-power 
 fi eld should be counted within a different 
follicle, without selecting the follicles. 

  Fig. 12.1    Follicular 
lymphoma, grade 1. There is 
a great predominance of small 
cleaved lymphoid cells, with 
only a few centroblasts       

  Fig. 12.2    Follicular 
lymphoma, grade 2. There are 
scattered centroblasts among 
the small cleaved lymphoid 
cells       
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If discrete areas of grade 3 follicular lymphoma 
are present in a case that is otherwise of lower 
grade, a second grade is given, with the approxi-
mate amount of each grade reported as a 
percentage. 

 Diffuse variants of follicular lymphoma are 
graded 1 and 2, based on the identical criteria 
given above. There is no grade 3 diffuse variant 
of follicular lymphoma, as this is regarded as dif-
fuse large B-cell lymphoma.  

    12.2.2   Comments 

 Grades 1 and 2 follicular lymphoma are tradi-
tionally regarded as indolent or low-grade fol-
licular lymphoma, while grade 3 follicular 
lymphoma has been shown to behave in a more 
aggressive fashion and is usually regarded as 
intermediate grade. Since there are no convinc-
ing studies showing a signi fi cant difference in 
survival between grades 1 and 2, but many 

  Fig. 12.3    Follicular 
lymphoma, grade 3a. 
Although scattered small 
cleaved lymphoid cells are 
still present, there is a 
predominance of centroblasts       

  Fig. 12.4    Follicular 
lymphoma, grade 3b. 
Virtually all the cells in this 
neoplastic follicle are 
centroblasts, without small 
cleaved lymphoid cells       
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studies showing substantial interobserver dis-
agreement, the 2008 update to the WHO 
classi fi cation recommended that grades 1 and 2 
be combined into a “low-grade” category 
(Swerdlow et al. 2008). 

 The cytologic subtypes of grade 3 follicular 
lymphoma have not been shown to predict sur-
vival. Cytogenetic and other studies have sug-
gested that a signi fi cant subset of cases of grade 
3B follicular lymphoma may be more closely 
related to diffuse large B-cell lymphomas of ger-
minal center origin rather than other cases of fol-
licular lymphoma  [  7–  11  ] . This data is consistent 
with other studies showing that at least some 
cases of grade 3 follicular lymphoma have the 
potential for cure with aggressive therapy. 
However, at least one study found that grade 3B 
cases have a gene expression pro fi le closer to 
other cases of follicular lymphoma than diffuse 
large B-cell lymphoma  [  12  ] . The 2008 WHO 
classi fi cation recommends that one attempt to 
distinguish grade 3A from 3B cases (Swerdlow 
et al. 2008). 

 The presence of diffuse areas may have an 
adverse impact on survival, particularly in grade 
3 neoplasms  [  11  ] . Transformation (progression 
to a large B-cell lymphoma) may occur in up to 
one-third of patients and usually is an ominous 
 fi nding. 

 There has been a proposal for a revision of the 
follicular lymphoma international prognostic 
index, based on a variety of clinical factors  [  13  ] . 
As yet, there is no comparison between this index 
and histologic grading in providing prognostic 
information for the individual patient.   

    12.3   Mantle Cell Lymphoma 

 While there is no formal grading system, cases 
of mantle cell lymphoma can be divided into 
classic and blastic (blastoid) types (Jaffe et al. 
2002). Cases of classic mantle cell lymphoma 
have a median survival of about 4–5 years, with 
the majority not curable. In most studies blastic 
mantle cell lymphoma has a poor prognosis, 
with a median survival usually less than 
2 years. 

    12.3.1   Grading System 

 Classical mantle cell lymphoma is composed of a 
relatively monotonous population of small- to 
medium-sized lymphoid cells, in either a diffuse, 
vaguely nodular, or mantle zone distribution. The 
lymphoid cells have irregular nuclear outlines, a 
relatively mature lymphoid chromatin pattern 
with inapparent or inconspicuous nucleoli, and 
an inapparent rim of cytoplasm (Fig.  12.5 ). The 
mitotic rate usually averages about 20 per 10 hpf. 
Rare variants may show features mimicking the 
cells of chronic lymphocytic leukemia/small 
lymphocytic lymphoma or a marginal zone B-cell 
lymphoma.  

 There are two main types of blastic mantle 
cell lymphoma. In the more frequent type, termed 
by some classic or lymphoblastoid, the cells have 
a close morphologic resemblance to the cells of 
precursor lymphoblastic leukemia/lymphoma, 
with a very  fi ne chromatin pattern, inapparent or 
inconspicuous nucleoli, and an inapparent rim of 
cytoplasm (Fig.  12.6 ). The mitotic rate is greater 
than 30 per 10 hpf and usually averages 50 per 10 
hpf. In the second type, termed by some pleo-
morphic or large cell, the cells are usually more 
heterogeneous, with a spectrum from cell resem-
bling those found in typical cases of mantle cell 
lymphoma to larger cells with larger cleaved to 
oval nuclei, clearly discernible nucleoli, and a 
rim of pale cytoplasm (Fig.  12.7 ). Other cases 
feature the presence of large blast-like cells and 
may be virtually indistinguishable from some 
cases of diffuse large B-cell lymphoma. Thus, 
the grading of mantle cell lymphoma is given 
below:  

   Mantle cell lymphoma
   Typical  • 
  Blastic• 

   Classic/lymphoblastoid   –
  Pleomorphic/large cell            –

    12.3.2   Ancillary Methods 

 Cyclin D1 immunohistochemical staining, while 
not absolutely sensitive or speci fi c, is most use-
ful in con fi rming the diagnosis of mantle cell 
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lymphoma. Demonstration of evidence of a 
t(11;14) by molecular studies may also be useful. 
P27 staining may be useful in the distinction 
between typical and blastic variants of mantle cell 
lymphoma, as it is usually negative in typical man-
tle cell lymphoma and positive in blastic mantle 
cell lymphoma  [  14  ] . Blastic variants of mantle cell 
lymphoma also tend to have frequent bcl-1 rear-

rangements at the major translocation cluster 
region, tetraploid chromosome clones, and 
increased incidence of p53 mutations and overex-
pression  [  15,   16  ] . Gene array studies have shown 
that blastic cases have a lower expression of cas-
pase 7, but an increased expression of TOP1 and 
CDK4 as compared to other cases of mantle cell 
lymphoma  [  17  ] .  

  Fig. 12.5    Mantle cell 
lymphoma, typical type. 
There is a relatively 
homogeneous population of 
small lymphoid cells with a 
relatively mature chromatin 
pattern but de fi nite 
 abnormalities of the nuclear 
membrane       

  Fig. 12.6    Mantle cell 
lymphoma, classical blastic 
type. The cells are very 
uniform and have a blastic 
chromatin pattern, mimicking 
a lymphoblastic neoplasm       
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    12.3.3   New Developments 

 Gene expression microarray studies have provided 
a precise measurement of tumor cell proliferation, 
provided by the expression of proliferation signa-
ture genes, identifying patient subsets that differed 
by more than 5 years in median survival  [  18  ] .  

    12.3.4   Comments 

     1.    When considering a diagnosis of blastic man-
tle cell lymphoma, it is important to rule out a 
lymphoblastic malignancy; cyclin D1 and ter-
minal deoxyribonucleotide transferase (TdT) 
stains are very useful, and the former is highly 
speci fi c for mantle cell lymphoma, while the 
latter is highly speci fi c for lymphoblastic 
malignancies.  

    2.    The large cell variant of mantle cell lymphoma 
may be easily mistaken for a large B-cell lym-
phoma. Cyclin D1 staining should be per-
formed in any diffuse large B-cell lymphoma 
with unusually “cleaved” appearing nuclei or 
with a relatively evenly dispersed chromatin 
pattern.  

    3.    Approximately 10–15 % of cases of mantle 
cell lymphoma will be of the blastic 
subtype.       

    12.4   Classical Hodgkin Lymphoma, 
Nodular Sclerosis Type 

 Hodgkin lymphoma is currently divided into 
nodular lymphocyte predominant and classical 
types (Jaffe et al. 2002). Classical Hodgkin 
 lymphoma, which represents greater than 95 % 
of cases, is subdivided into nodular sclerosis, 
mixed cellularity, lymphocyte rich, and lympho-
cyte depleted forms. With modern therapy, there 
are no signi fi cant differences in prognosis 
between the different subtypes. The nodular scle-
rosis subtype represents approximately two-
thirds of all cases of classical Hodgkin lymphoma. 
Therefore, there has been some interest in trying 
to establish a grading system that can distinguish 
prognostically signi fi cant subgroups within this 
large group of patients. The most successful grad-
ing system has been that proposed by the British 
National Lymphoma Investigation. 

    12.4.1   Grading System 

 The British National Lymphoma Investigation 
grading of nodular sclerosis classical Hodgkin 
lymphoma is as follows  [  19–  22  ] :

   Grade 1: All cases not meeting the criteria for 
grade 2 (Fig.  12.8 ).   

  Fig. 12.7    Mantle cell 
lymphoma, pleomorphic 
blastic type. The lymphoid 
cells are of the size of a large 
cell lymphoma, but have a 
 fi ne chromatin pattern       
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  Grade 2:
    1.    More than 25 % of the cellular nodules show 

reticular or pleomorphic lymphocyte deple-
tion (Fig.  12.9 ); or   

    2.    More than 80 % of the cellular nodules show 
the  fi brohistiocytic variant of lymphocyte 
depletion; or  

    3.    More than 25 % of the nodules contain numer-
ous bizarre and highly anaplastic-appearing 

Hodgkin’s cells without depletion of lympho-
cytes (sheets of cells  fi lling a 40× hpf).         

    12.4.2   Comments 

     1.    Grade 2 nodular sclerosis is somewhat similar to 
what has been termed nodular sclerosis with 
 lymphocyte depletion in some studies  [  21  ]  and 

  Fig. 12.8    Classical Hodgkin 
lymphoma, nodular sclerosis, 
type 1. Note the scattered 
lacunar Hodgkin cells, which 
do not form sheets       

  Fig. 12.9    Classical Hodgkin 
lymphoma, nodular sclerosis, 
type 2. There is a focus of 
necrosis, surrounded by 
sheets of lacunar Hodgkin 
cells       
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overlaps with what has been termed the syncytial 
variant of nodular sclerosis in other studies  [  23  ] .  

    2.    This system is somewhat hard to learn, although 
some studies have shown good reproducibility.  

    3.    Some studies have shown that the 
patients classi fi ed as grade 2 have a signi fi cantly 
worse prognosis than those patients classi fi ed 
as grade 1, although other studies have not 
con fi rmed this  fi nding. In general, large 
 numbers of patients must be studied for an 
effect on prognosis to be demonstrated.  

    4.    This grading scheme has, in general, not been 
extensively used in daily practice. The WHO does 
not require its use for routine clinical purposes.       

    12.5   Mycosis Fungoides: Lymph 
Node Involvement 

 Mycosis fungoides is a distinctive cutaneous T-cell 
lymphoma. Aside from skin, lymph nodes are the 
most common site of involvement. Clinical stage 
represents the single most important prognostic 
factor, with stage II representing enlargement of 
lymph nodes, but no involvement histologically, 
and stage III representing lymph node involve-
ment documented by histology. Unfortunately, it 
is extremely dif fi cult to establish a histologic diag-
nosis of mycosis fungoides involving lymph 
nodes, particularly when enlarged lymph nodes 
in these patients generally show extensive 

dermatopathic changes. As a way of establishing, 
several groups of investigators have established a 
histologic grading system for the assessment of 
lymph nodes in patients with mycosis fungoides, 
as a way of communicating degree of certainty in 
the diagnosis. 

    12.5.1   Grading System 

 The grading system includes three categories 
 [  24,   25  ] :
     Category I: No involvement by mycosis 

fungoides
   LN-0: Reactive changes are present, but no • 
atypical lymphocytes are evident.  
  LN-1: Only a few atypical lymphoid cells • 
are noted in the paracortex (Fig.  12.10 ).   
  LN-2: Atypical lymphocytes occur both singly • 
or in small clusters, generally of fewer than 
three to six cells in the paracortex (Fig.  12.11 ).      

    Category II: Early involvement by mycosis 
fungoides

   LN-3: Large clusters of atypical lympho-• 
cytes, generally in aggregates of 15 or 
more cells, are interspersed between and 
tend to separate the paracortical histio-
cytes, often accompanied by large immu-
noblastic cells (Fig.  12.12 ).      

    Category III: Massive involvement by myco-
sis fungoides

  Fig. 12.10    Lymph node 
involvement by mycosis 
fungoides, category I, LN-1. 
Only scattered atypical 
lymphoid cells are seen       
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   LN-4: Partial or complete obliteration of • 
architecture by atypical lymphocytes is 
evident (Fig.  12.13 ).         

    12.5.2   Ancillary Techniques 

 Immunohistochemical studies are of limited utility 
in establishing a diagnosis of lymph node involve-
ment by mycosis fungoides  [  26  ] . Most commonly, 
aberrant loss of CD7 is seen, but this is not 

completely speci fi c for mycosis fungoides. Clonal 
T-cell receptor gene rearrangements can be 
detected in a subset of cases of Category I, usually 
those in LN-2, and in the large majority of cases of 
Category II and III  [  27–  30  ] . Some studies have 
suggested that the identi fi cation of clonal T-cell 
populations in Category I lymph nodes may 
adversely impact prognosis. Therefore, this test is 
recommended in all Category I lymph nodes, and 
positive results may be utilized to upstage the 
patients.  

  Fig. 12.11    Lymph node 
involvement by mycosis 
fungoides, category I, LN-2. 
Clusters of atypical lymphoid 
cells are present       

  Fig. 12.12    Lymph node 
involvement by mycosis 
fungoides, category II, LN-3. 
Numerous atypical lymphoid 
cells are seen, but it is still 
within the context of 
dermatopathic lymphadenitis       
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    12.5.3   Comments 

     1.    Patients with mycosis fungoides as well as 
other skin diseases often show changes of 
extensive dermatopathic lymphadenopathy, 
due to disruption of the skin barrier. This con-
dition is marked by a proliferation of 
Langerhans cells and other dendritic cells, his-
tiocytes, and lymphoid cells. Many of these 
lymphoid cells may have irregular nuclear 
contours, mimicking the atypical cells seen in 
mycosis fungoides  [  31  ] .  

    2.    Scattered immunoblasts may be seen in der-
matopathic lymphadenopathy, associated or 
unassociated with mycosis fungoides. However, 
when sheets of immunoblasts are present, one 
must consider the possibility of involvement by 
mycosis fungoides with large cell transforma-
tion, an ominous development associated with 
a signi fi cantly decreased survival period  [  32  ] .       

    12.6   Myelodysplastic Syndromes 

 The myelodysplastic syndromes represent a group 
of clonal hematopoietic stem cell diseases charac-
terized by abnormal and inef fi cient hematopoiesis 
in one or more of the major hematopoietic cell 
lineages. There may be an increase in the percent-
age of myeloblasts, but the presence of 20 % or 

more blasts indicates a diagnosis of acute leuke-
mia rather than a myelodysplastic syndrome. The 
recent WHO classi fi cation recognizes seven 
speci fi c morphologic subtypes and acknowledges 
an additional category of myelodysplastic syn-
drome, unclassi fi ed (Jaffe et al. 2002). These sub-
types can be strati fi ed into three risk groups based 
on the duration of survival and incidence of evolu-
tion to acute leukemia. Thus, these risk groups 
represent a kind of grading system. 

    12.6.1   Grading System 

 The currently used grading system recognizes 
three categories: low-grade, intermediate-grade 
and high-grade lesions. 

 The group of low-grade forms of myelodys-
plastic syndromes includes the following:

    • Refractory cytopenia with unilineage dysplasia : 
unilineage dysplasia affecting one of the three 
hematopoietic lines, most commonly the eryth-
roid lineage, with myeloblasts <1 % in the blood 
and <5 % in the bone marrow (Fig.  12.14 )   
   • Refractory anemia with ringed sideroblasts 
(RARS) : unilineage dysplasia affecting the 
erythroid lineage, with myeloblasts absent 
from blood and <5 % in the bone marrow and 
in which there are >15 % ringed sideroblasts 
in the bone marrow (Fig.  12.15 )   

  Fig. 12.13    Lymph node 
involvement by mycosis 
fungoides, category III, LN-4. 
There is architectural 
effacement by sheets of 
atypical lymphoid cells       
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   • Myelodysplastic syndrome associated with 
isolated del(5q) chromosome abnormality (5q 
syndrome) : a clonal proliferation character-
ized by an isolated del(5q) abnormality in 
which there are <5 % myeloblasts in the blood 
and bone marrow (Fig.  12.16a, b )  

 The group of intermediate-grade forms of 
myelodysplastic syndromes includes the 
following:

     – Refractory cytopenia with multilineage 
dysplasia (RCMD) : dysplasia in >10 % of 
the cells in two or more of the myeloid cell 

lineages, with <5 % myeloblasts in the 
marrow, absent Auer rods, and <15 % 
ringed sideroblasts (Fig.  12.17 )   
    – Refractory anemia with multilineage dys-
plasia and ringed sideroblasts (RCMD-RS) : 
same as above with >15 % ringed sidero-
blasts in the bone marrow. 
   – Refractory anemia with excess blasts-1 
(RAEB-1) : Unilineage or multilineage dys-
plasia with <5 % blasts in the blood, 5–10 % 
blasts in the bone marrow, <1 × 10 9 /L 
monocytes, and absent Auer rods 
(Fig.  12.18 ).  

  Fig. 12.14    Refractory cytopenia with unilineage dyspla-
sia. The erythroid series shows mild nuclear-to-cytoplas-
mic dyssynchrony. The myeloid series is  left  shifted but 
not dysplastic and there are no blasts       

  Fig. 12.15    Ringed sideroblasts are characterized by a 
concentric distribution of  fi ne  blue  granules in this 
Prussian blue stain       

a b  Fig. 12.16    Isolated 
5q- syndrome. ( a ) The bone 
marrow core biopsy is slightly 
hypercellular and shows 
erythroid and megakaryocytic 
hyperplasia. ( b ) The 
megakaryocytes are typically 
unilobated in this entity       
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 The group of high-grade forms of myelodys-
plastic syndromes includes the following. 

   – Refractory anemia with excess blasts-2 
(RAEB-2) : Unilineage or multilineage 
 dysplasia with 5–19 % blasts in the blood, 
10–19 % blasts in the bone marrow, and 
<1 × 10 9 /L monocytes (Fig.  12.19 ).         

    12.6.2   Ancillary Studies 

 Cytogenetics has been shown to be an important 
prognostic indicator in the myelodysplasia  [  33  ] . This 
variable has been combined with the percentage of 
blasts and the presence of various cytopenias to 
derive a scoring system  [  34  ] . Favorable prognosis 
cytogenetics include -Y, del (5q), del (20q), and nor-
mal cytogenetics; poor prognosis cytogenetics 
include complex (>3) or chromosome 7 abnormali-
ties, while intermediate prognosis cytogenetics 
include all other clonal abnormalities.  

    12.6.3   Comments 

     1.    In addition to the hematologic  fi ndings and 
cytogenetics, age has been found to be a 
 predictor of survival, with improved survival 
seen in patients of younger age.  

    2.    The median survival is approximately 
5–6 years in RA, RARS, and 5q- syndrome; 
3 years in RCMD and RCMD-RS; 1.5 years 
for RAEB-1; and 1 year for RAEB-2.  

    3.    Although this classi fi cation appears to recog-
nize discrete disease entities, this is more 
appearance than re fl ecting biologic processes; 
therefore, some  fl exibility is required. As the 
natural history is that of progression, one from 
a lower grade entity to a higher grade entity as 
well as from myelodysplastic syndrome to 
acute leukemia, the disease process should be 
reevaluated each time additional  fi ndings 
appear.     

  Fig. 12.17    Refractory 
cytopenia with multilineage 
dysplasia. The marrow shows 
markedly dyssynchronous 
maturation in the myeloid and 
erythroid cells but no increase 
in blasts       

  Fig. 12.18    RAEB-1. The dysplastic changes include mild 
nuclear-to-cytoplasmic dyssynchronous maturation in the 
erythroid and myeloid series. A rare blast is present       

  Fig. 12.19    This case of RAEB-2 shows marked dyspla-
sia in the myeloid and erythroid series and an increased 
number of blasts       
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  13

          13.1   Introduction 

 Tumors of the soft tissues and bones form a het-
erogeneous group that includes on one hand com-
mon benign neoplasms and, on the other less 
common, variably malignant neoplasms (sarco-
mas). Recent advances in molecular and cell 
biology have considerably in fl uenced the present 
clinical approach to these tumors. As the 
classi fi cations of these tumors and most notably 
soft tissue sarcomas constantly change and are 
re fi ned by the addition of new data, the grading 
of soft tissue and bone sarcomas remains a work 
in progress  [  1,   2  ] . Accordingly we shall present 
only the most established grading systems used 
in daily surgical pathology practice.  

    13.2   Soft Tissue Sarcomas 

 Grading of soft tissue sarcomas (STS) had been 
controversial for years, primarily because of 
uncertainty of how to uniformly apply the grading 
principles to the diverse variety of soft tissue neo-
plasms and how to weigh the importance of factors 
such as differentiation level, mitotic rate, and tumor 
necrosis. The system that was introduced in 1984 
by Costa et al.  [  3  ] , later known as the National 
Cancer Institute (NCI) system, was widely used 
in the USA. The grading system proposed by 
French Federation of Cancer Centers (Federation 
Nationale des Centres de Lutte Contre le Cancer, 
FNCLCC)  [  4,   5  ]  has gained considerable popular-
ity in many countries of Europe and according to 
some accounts is the most widely used system  [  6  ] . 
It is also validated by the largest number of patients 
studied and its reproducibility tested with a large 
number of participating pathologists  [  7  ] . 

 The prognostic value of the NCI and FNCLCC 
systems were compared in a series of 410 adult 
patients with soft tissue sarcomas with follow-up 
 [  8  ] . The prognostic value of both systems was 
examined using univariate and multivariate 
(Cox’s model) analyses, and special attention 
was devoted to tumors with discordant grades. In 
univariate analysis, both the NCI and FNCLCC 
systems were of prognostic value to predict 
metastasis development and tumor mortality. In 
multivariate analysis, high-grade tumors, irre-
spective of the system used, size  ³ 10 cm, and 
deep location were found to be independent prog-
nostic factors for the advent of metastases. Tumor 
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grade had a higher predictive value than size or 
depth, and higher prognostic weight was assigned 
to the FNCLCC grading system in Cox’s models. 
Grade discrepancies were observed in 34.6 % of 
the cases. An increased number of grade 3 STS, a 
reduced number of grade 2 STS, and a better cor-
relation with overall and metastasis-free survival 
within subpopulations with discordant grades 
were observed in favor of the FNCLCC system. 

 Many issues remain unresolved in both of 
these systems  [  2,   9  ]  and neither FNCLCC nor 
NCI system has been formally endorsed by either 
the World Health Organization (WHO) or the 
Association of Directors of Anatomic and 
Surgical Pathology (ADASP)  [  10  ] . However, the 
French system which is more precisely de fi ned 
appears as the more reproducible system for 
practicing pathologists  [  2  ] . 

  French Federation of Cancer Centers 
(FNCLCC) grading system  of soft tissue sarco-
mas of adults is based on the total score obtained 
from the summation of points for three factors: 

differentiation, mitotic rate, and tumor necrosis 
(Table  13.1 ).  

 Each soft tissue sarcoma type has been 
assigned 1–3 points for differentiation based on 
the histologic type and level of differentiation 
(so-called differentiation score, Table  13.2 ). 
The mitotic count per 10 high-power  fi elds is 

   Table 13.1    Grading system a  of the French Federation of 
Cancer Centers   

 Score 

  Tumor differentiation  (according 
to Table  13.2 ) 

 1–3 

 Well-differentiated tumors  1 
 De fi ned histogenetic types  2 
 Poorly differentiated tumors and 
unde fi ned histogenetic types 

 3 

  Mitotic count  
 0–9/10 hpf  1 
 10–19/10 hpf  2 

  ³ 20/10 hpf  3 

  Tumor necrosis  
 None  0 

  £ 50 %  1 

 >50 %  2 
  Histologic grade   Sum of the 

preceding scores 
 I  2 or 3 
 II  4 or 5 
 III  6, 7, or 8 

  Modi fi ed from Guillou et al.  [  7  ]  
 Abbreviations:  hpf  high-power  fi eld 
  a This grading system formulates the overall grade based 
on total points of scores from tumor differentiation, 
mitotic rate, and tumor necrosis  

   Table 13.2    Tumor differentiation score (according to 
the updated version of the French Federation of Cancer 
Centers grading system)   

  Differentiation score 1  
 Well-differentiated sarcoma ( fi brosarcoma, liposar-
coma, leiomyosarcoma, chondrosarcoma), well-differ-
entiated MPNST a  
  Differentiation score 2  
 Conventional  fi brosarcoma 
 Myxoid sarcomas (MFH, liposarcoma, 
chondrosarcoma) 
 Storiform-pleomorphic MFH 
 Conventional leiomyosarcoma 
 Well-differentiated malignant hemangiopericytoma 
 Conventional angiosarcoma 
 Conventional MPNST 
  Differentiation score 3  
 Poorly differentiated  fi brosarcoma 
 Giant cell and in fl ammatory MFH 
 Round cell liposarcoma 
 Pleomorphic sarcomas (liposarcoma, leiomyosarcoma) 
 Rhabdomyosarcoma (except spindle cell in children) 
 Poorly differentiated and epithelioid angiosarcoma 
 Triton tumor, epithelioid MPNST 
 Extraskeletal mesenchymal chondrosarcoma 
 Extraskeletal osteosarcoma 
 Ewing family tumors 
 Synovial sarcoma 
 Clear cell sarcoma 
 Epithelioid sarcoma 
 Alveolar soft part sarcoma 
 Malignant rhabdoid tumor 
 Conventional malignant hemangiopericytoma 
 Poorly differentiated MPNST 
 Undifferentiated sarcoma 
 Dedifferentiated liposarcoma b  

  Modi fi ed from Coindre  [  5  ]  and Guillou et al.  [  7  ]  
 Abbreviations:  MPNST  malignant peripheral nerve sheath 
tumor,  MFH  malignant  fi brous histiocytoma 
  a See Comment 1    in Sect  13.2.1  
  b Low-grade dedifferentiation in liposarcomas may be seen 
in minority of cases, but the survival rates do not 
signi fi cantly differ between high- and low-grade dediffer-
entiation  [  11  ]   
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used to assign an additional 1–3 points, and the 
extent of tumor necrosis (absent, less than half 
of submitted tumor material or more than half 
of tumor material) provides for the  fi nal 0–2 
points. The sum of the all points then deter-
mines the tumor grade (2 or 3 points for 
low grade (grade I), 4 or 5 points for intermedi-
ate grade (grade II), and 6 or more points for 
high grade (grade III)).  

 Examples of a low-grade and a high-grade 
myxo fi brosarcoma are shown in Fig.  13.1 .  

  The Pediatric Oncology Group  grading sys-
tem for nonrhabdomyosarcomatous soft tissue 
sarcomas in children  [  12  ]  addresses issues 
speci fi c for childhood sarcomas and is given in 
Table  13.3 . It signi fi cantly relies on histologic 
type as the basis for grade, especially for low-
grade (grade 1) and high-grade (grade 3) neoplasms. 

a

b

  Fig. 13.1    Myxoid tumors. 
( a ) Low-grade myxosarcoma. 
( b ) High-grade myxosarcoma       
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It also incorporates the extent of necrosis and 
mitotic counts as grading parameters in some 
(but not all) histologic types as follows:

    • Grade 1 pediatric tumors.  This group is 
de fi ned by certain histologic types alone, 
regardless of their cytologic features, amount 
of necrosis, or mitotic activity.  
   • Grade 2 pediatric tumors.  This group is 
formed for tumors that do not belong to group 
1 or group 3 by virtue of histologic diagnosis 
or the fact that they have <5 mitoses/10 hpf 
and or <15 % geographic necrosis.  
   • Grade 3 pediatric tumors.  This group contains 
certain tumors known to be clinically aggres-
sive by virtue of histologic diagnosis and non-
grade 1 tumors with >4 mitoses/10 high-power 
 fi elds or >15 % necrosis.    

 This grading system may result in underesti-
mating the potential of cellular myxoid liposar-
coma, which is placed unconditionally in the 
low-grade group.  

    13.2.1   Comments 

     1.    Although grading could in principle be applied 
to any sarcoma type, it has been speci fi cally 
validated for only the more common tumors, 
especially spindle cell sarcomas. For malig-
nant peripheral nerve sheath tumors, grading 
was not found to provide signi fi cant prognos-
tic information in the most recent FNCLCC 
series  [  5  ] . However, Wong et al.  [  13  ]  reported 
that tumor size, grade, and histologic subtype 
were independent predictive factors for distant 
disease control in a series of 134 cases of 
MPNST.  

    2.    There are no studies to address the grading of 
rare sarcomas, such as epithelioid sarcoma, 
clear cell sarcoma, and alveolar soft part sar-
coma. However, assuming low mitotic rate 
and limited if any necrosis, these tumors 
would generally be assigned an intermediate 
grade, given their differentiation scores of 3.  

    3.    Limited or inadequate sampling impairs the 
accuracy of grading and can make it impracti-
cable. Ideal sampling is generally considered 
to be one histologic section per each centime-
ter of greatest tumor diameter. Needle biop-
sies or other small biopsies can only give a 
minimum grade due to the potentially nonran-
dom distribution of mitoses, necrosis, and 
overall differentiation. Because gross sam-
pling of tumors is frequently biased against 
the inclusion of necrosis, the percentage of 
necrosis is often underestimated from histo-
logic sections. The most accurate estimate on 
necrosis would ideally be made based on gross 
observations, radiologic studies, or by ran-
domized sampling.  

    4.    Counting of mitoses has not been universally 
standardized, and there is considerable inter-
observer variability as to what constitutes a 
mitotic  fi gure. Sometimes karyorrhectic debris 
and pyknotic or apoptotic nuclei may be 

   Table 13.3    The Pediatric Oncology Group grading sys-
tem for nonrhabdomyosarcomatous soft tissue sarcomas 
of children   

  Grade 1  
 Dermato fi brosarcoma protuberans 
 Infantile  fi brosarcoma, well differentiated (children not 
over age 4 years) 
 Infantile hemangiopericytoma, well differentiated 
 Well-differentiated and myxoid liposarcoma 
 Well-differentiated MPNST 
 Extraskeletal myxoid chondrosarcoma 
 Angiomatoid (malignant)  fi brous histiocytoma 
  Grade 2  
 Sarcomas not included in grades 1 and 3 with <15 % of 
necrosis with no more than 5 mitoses/10 hpf 
 No marked atypia, no markedly high cellularity a  
 Includes noninfantile  fi brosarcomas, poorly differenti-
ated infantile  fi brosarcomas, leiomyosarcomas, and 
MPNSTs  fi tting these criteria 
  Grade 3  
 Round cell and pleomorphic liposarcoma 
 Mesenchymal chondrosarcoma 
 Extraskeletal osteosarcoma 
 Malignant triton tumor 
 Alveolar soft part sarcoma 
 Sarcomas not included in grade 1 with >15 % of 
necrosis or with >5 mitoses/10 hpf 

  Modi fi ed from Parham et al.  [  12  ]  
 Abbreviations:  MPNST  malignant peripheral nerve sheath 
tumor,  MFH  malignant  fi brous histiocytoma,  hpf  high-
power  fi eld 
  a Marked atypia and cellularity may also result in assign-
ment into grade 3  
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counted. Also, mitotic  fi gures in nonneoplas-
tic components should be excluded. The 
obtained counts may also depend on micro-
scope  fi eld size; the number of counted  fi elds 
should be adjusted keeping in mind that the 
 fi eld size of 0.174 mm 2  was used to establish 
the grading system. The level of effort in 
screening the sections for mitotically most 
active areas and section thickness may also 
in fl uence the mitotic counts.  

    5.    De fi nition of tumor necrosis can be problem-
atic. In the FNCLCC grading system, necrosis 
related to ulceration, surgery, or hemorrhage 
has been excluded for consideration.  

    6.    Grading is generally not practicable in post-
chemotherapy or post-radiation specimens, as 
the treatment tends to reduce mitotic counts, 
increase necrosis, and sometimes seemingly 
induce differentiation or cause selection for 
more differentiated components.  

    7.    Different tumor types in the same histologic 
grade can markedly vary in their metastatic 
potential. This is perhaps most evident in the 
low-grade (Grade 1) tumors. For example, 
well-differentiated lipoma-like liposarcomas 
have no metastatic potential, whereas even the 
best-differentiated or least cellular variants of 
myxoid liposarcoma have signi fi cant meta-
static potential.  

    8.    Tumor stage is a description of extent of 
tumor, and it also incorporates grade as one 
element, as de fi ned in the current TNM and 
the American Joint Committee for Cancer 
Staging System for Soft Tissue Sarcomas; the 
two systems have merged. The other elements 
of stage are tumor size (whether over 5 cm or 
not), depth (whether super fi cial/suprafascial 
or deep/infrafascial), and localized or dissemi-
nated (presence or absence of lymph node and 
distant metastases).  

    9.    Some histopathologic characteristics other 
than those used in the grading may be prog-
nostically important. Status of surgical mar-
gins is one of the strongest predictors of local 
recurrence in soft tissue tumors, and the pres-
ence of vascular invasion whether intratumoral 
or extratumoral has been shown as an adverse 
prognostic factor for some tumor types  [  14  ] .  

   10.    Numerous studies have suggested cell cycle 
parameters to have prognostic signi fi cance 
 [  15,   16  ] . Among these, proliferation index 
by Ki-67 analogs detecting cells that have 
entered the cell cycle and immunohistochem-
ically determined p53 (over)expression are 
reported to have prognostic signi fi cance, but 
there is no data to support the systematic 
application of these results to the diagnosis 
and grading of sarcomas, in general.  

   11.    Gene expression cDNA arrays will very likely 
provide additional parameters of assessing the 
biologic potential of soft tissue sarcomas, in 
addition to their contribution toward biologi-
cally more accurate tumor classi fi cation  [  17–  20  ] . 
Many of these parameters could be assessable 
by tissue immunohistochemistry, as it has 
been already shown to be feasible for some 
leiomyosarcomas  [  21  ] .  

   12.    Gene expression studies, combined with muta-
tion analyses, can also identify potential thera-
peutic targets in soft tissue sarcomas. Similar 
treatments will probably become available for 
other soft tissue sarcomas in the future. The 
growing availability of new and often tumor-
speci fi c treatments emphasizes importance of 
accurate classi fi cation and grading.  

   13.    Separate from grading, a  managerial 
classi fi cation  has been introduced for soft 
tissue tumors (see Kempson et al. 2001). 
This divides different tumor types into clini-
cally benign, intermediate, and sarcoma cat-
egories. Each category is subdivided into 
subcategories based on expected frequencies 
of recurrence or metastasis and generally 
advisable treatment types.  

   14.    Recently, nomograms which assess multiple 
clinical and histologic parameters including 
tumor size, site, depth, histologic type, grade 
(low vs. high), and patient age have been 
used to extrapolate prognosis  [  22  ] .       

    13.3   Bone Tumors 

 Bone tumors are a heterogeneous group includ-
ing neoplasms of bone-forming, cartilaginous, 
and other mesenchymal cells. There is no uni fi ed 
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histologic grading system for bone sarcomas 
 [  23  ] , but the overall emphasis is on a multidisci-
plinary approach involving not only pathologists 
but also radiologists and orthopedic surgeons and 
molecular biologists (for discussion, see Fletcher 
et al. 2002). There are also radiology-based grad-
ing systems that principally assess the tumor 
aggressiveness by cortical destruction and scle-
rotic versus permeative margins. 
 Perhaps the best developed grading system for 
bone sarcomas is the one used by Mayo Clinic 
 [  24  ] . This system has adapted the principles of 
Broders, who originally described grading for 
squamous cell carcinoma of lip and subsequently 
applied it to  fi brosarcoma. The elements of grad-
ing are as follows:

   Cellularity (the relative ratio of cells to extra-• 
cellular matrix)  
  Nuclear atypia (enlargement, hyperchromasia, • 
and irregularity of nuclear contours)  
  Mitotic count  • 
  Presence and extent of tumor necrosis    • 
 Representative, well-processed, and sectioned 

material should be used for grading. Grading 
should be carefully preceded by histologic diag-
nosis and assessment whether benign or malig-
nant based on synthesis of histologic, clinical, and 
radiologic information. Histologic grading can 
generally be applied to pretreatment material only. 
The grading applies to osteosarcoma,  fi brosarcoma, 
malignant  fi brous histiocytoma, leiomyosarcoma, 
chondrosarcoma, and hemangioendothelioma/
angiosarcoma. According to the Mayo Clinic 
 system, osteosarcoma,  fi brosarcoma, and MFH 
are assigned grades 1–4, and chondrosarcoma and 
angiosarcoma/hemangioendothelioma are assigned 
grades 1–3. 

 For clinical purposes, bone tumors are best 
classi fi ed as low-grade and high-grade sarcomas 
as follows:

    • Low-grade sarcomas.  These tumors are gen-
erally characterized by low level of nuclear 
atypia, abundant extracellular matrix (e.g., 
collagen, osteoid, mineralized bone, and carti-
laginous matrix), and low to moderate cellu-
larity. Occasional mitoses are found.  
   • High-grade sarcomas.  These tumors are cellu-
lar and produce variable amounts of abnormal, 

immature, and disorganized matrix. The neo-
plastic cell populations are often pleomorphic 
or anaplastic, and mitotic activity is often brisk. 
Necroses are prominent.    
 Microscopic grade is required for the evalua-

tion and staging of bone sarcomas according to 
the American Joint Committee on Cancer 
(AJCC), which recognizes  fi ve categories as 
listed in Table  13.4 . For sake of expediency the 
clinical designation should also be included.  

 Some bone tumor types are assigned grade 
by histologic type alone, either because there is 
limited variation within the tumor type or because 
attempted grading has not yielded prognosti-
cally signi fi cant information (Table  13.5 ). Some 
speci fi c types of osteosarcoma and chondrosarco-
mas are also by de fi nition classi fi ed as low or high 
grade. Multiple myeloma and lymphomas of the 
bone are exempted from grading.  

  Osteosarcoma.  On the basis of clinical-patho-
logic data, osteosarcomas can be divided into 
three major groups as follows:

   Conventional (central or medullary) osteosar-• 
coma. These tumors occur in several histologic 
forms including osteoblastic, chondroblastic, 
 fi broblastic, telangiectatic, small cell, giant 
cell rich, and epithelioid osteosarcomas.  
  Intramedullary (central) well-differentiated • 
osteosarcoma.  
  Surface (cortical and parosteal) osteosarcoma.    • 
 The grade of osteosarcoma is to a large extent 

determined by subtype (Table  13.6 ). Most conven-
tional central (medullary) osteosarcomas are high-
grade lesions. Low-grade central osteosarcomas 
occur infrequently. The opposite is true for cortical 
and parosteal lesions, among which low-grade 
variants, such as parosteal osteosarcoma, dominate. 
Periosteal osteosarcoma, a rare subtype that typi-
cally features chondroblastic differentiation, often 
with high-grade features, is exempted from grad-
ing; this tumor has a rather favorable prognosis.  

 Microscopic features of high-grade and low-
grade osteosarcomas are illustrated in Figs.  13.2  
and  13.3 .   

  Chondrosarcoma.  Several systems for grading 
chondrosarcomas have been proposed, but none of 
them has been generally accepted (for discussion, 
see Fletcher et al. 2002). Once the malignant 
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nature of the cartilage forming neoplasm is estab-
lished based on correlation between radiologic, 
clinical, and histopathologic evidence, grading 
should be performed based on cellularity, cyto-
logic features of the chondrocytes, and mitotic 
activity  [  25–  27  ] . Necrosis can be seen, particularly 
in high-grade neoplasms. Conventional chondro-
sarcomas are graded on a scale of 1–3: 60 % are 
grade 1, 35 % grade 2, and 5 % grade 3. Clear cell 
chondrosarcoma is low grade and mesenchymal 
chondrosarcoma is high grade by de fi nition:

    • Grade 1 chondrosarcoma.  These tumors have 
well-developed chondroid matrix resulting in 

low cellularity, which is nevertheless higher than 
that of typical enchondromas (Fig.  13.4a ). The 
chondrocyte nuclei are small, round, and densely 
staining. Some nuclei may be slightly enlarged 
and contain nucleoli. Isolated areas with some 
pleomorphism are not indicative of a higher 
grade, as long as there is no increased cellularity 
and mitotic activity. The peripheral margins are 
irregular and in fi ltrative rather than round and 
well circumscribed. Myxoid degeneration of 
matrix is considered to be helpful in distinguish-
ing low-grade chondrosarcoma from enchon-
droma  [  27  ] . All clear cell chondrosarcomas are 
considered to be low-grade tumors  [  28  ] .   
   • Grade 2 chondrosarcoma.  These tumors are 
moderately cellular (Fig.  13.4b ). The nuclei 
are twice the size of normal chondrocytes and 
there are occasional mitoses (less than 2 per 
10 hpf). The nuclei have irregular contours 
and appear either hyperchromatic or vesicular 
with clearly visible nucleoli. Binucleate cells 
are readily found. Cellularity is particularly 
prominent at the edges of the tumor lobules.  
   • Grade 3 chondrosarcomas.  These tumors are 
hypercellular and show mitotic activity in excess 
of 2 per 10 hpf (Fig.  13.4c ). High cellularity and 
pleomorphism may obscure the chondroid 
nature of some of these tumors. The nuclei are 
hyperchromatic, contain nucleoli, and show 
prominent pleomorphism. Bizarre multinucle-
ated cells may be present. Mesenchymal chond-
rosarcoma and dedifferentiated chondrosarcoma 
are by de fi nition considered to be high-grade 
tumors and are included in this group.    
  Other spindle cell sarcomas.     Primary osseous 

 fi brosarcomas, malignant  fi brous histiocytomas, and 
leiomyosarcomas may be graded in a manner simi-
lar to those already described for their soft tissue 
counterparts, although 3-tier grading could be 
modi fi ed to a 4-tier system All these tumors are rare, 
and the microscopic grade does not seem to in fl uence 
the clinical course of the disease and prognosis of 
these tumors. Angiosarcoma, whose low-grade vari-
ants are often termed as hemangioendotheliomas, 
has a spectrum for low to high grade. Grading is 
based on the degree of vasoformation and endothe-
lial cell atypia, with necrosis and the degree of 
mitotic activity also being factors. 

   Table 13.4    Grading according to the AJCC classi fi cation 
of bone tumors   

 Grade  Microscopic designation  Clinical designation 

 GX  Grade cannot be assessed  – 
 G1  Well differentiated  Low-grade tumor 
 G2  Moderately differentiated  Low-grade tumor 
 G3  Poorly differentiated  High-grade tumor 
 G4  Undifferentiated a   High-grade tumor 

  Modi fi ed from American Joint Committee on Cancer 
(2010) AJCC cancer staging handbook, 7th edn. Springer, 
New York 
  a Ewing sarcoma is always assigned to the G4 group  

   Table 13.5    Primary bone tumors other than osteo- and 
chondrosarcoma that are exempted from formal grading 
but sometimes assigned a de fi nitional grade   

 Low grade by 
de fi nition 

 High grade by 
de fi nition 

 Exempted from 
grading 

 Adamantinoma  Ewing family of 
tumors 

 Myeloma 
 Chordoma a   Lymphoma 

   a Transformation into high-grade tumors can occur, and 
occasionally some tumors are high grade from inception  

   Table 13.6    Grading principles for osteosarcoma   

 Low grade by de fi nition a   High grade by de fi nition a  

 Parosteal osteosarcoma b   Conventional medullary 
osteosarcoma 

 Low-grade central 
(medullary) osteosarcoma 

 High-grade surface 
osteosarcoma 
 Telangiectatic 
osteosarcoma 
 Small cell osteosarcoma 

   a Low-grade tumors are divided into grades 1 and 2 and 
high-grade tumors into grades 3 and 4 subjectively based 
on cellularity and atypia 
  b High-grade dedifferentiation may occur  



166 Z. Gatalica et al.

    13.3.1   Comments 

     1.    Microscopic examination of osteosarcomas 
provides limited predictive information about 
the response of a particular tumor to che-
motherapy and radiotherapy. Recently it has 
been reported that immunohistochemistry 
with the antibodies to P16 could predict bet-
ter a favorable response of osteosarcomas to 
therapy, thus enabling the therapeutic team to 

 distinguish responder (de fi ned as more than 
90 % necrosis) from nonresponders  [  29  ] .  

    2.    Grading of chondrosarcomas is marred by 
considerable interobserver variability, and 
new approaches are explored to improve the 
diagnosis and grading of these tumors  [  27  ] .  

    3.    The contributions of molecular biology stud-
ies to the grading of bone tumors and sarco-
mas in general are promising but still hard to 
evaluate objectively  [  30,   31  ] .  

a

b

  Fig. 13.2    High-grade 
osteosarcoma. ( a ) The tumor 
contains scant extracellular 
matrix. ( b ) The tumor 
contains well-developed 
extracellular matrix, but the 
cells show prominent 
hyperchromasia and 
pleomorphism of their nuclei       
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  Fig. 13.3    Low-grade 
parosteal osteosarcoma. The 
tumor cells are enclosed in a 
well-developed matrix       

  Fig. 13.4    Chondrosarcoma. ( a ) Grade 1 
tumor composed of relatively uniform 
cells with small nuclei. The cells are 
enclosed by well-developed matrix. 
( b ) Grade 2 tumor shows increased 
cellularity. The tumor cell nuclei are 
enlarged and show mild to moderate 
pleomorphism and hyperchromasia. 
( c ) Grade 3 tumor. This tumor is 
composed of spindle-shaped atypical 
large cells that bear almost no resem-
blance to cartilage cells         

a
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    4.    Models for treatment and prognosis of sar-
comas, like the “Sving” model (acronym 
for Size, Vascular Invasion, Necrosis, and 
Growth pattern), have been devised without 
explicit reference to tumor grading  [  32  ] . This 

 multimodality approach appears promising, 
but the initial data need to be validated. It 
remains to be determined if the microscopic 
grading of sarcomas could be used to re fi ne 
such models.     

b

c

Fig. 13.4 (continued)
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  14

          14.1   Introduction 

 Skin tumors are the most common neoplasms in 
humans. Though rarely graded, they are often 
subtyped. The clinical behavior of some subtypes 
may vary from that of others, and these differ-
ences in outcome and prognosis form the basis 
for assigning them a pathological grade. I will 
discuss in this chapter the grading and subtyping 
of basal cell carcinoma, squamous cell carci-
noma, and melanocytic neoplasms.  

    14.2   Basal Cell Carcinoma 

 Basal cell carcinoma (BCC) is the most common 
cutaneous malignant neoplasm in Caucasians. It 
is considered a malignant neoplasm because it 
may produce extensive local tissue destruction, 
but it almost never metastasizes. It has a predilec-
tion for the head and neck region of the elderly, 
but may occur in other sites as well. It is com-
prised of basaloid cells that demonstrate hair 
follicle-like differentiation. Though not formally 
graded, basal cell carcinomas can be subtyped 
into categories associated with a low and high 
risk of local recurrence. 

    14.2.1   Subtypes of Basal Cell 
Carcinoma 

 Numerous subtypes of BCC have been described 
in the literature. Most cases can be reported as 
one of  fi ve subtypes associated with either a low 
or high risk of local persistence and tissue destruc-
tion. Most basal cell carcinomas are comprised of 
a mixture of subtypes. Only super fi cial and nodu-
lar subtypes occur as pure populations.

    • Super fi cial basal cell carcinoma (low risk).  
The predominant growth pattern in 28 % of 
BCC, either as the sole growth pattern or 
admixed with other growth patterns. Super fi cial 
BCC presents as an erythematous patch with a 
predilection for the trunk and extremities. 
Biopsies demonstrate small follicle-like buds 
of basaloid cells arising from the epidermis 
and limited to the papillary dermis (Fig.  14.1 ). 
There are often signs of regression in the pap-
illary dermis between tumor buds consisting 
of  fi brosis, dilated blood vessels, loss of adn-
exa, and a perivascular in fi ltrate of lympho-
cytes and plasma cells  [  1  ] .   
   • Nodular basal cell carcinoma (low risk).  The 
predominant growth pattern in 60 % of BCC, 
either as the sole growth pattern or admixed 
with other growth patterns. Nodular BCC pro-
duces raised pearly nodules with a predilec-
tion for the head and neck. Histopathology 
demonstrates expansile round to oval circum-
scribed nodules of basaloid cells, some dis-
continuous with the epidermis and associated 
with epidermal elevation (Fig.  14.2 ). Cystic, 
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cribriform, or necrotic changes may be pres-
ent within the tumor cell aggregates, but the 
periphery of the tumor aggregates is smooth 
and circumscribed.   
   • In fi ltrating basal cell carcinoma (high risk).  
The predominant growth pattern in 8 % of BCC. 
Usually it is admixed with a nodular BCC growth 

pattern. It is characterized by irregular stellate 
dermal tumor aggregates with spiky contours 
(Fig.  14.3 ). Peritumoral mucinous stroma with 
epithelial-stromal clefting is less common than 
in super fi cial or nodular BCC. Some in fi ltrating 
BCCs acquire a  fi brosing stroma comprised of 
eosinophilic collagen.   

  Fig. 14.2    Nodular basal cell 
carcinoma is a raised lesion 
comprised of nodular dermal 
tumor aggregates, some of 
which are not contiguous with 
the epidermis       

  Fig. 14.1    Super fi cial basal 
cell carcinoma is a  fl at lesion 
comprised of small aggregates 
of basaloid cells that bud from 
the epidermis and are 
separated by intervening 
zones of regression comprised 
of in fl ammation and 
telangiectasias       
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   • Morpheic basal cell carcinoma (high risk).  The 
predominant growth pattern in 2 % of BCC. It 
shares many features of in fi ltrating BCC, but the 
tumor aggregates are comprised of narrow 
strands  £ 2 cells thick (Fig.  14.4 ). In comparison 
with the in fi ltrating BCC, it often shows more 
prominent loss of peritumoral mucinous stroma 

or acquisition of an eosinophilic  fi brosing 
stroma. Sometimes the peritumoral stroma is 
comprised of thick hyalinized collagen bundles 
similar to those of a keloid; such cases are 
termed “sclerosing basal cell carcinomas.”   
   • Micronodular basal cell carcinoma (high risk).  
The predominant growth pattern in 2 % of BCC. 

  Fig. 14.3    In fi ltrating basal 
cell carcinoma is comprised of 
irregular dermal tumor 
aggregates with spiky 
contours       

  Fig. 14.4    Morpheic/
sclerosing basal cell carci-
noma is comprised of widely 
in fi ltrating narrow strands of 
basaloid cells, sometimes with 
keloidal collagen       
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It is de fi ned by small round tumor aggregates 
<0.15 mm in diameter that widely in fi ltrate the 
reticular dermis and are not associated with peri-
tumoral mucinous stroma or epithelial-stromal 
clefting (Fig.  14.5 ). There is usually no signi fi cant 
 fi bro-in fl ammatory reaction to the in fi ltrating tumor 
cells.      

    14.2.2   Comments 

    Signs of tumor regression that are transected • 
in a surgical specimen should be considered 
evidence of a positive margin.  
  Pleomorphic tumor cells, necrosis, and high • 
mitotic index are sometimes seen in basal cell 
carcinomas, but do not impact prognosis and are 
not incorporated into tumor grade or subtype.  
  The key to accurate diagnosis of micronodular • 
basal cell carcinoma is not only the small widely 
in fi ltrative nests of tumor cells but also the 
absence of a signi fi cant stromal reaction to the 
tumor cells.      

    14.3   Squamous Cell Carcinoma 

 Squamous cell carcinoma (SCC) is the second 
most common malignant cutaneous neoplasm 
 [  2–  8  ] . Approximately 2,500 patients in the United 

States die annually from metastatic cutaneous 
SCC. It is an epithelial neoplasm comprised of 
keratinocytes that recapitulate epidermal differen-
tiation. They are often graded as well, moderately, 
and poorly differentiated. Poor differentiation is 
recognized by the American Joint Commission on 
Cancer (AJCC) as a high-risk feature and incor-
porated into tumor staging.

    • Well-differentiated SCC.  Sharply demarcated, 
it is composed of relatively uniform ovoid 
nests of squamoid cells with abundant dense 
eosinophilic cytoplasms. Less than 25 % cells 
are hyperchromic showing a high nuclear-
cytoplasmic ratio. Tumor cells form rare kera-
tin pearls comprised of whorls of parakeratin. 
There is minimal single-cell invasion.  
   • Moderately differentiated SCC.  These tumors 
show greater variation in size and shape of 
nests. Approximately 25–75 % cells are hyper-
chromic with high nuclear-cytoplasmic ratios. 
Nuclear atypia is more pronounced with occa-
sional coarse irregular clumping of nucleo-
plasm, more striking nuclear hyperchromasia, 
and more single-cell invasion. Keratin pearls 
comprised of parakeratin are present, but horn 
cysts comprised of orthokeratin are absent.  
   • Poorly differentiated SCC.  These tumors are 
comprised of more than 75 % hyperchromic 
cells showing a high nuclear- cytoplasmic 
ratio. Poorly differentiated SCC widely 

  Fig. 14.5    Micronodular basal 
cell carcinoma is comprised 
of small nodules of tumor 
cells that widely in fi ltrate the 
dermis and are not associated 
with stromal clefting 
or  fi bromyxoid tumor stroma       
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in fi ltrates the skin with little nesting. There 
may be extensive single-cell invasion of 
the underlying dermal connective tissue 
or deeper soft tissues. Keratinization is 
often inconspicuous and cytologic atypia is 
prominent.    

    14.3.1   Subtypes of Squamous Cell 
Carcinoma 

 Squamous cell carcinoma subtypes can be also 
categorized as low risk (<2 % risk of metastasis) 
and high risk (>10 % risk of metastasis):

    • Actinic squamous cell carcinoma (low risk).  
This by far is the most common form of SCC. 
It is induced by ultraviolet light and related to 
sun exposure. Typically, this form of SCC 
develops from actinic keratosis and has a pre-
dilection for the face, dorsal hands, and scalp. 
They mimic actinic keratoses at the cellular 
level but demonstrate architectural signs of 
dermal invasion such as a desmoplastic stromal 
reaction; undermining growth beneath normal 
epithelium; jagged, irregular borders; and 
extension into the reticular dermis (which can 
be demarcated as the area below the insertion 
point of the sebaceous gland in a hair follicle). 
Solar elastosis is always present.  

   • Verrucous SCC (low risk).  These tumors are 
sometimes associated with HPV and have a 
 predilection for anogenital and plantar skin and 
the oral mucosa. They have a verrucous silhou-
ette and are comprised of bland squamous epithe-
lium invading the underlying dermis/submucosa 
(Fig.  14.6 ). This invasion is best demonstrated by 
comparing the tumor depth to the epithelial-
stromal interface in the  fl anking skin/mucosa.   
   • Invasive Bowen disease (high risk).  Bowen dis-
ease is an intraepidermal carcinoma comprised 
of crowded pleomorphic cells with hyperchro-
matic nuclei forming bizarre mitoses at all lev-
els of the epidermis. Tumor cells are haphazardly 
arranged, though sparing of a “picket fence” 
basal cell layer may be seen and is helpful in 
differentiating Bowen disease from poorly dif-
ferentiated actinic keratosis. Bowen disease is 
rarely (<5 %) associated with dermal invasion, 
which typically presents in form of nests of 
basaloid cells, often with central comedonecro-
sis (Fig.  14.7 ). These nests may exhibit adnexal 
differentiation. Metastases are found in 13–20 % 
of patients.   
   • SCC arising in damaged skin/Marjolin’s ulcer 
(high risk).  Both exogenous (thermal burn) 
and endogenous skin injury (discoid lupus 
erythematosus, lichen sclerosis, stasis ulcer) 
increases the future risk of SCC in the  damaged 

  Fig. 14.6    Verrucous 
squamous cell carcinoma is a 
large bulky tumor with a 
papillated surface comprised 
of aggregates of bland-appearing 
tumor cells that invade deeply 
into the skin       
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  Fig. 14.7    Invasive Bowen 
disease is a high-grade form of 
squamous cell carcinoma that 
is comprised of crowded 
pleomorphic and hyperchromic 
cells that form invasive tumor 
aggregates, sometimes with 
central comedonecrosis and 
adnexal differentiation       

skin. SCC arising in damaged skin is associ-
ated with signi fi cant risk of lymph node 
metastases, which are found in 30–50 % of 
patients. Metastatic SCC is poorly responsive 
to chemotherapy or radiotherapy.  
   • Spindle cell SCC (high risk).  A rare, 
extremely poorly differentiated sarcomatoid 
form of SCC that is comprised of elongated 
spindle cells that widely in fi ltrate the dermis. 
There is extensive single-cell invasion with 
little evidence of squamous differentiation 
(Fig.  14.8 ). Spindle cell SCC may mimic 
melanoma or sarcoma, and the diagnosis 
often requires immunohistochemical demon-
stration of high-molecular-weight cytokeratin 
(e.g., with the antibody to keratin 34 b -E12). 
Antibodies to p63, which is expressed in 
squamous cell carcinomas but not in sarco-
mas, are also useful  [  9  ] .   
   • Desmoplastic SCC (high risk).  This rare form 
of SCC consists of widely in fi ltrating trabecu-
lar cords of tumor cells best seen at the periph-
ery of the tumor, where they are associated 
with a brisk desmoplastic stromal reaction  [  8  ] . 
Desmoplastic SCC mimics morpheic BCC, 
from which it differs by showing keratin pearl 
formation and single-cell keratinization. 
Epithelial-stromal clefts seen in BCC are not 

found in desmoplastic SCC. Lymph node 
metastases occur in 22 % of patients.  
   • Adenosquamous carcinoma (high risk).  
This very rare subtype of SCC demonstrates 
mixed squamous and glandular differentiation 
(Fig.  14.9 ). Glandular differentiation can be 
con fi rmed with mucicarmine, cytokeratin 7, 
or CEA. Local recurrence rates between 22 
and 26 % are reported, though distant metas-
tases are rare.      

    14.3.2   Comments 

     1.    Two or more high-risk features upgrade SCC 
from T1 to T2 in the 2010 AJCC staging 
classi fi cation. High-risk features include poor 
differentiation, perineural invasion, location 
on the ear or hair-bearing lip, Breslow thick-
ness >2 mm, and Clark level  ³ IV.  

    2.    Though tumor thickness is probably the most 
important predictor of behavior of cutaneous 
SCC, it is rarely reported by pathologists. 
SCC <2 mm in thickness almost never metas-
tasizes, SCC between 2 and 5 mm in thick-
ness gives rise to metastases in 5 % of patients, 
and SCC >5 mm in thickness produces metas-
tases in 20 % of patients. Pathologists should 
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  Fig. 14.9    Adenosquamous 
carcinoma is a biphasic form 
of squamous cell carcinoma 
that includes a complement 
of gland-forming cells       

  Fig. 14.8    Spindle cell 
squamous carcinoma may be 
morphologically indistin-
guishable from desmoplastic 
melanoma and cutaneous 
sarcoma; diagnosis depends 
upon identifying usual SCC in 
a part of the tumor or 
demonstrating keratin or p63 
expression by 
immunohistochemistry       

 

 



178 G.R. Fraga

consider reporting tumor thickness in SCCs, 
particularly in those with a Breslow thickness 
>2 mm or subcutaneous invasion.  

    3.    Though commonly considered a variant of 
SCC, there is experimental, clinical, and 
molecular evidence suggesting keratoacan-
thoma is a distinct follicular neoplasm rather 
than a subtype of SCC.  

    4.    Adenosquamous carcinoma should not be 
confused with cutaneous mucoepidermoid 
carcinoma or acantholytic SCC, both of which 
are less aggressive than adenosquamous carci-
noma. Cutaneous mucoepidermoid carcino-
mas form goblet and intermediate cells without 
true glands. Acantholytic SCC is mucicarmine 
negative and forms pseudo-glands in nests of 
acantholytic tumor cells.  

    5.    Bowen disease usually involves adnexal epithe-
lium and may show extensive downward growth 
along adnexa, producing a thick neoplasm that 
extends deeply into the dermis. Bona  fi de inva-
sive Bowen disease is very rare and requires 
unequivocal dermal invasion by tumor nests, 
not simply  fl orid adnexal involvement.       

    14.4   Melanocytic Nevus 

 Melanocytic nevi are common benign cutaneous 
neoplasms comprised of melanocytes. They can 
be grouped into acquired, predominantly epider-
mal proliferations likely derived from epidermal 
melanocytic stem cells and congenital, predomi-
nantly dermal proliferations derived from dermal 

melanocytic stem cells  [  10  ] . Clark and coworkers 
described a subtype of melanocytic nevus, the 
dysplastic nevus, which they regarded as a precur-
sor to melanoma  [  11  ] . The dysplastic nevus 
remains highly controversial. It is no longer con-
sidered a direct precursor to melanoma, though 
patients with a large number of dysplastic nevi are 
at higher risk for melanoma. Grading of atypia in 
dysplastic nevi is widespread, though it has been 
challenged on grounds of poor reproducibility, 
inconsistent criteria, and questionable signi fi cance 
 [  10,   11  ] . Proponents of grading atypia in dysplas-
tic nevi cite studies demonstrating a higher inci-
dence of a prior diagnosis of melanoma in patients 
with dysplastic nevi that sport high-grade atypia. 
Opponents of grading atypia note that many of the 
nuclear criteria used to denote high-grade atypia 
overlap with expected  fi ndings in Spitz, pleomor-
phic, and senescent nevi. Assessment of atypia in 
dysplastic nevi is a personal choice, though for 
those that opt to do so, a two-tiered system is 
probably more meaningful and reproducible than 
a three-tiered grading system. High-grade atypia 
should not be used as a crutch for cases in which 
the pathologist is unsure whether a melanocytic 
neoplasm is benign or malignant. In such cases, 
an expert opinion may be required, particularly if 
the lesion is >1 mm thick or forms dermal mitoses 
or expansile dermal nests.

    • Dysplastic nevus with low-grade atypia.  This 
melanocytic nevus (also known as Clark nevus) 
is comprised of melanocytes (Fig.  14.10 ). Some 
of these melanocytes have nuclei larger than 
those of nearby keratinocytes. They exhibit 

  Fig. 14.10    Dysplastic/Clark 
nevus is a super fi cial 
proliferation of melanocytes 
with broad intraepidermal 
“shoulders” of melanocytes 
that often extend beyond a 
minor central dermal 
component, elongated rete 
ridges that may be fused, and 
periretal  fi brosis, 
in fl ammation, and 
telangiectasias       

 



17914 Tumors of the Skin

a mostly intraepidermal growth pattern with 
peripheral extension of the epidermal melano-
cytes three or more rete ridges beyond a central 
dermal complement of melanocytes (“shoulders”). 
There are elongated and interconnected rete 
ridges, usually with a preponderance of singly 
dispersed melanocytes which are aligned along 
the tips and edges of the rete ridges. There 
is relative sparing of the suprapapillary epi-
dermal arcs, mild  fi bro-in fl ammatory expan-
sion of the papillary dermis, and few dermal 
melanophages.   
   • Dysplastic nevus with high-grade atypia.  This 
diagnosis is used for melanocytic nevi with the 
above features and three or more of the follow-
ing nuclear abnormalities: threefold variation in 
size (anisokaryosis), prominent nucleoli, hyper-
chromatism, and/or irregular membranes.    

    14.4.1   Comments 

     1.    A grading system for atypical Spitz tumors in 
children and adolescents has been proposed 
 [  12,   13  ] . Spitz tumors can be divided into 
low-, intermediate-, and high-risk groups by a 
point system based on age at diagnosis greater 
than 10 years, tumor surface diameter greater 
than 10 mm, ulceration, involvement of the 
subcutaneous panniculus, and  ³ 6 mitoses/
mm 2 . Increasing risk is correlated with likeli-
hood of lymph node involvement. However, 
the great majority of children with atypical 
Spitz tumors and nodal metastases do not 
exhibit progressive disease or fatal outcomes, 
and the signi fi cance of a positive lymph node 
in these patients is controversial.       

    14.5   Melanoma 

 Melanoma is a malignant neoplasm of melano-
cytes. It is estimated that approximately 70,000 
individuals in the United States will be diagnosed 
with invasive melanoma in 2012 and that approx-
imately 8,800 individuals will die of melanoma 
in 2012. Most melanomas can be subclassi fi ed as 
lentigo maligna melanoma, super fi cial spreading 

melanoma, acral lentiginous melanoma, and nod-
ular melanoma  [  14–  18  ] . Melanoma subtypes do 
not have independent prognostic signi fi cance and 
are generally not utilized in therapeutic decision-
making. However, some investigators have found 
differences in growth rates, and melanoma sub-
type may be a surrogate for tumor grade. 

    14.5.1   Subtypes of Melanoma 

     • Lentigo maligna melanoma (extremely low 
grade).  Including in situ forms of melanoma, len-
tigo maligna melanoma comprises approximately 
55 % of all melanomas. The median age of onset 
is in the eighth decade and there is a predilection 
for chronically sun-exposed sites such as the face. 
It is de fi ned histopathologically by a preponder-
ance of small, singly dispersed hyperchromic 
melanocytes with a propensity for growth along 
adnexa, effacement of the rete ridge pattern, and 
signs of sun damage such as solar elastosis and 
epidermal atrophy (Fig.  14.11 ).   
   • Acral lentiginous melanoma (low grade).  It 
comprises 3 % of melanomas. Approximately 
10–20 % of these tumors are associated with 
 c-KIT  gene mutations. They are located on acral 
skin and represent the most common form of 
melanoma in patients with skin of color. They 
are characterized by a proliferation of small mel-
anocytes with angulated hyperchromic nuclei 
along the dermoepidermal junction (Fig.  14.12 ). 
The proliferation is often associated with an 
obscuring lymphocytic in fi ltrate, acanthosis, and 
extension of malignant cells along sweat ducts.   
   • Super fi cial spreading melanoma (intermediate 
grade).  These tumors account for approximately 
30 % of all skin melanomas and they often have 
 BRAF  gene mutations. Median age of onset is 
in the  fi fth decade and there is a predilection for 
intermittently sun-exposed sites such as the trunk 
and extremities. Histopathologically they are 
de fi ned by scattering of enlarged melanocytes in 
the spinous layer of the epidermis and an intra-
epithelial complement of malignant melanocytes 
that extends at least 3 rete ridges beyond any 
 dermal complement of malignant melanocytes 
(Fig.  14.13 ).   
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   • Nodular melanoma (high grade).  These tumors 
account for 4 % of all skin melanomas. Their 
median age of onset is in the seventh decade. 
Their distribution is random and not correlated 
with sun exposure. Malignant melanocytes typically 

form a dermal nodule (Fig.  14.14 ). Malignant 
melanocytes do not extend laterally beyond three 
rete ridges to either side of the nodule. Malignant 
epidermal melanocytes may be absent in so-
called primary dermal melanomas.      

  Fig. 14.12    Acral lentiginous 
melanoma is also comprised 
of singly dispersed hyperchro-
mic melanocytes, but unlike 
lentigo maligna melanoma, 
the epidermis is thickened, sun 
damage is absent, and they are 
limited to acral skin       

  Fig. 14.11    Lentigo maligna 
melanoma is a relatively 
indolent form of melanoma 
that usually remains con fi ned 
to the epidermis and is 
comprised of mostly singly 
dispersed small hyperchromic 
melanocytes in sun-damaged 
skin       
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    14.5.2   Comments 

     1.    Though prognosis is largely based on tumor 
thickness, dermal mitoses, and ulceration, 
subtype of melanoma is a required element in 
tumor checklists sponsored by the College of 
American Pathologists.  

    2.    Rare melanoma subtypes include desmoplas-
tic, nevoid, Spitzoid, mucosa, and childhood 
melanoma and melanoma arising in a blue or 
congenital nevus.  

    3.    The desmoplastic subtype has bearing on 
prognosis and treatment. Pure desmoplastic 
melanomas behave more like sarcomas and 

  Fig. 14.13    Super fi cial 
spreading melanoma is 
comprised of epithelioid 
melanocytes, often with 
abundant melanin pigment. 
Malignant melanocytes are 
arranged in nests and scattered 
in the spinous layer of the 
epidermis       

  Fig. 14.14    Nodular 
melanoma forms a symmetric 
nodule centered in the dermis 
and involving the epidermis 
secondarily. Epidermal 
melanoma cells do not extend 
more than three rete ridges to 
either side of the dermal 
melanoma cells       
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tend to metastasize hematogenously rather 
than via the lymphatic system. Hence, sentinel 
lymph node biopsy is not usually offered for 
pure desmoplastic melanoma, but postopera-
tive radiotherapy may be bene fi cial.     
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          15.1   Introduction 

 The  fi rst signi fi cant histologic classi fi cation of 
tumors of the central nervous system (CNS) was 
proposed by Bailey and Cushing in 1926. 
Thereafter, several major revisions were intro-
duced, and numerous consensus conferences 
were held. The grading of CNS tumors is an inte-
gral part of these revisions and is routinely applied 
to primary intracranial and spinal tumors. The 
most widely accepted grading system is the 
World Health Organization (WHO) classi fi cation 
of tumors, last updated in 2007. Recently the 
prognostic values of several genetic markers have 
been validated in several CNS tumors, and the 
importance of testing them in paraf fi n-embedded 
tissue is growing  [  1  ] . Rare tumors, lymphomas, 
paraganglioma, and pituitary adenomas will not 
be discussed in this concise chapter.  

    15.2   Astrocytoma 

 Diffusely in fi ltrating or  fi brillary astrocytomas 
constitute the majority of those encountered in the 
human central nervous system. The WHO 
classi fi cation determines the grade, on a scale of 
I–IV, of a diffusely in fi ltrating astrocytoma accord-

ing to several microscopic features: cellularity, 
nuclear atypia, mitotic activity, vascular prolifera-
tion, and tumor necrosis. However, grading based 
on these criteria has been reported to show poor 
interobserver agreement, especially in stereotactic 
biopsies  [  2  ] . In 1988, Daumas-Duport and col-
leagues proposed a more reproducible grading 
system of adult diffusely in fi ltrating astrocytomas 
 [  3  ] , generally known as the St. Anne/Mayo grad-
ing system. Assigning equal importance to each of 
four speci fi c pathologic features – nuclear atypia, 
mitosis, vascular proliferation, and necrosis – the 
St. Anne/Mayo grade of a diffusely in fi ltrating 
astrocytoma on a scale of 1–4 is determined by the 
number of feature(s) present plus 1. This system is 
similar, but not identical to, the WHO classi fi cation. 
For instance,  fi nding one mitotic  fi gure in an oth-
erwise well-differentiated, diffusely in fi ltrating 
astrocytoma quali fi es it as grade 3 in the St. Anne/
Mayo system, but it may still be considered a 
WHO grade II lesion. On the other hand, a small 
biopsy showing predominantly necrosis rimmed 
by a few viable atypical astrocytes without mitosis 
is diagnosed as glioblastoma (grade IV) by the 
WHO criteria but remains a St. Anne/Mayo grade 
3 lesion. Since both systems are de fi ned by posi-
tive features, grading  fi brillary astrocytomas based 
on small biopsies is subject to errors of 
“undergrading.” 

 The WHO classi fi cation of astrocytic tumors 
includes the following:

   Grade I,  fi brillary astrocytoma. This tumor • 
is exceedingly rare. It shows a mild increase 
of cellularity and minimal cytologic atypia 
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without other pathologic features. This grade 
also includes variants of astrocytoma with 
speci fi c pathology, radiology, and indolent 
clinical behavior, i.e., pilocytic astrocytoma 
and subependymal giant cell astrocytoma.  
  Grade II, well-differentiated or diffuse astro-• 
cytoma. This tumor shows a mild to moderate 
increase of cellularity and nuclear atypia 
(Fig.  15.1 ), minimal mitotic activity (usually 
<2 mitoses per tumor), and no vascular prolif-

eration or tumor necrosis. One variant of 
WHO grade II diffuse astrocytomas is gemis-
tocytic astrocytoma that has been reported to 
portend a more aggressive behavior than its 
lack of mitotic activity suggests. It is com-
posed of neoplastic astrocytes with eccentric 
nuclei, small nucleoli, and plump, eosino-
philic, glassy, and  fi brillary cytoplasm with 
frequent perivascular in fl ammation and no 
mitotic  fi gures (Fig.  15.2 ).    

  Fig. 15.1    Astrocytoma. This 
WHO grade II diffusely 
in fi ltrating  fi brillary 
astrocytoma shows mild 
hypercellularity and mild 
nuclear atypia       

  Fig. 15.2    Gemistocytic 
astrocytoma. This WHO 
grade II tumor has moderate 
atypia with a deceiving lack 
of detectable mitotic activity 
(luxol fast blue/HE stain)       
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  Grade III, anaplastic or malignant astrocy-• 
toma. This tumor has moderate to high cellu-
larity (Fig.  15.3 ), prominent nuclear atypia, 
and readily identi fi ed mitotic  fi gures. When 
neither tumor necrosis nor vascular prolifera-
tion is recognized, the distinction between 
grade II and grade III astrocytoma may be 
subjective. Mitotic count has been the most 
reliable criterion, with two or more mitoses 
found per microscopic section in grade III 
astrocytoma. The use of the MIB-1 labeling 
index to differentiate more aggressive astrocy-
tomas from less aggressive ones has been sug-
gested  [  4  ] ; however, result of a recent study 
 [  5  ] , signi fi cant overlap, and topographic varia-
tion of staining limit its practical use, espe-
cially in small specimens.   
  Grade IV, glioblastoma. This group of tumors • 
includes astrocytomas that not only show 
nuclear atypia but also exhibit either necrosis 
(pseudopalisaded or not) (Fig.  15.4 ) or vascu-
lar proliferation (Fig.  15.5 ) or both. As the old 
term glioblastoma multiforme implies, the 
architectural pattern and cytologic details of 
neoplastic cells are variable. Small cells, clear 
cells, giant cells with bizarre hyperchromatic 
nuclei, cells with eosinophilic granular cyto-
plasm, and spindled cells in fascicles can be 
seen in various combinations or, less often, in 

pure forms. Aberrant epithelial (squamous 
and/or glandular) differentiation is rarely seen 
in glioblastomas and should not to be mistaken 
as collision cancer (carcinoma metastatic to 
glioblastoma), which occurs very rarely. 
Gliosarcoma is WHO grade IV tumor contain-
ing a glioblastoma component and a malignant 
mesenchymal component derived from vessel 
walls or associated meninges (Fig.  15.6 ).       

    15.2.1   Special Variants of Astrocytoma 

 In addition to the common variety of in fi ltrating 
astrocytomas, several other forms are recognized, 
including:

   Pilocytic astrocytoma (PA). The WHO grade I • 
pilocytic astrocytoma is often cystic with an 
enhanced mural nodule. It is usually well cir-
cumscribed but may show microscopic 
in fi ltration in the surrounding parenchyma. It 
often occurs in or near the midline of neuraxis 
(e.g., cerebellum, hypothalamus, optic nerve) 
in children and young adults, but cases have 
been observed in all age groups and at all ana-
tomic locations. The microscopic appearance 
of PA varies tremendously. Classic features 
include a biphasic growth pattern ( fi brillary 
compact areas containing piloid cells and 

  Fig. 15.3    Anaplastic 
astrocytoma. Moderate 
hypercellularity and cytologic 
atypia are seen in this WHO 
grade III tumor       
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 fi brillary processes with or without Rosenthal 
 fi bers, alternating with loose microcystic areas 
containing protoplasmic astrocytes in loose 
mucin [Fig.  15.7 ]), uniform cells, bland nuclei, 
eosinophilic granular bodies (Fig.  15.8 ), bipo-
lar slender  fi brillary cytoplasmic processes, 
and calcospherites. Other characteristics 
include a mild degree of cellular pleomor-
phism, nuclear atypia, giant cells with  fl oret-
like nuclei, hyalinized blood vessels, 

perinuclear halos, leptomeningeal in fi ltration, 
central infarctive necrosis, vascular prolifera-
tion, and palisaded spongioblastoma-like 
growth pattern. By themselves, necrosis and 
vascular proliferation are of no prognostic 
signi fi cance. In general, mitotic  fi gures are 
rare and the MIB-1 labeling index is low 
(<4 %). Very rare cases of cerebellar PA with 
malignant features have been reported (WHO 
grade III) with hypercellularity, high mitotic 

  Fig. 15.5    Glioblastoma. 
Characteristic vascular 
proliferation is evident in this 
WHO grade IV tumor       

  Fig. 15.4    Glioblastoma. This 
WHO grade IV tumor shows 
characteristic pseudopalisaded 
necrosis       
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activity, and pseudopalisaded tumor necrosis 
 [  6  ] . Rarely, a PA may undergo malignant 
transformation after irradiation, with charac-
teristics of WHO grade III–IV anaplastic 
astrocytoma or glioblastoma.    
  Subependymal giant cell astrocytoma (SEGA). • 
This WHO grade I circumscribed ventricular 
wall tumor is found either incidentally or after 
presentation with obstructive hydrocephalus. 
The majority of patients with this tumor have 

tuberous sclerosis; 6–16 % of patients with this 
disease develop SEGA. Classic features 
include a loose or packed collection of large 
polygonal or elongated cells, with plump or 
 fi brillary eosinophilic cytoplasm in between 
hyalinized blood vessels (with or without 
perivascular pseudopalisading) and calco-
spherites. Some polygonal cells may contain 
large, round to oval, and ganglionic (neuronal) 
nuclei with a single, central prominent nucleoli 

  Fig. 15.6    Gliosarcoma. This 
WHO grade IV tumor 
contains GFAP-negative, 
atypical mesenchymal cells 
embedded in massive 
hyalinized stroma       

  Fig. 15.7    Pilocytic 
astrocytoma. This WHO 
grade I tumor shows a 
 fi brillary and loose microcys-
tic biphasic growth pattern       
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(Fig.  15.9 ). Mild cellular pleomorphism, binu-
cleation, and occasional mitoses may be seen, 
but tumor necrosis and vascular proliferation 
are rare and do not portend malignancy.   
  Pleomorphic xanthoastrocytoma (PXA). This • 
WHO grade II tumor usually presents as a cir-
cumscribed, often partially cystic, super fi cial 
cerebral tumor in children and young adults. 
Characteristic features include elongated 
astrocytes, scattered giant cells with large 

hyperchromatic nuclei, intranuclear pseudoin-
clusions, vacuolated (lipidized) cytoplasm 
(Fig.  15.10 ), scattered eosinophilic granular 
bodies, perivascular in fl ammation, and peri-
cellular deposition of reticulin  fi bers. Most 
cases are controlled or cured by complete sur-
gical resection. A minority (15–20 %) of PXA 
manifest tumor necrosis, vascular prolifera-
tion, and a higher mitotic activity (>5 mitoses 
per 10 hpf). These so-called PXA with 

  Fig. 15.8    Pilocytic 
astrocytoma. Numerous 
eosinophilic granular bodies 
can be observed in this WHO 
grade I tumor       

  Fig. 15.9    Subependymal 
giant cell astrocytoma. In this 
WHO grade I tumor, large 
neoplastic cells are seen, with 
round nuclei, central 
prominent nucleoli, plump 
eosinophilic cytoplasm, and 
occasional multinucleation       
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anaplastic features may have a less favorable 
prognosis  [  7  ] ; however, they should not be 
confused with giant cell glioblastoma.   
  Desmoplastic cerebral astrocytoma of infancy • 
(DCAI) and desmoplastic infantile ganglio-
glioma (DIGG). These rare WHO grade I mas-
sive neoplasms of young children present as 
large, solid, and cystic cerebral tumors often 
associated with the dura and leptomeninges. 
Microscopically, desmoplastic hypocellular 

zones containing plump  fi brillary astrocytes 
(Fig.  15.11 ) transform to hypercellular zones 
of round or spindled cells with atypia and high 
nucleocytoplasmic ratios (Fig.  15.12 ). In spite 
of the readily found mitotic  fi gures and their 
alarming size, these neoplasms have a good 
prognosis following resection. The histo-
pathologies of both are similar, except for the 
presence of small or large cells with neuronal 
differentiation in DIGG.    

  Fig. 15.10    Pleomorphic 
xanthoastrocytoma. Large 
cells with bizarre hyperchro-
matic nuclei, intranuclear 
pseudoinclusions, and 
vacuolated cytoplasm are 
hallmarks of this WHO 
grade II tumor       

  Fig. 15.11    Desmoplastic 
infantile ganglioglioma. This 
WHO grade I tumor consists 
of neoplastic astrocytes with 
plump  fi brillary cytoplasm 
embedded in sclerotic stroma       
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  Rare variants of astrocytoma. This heteroge-• 
neous group, not discussed here, includes sev-
eral entities: protoplasmic astrocytoma, 
gliomatosis cerebri, chordoid glioma of the 
third ventricle, granular cell astrocytoma, 
astroblastoma, pilomyxoid astrocytoma of the 
suprasellar region in young children and 
infants, angiocentric glioma, glio fi broma, and 
sarcoglioma. For grading and characteristic 
features of these tumors, see specialized neu-
ropathology textbooks and original articles.      

    15.3   Oligodendroglioma 

 The WHO classi fi cation recognizes two grades 
of oligodendroglioma: well-differentiated (WHO 
grade II) and anaplastic (malignant) (WHO grade 
III). It should be noted that clinical response of 
many oligodendrogliomas to certain chemothera-
peutic agents – such as a PCV regimen (procar-
bazine, lomustine or CCNU, vincristine) and 
temozolomide – has been associated with codele-
tions of chromosomes 1p and 19q found in up to 
80 % of grade II and up to two-thirds of grade III 
oligodendrogliomas.

   WHO grade II, well-differentiated oligoden-• 
droglioma. The classic features of well- 

differentiated oligodendroglioma include 
super fi cial parenchymal (cortical) involve-
ment, in fi ltrative borders, uniform cells with 
round nuclei and perinuclear halos 
(Fig.  15.13 ), scant cytoplasm without pro-
cesses, or globular eccentric eosinophilic 
cytoplasm with  fi brillary processes (mini- or 
microgemistocytes) (Fig.  15.14 ), a delicate 
capillary network, associated calcospherites, 
mucinous microcysts, and occasional hyper-
cellular nodules. Marked nuclear atypia and 
occasional mitoses may be present. As in 
in fi ltrating astrocytomas, mitotic activity has 
been proposed as a major grading criterion 
with most grade II lesions showing less than 6 
mitoses per 10 hpf  [  8  ]  and MIB-1 labeling 
index of <5 %.    
  WHO grade III, anaplastic or malignant oli-• 
godendroglioma. In addition to the features 
described above, this tumor shows diffuse 
hypercellularity, nuclear atypia, cellular 
pleomorphism, and brisk mitotic activity 
(Fig.  15.15 ). Vascular proliferation and 
tumor necrosis (with or without pseudopali-
sading) may be observed (Fig.  15.16 ), but 
neither feature is a necessary criterion. Some 
cases may display marked cellular pleomor-
phism and the formation of giant or  elongated 

  Fig. 15.12    Desmoplastic 
infantile ganglioglioma. Some 
areas of this WHO grade I 
tumor are variably hypercel-
lular and contain small cells 
with oval or elongated nuclei 
and scant cytoplasm       
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cells, making recognition of oligodendro-
cytic differentiation and distinction from 
astrocytomas dif fi cult and subjective. Mixed 
oligoastrocytomas are diagnostic challenges 
in both classi fi cation and grading. A study 
has concluded that the identi fi cation of even 
a minor (100× microscopic  fi eld) component 
of oligodendroglioma imparts a better prog-
nosis than a pure astrocytoma of the same 

grade  [  9  ] . Since there is no grade IV oligo-
dendroglioma, distinction between anaplastic 
oligodendroglioma, anaplastic oligoastrocy-
toma, and glioblastoma can be arbitrary. An 
alternative is to classify it as WHO grade IV 
glioblastoma with an oligodendroglioma 
component, the prognosis of which appears 
better than that of conventional glio-
blastoma  [  10  ] .       

  Fig. 15.13    Oligoden-
droglioma. This WHO 
grade II tumor has uniform 
neoplastic cells with round 
nuclei and perinuclear halos 
between delicate capillaries       

  Fig. 15.14    Oligoden-
droglioma. This WHO 
grade II tumor contains areas 
of mini- or microgemistocytes       
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    15.4   Ependymoma 

 Ependymoma arises from ependymal cells lining 
the cerebrospinal  fl uid pathways. This tumor 
occurs in any age group and is found often in the 
posterior fossa of children and young adults. The 
WHO classi fi cation recognizes several subtypes, 
graded on a scale from I to III, as follows:

   WHO grade I subependymoma. This group • 
comprises nodular, well-demarcated, and 

 fi brillary ependymal neoplasms on the walls 
of ventricles and the central canal (spinal 
cord). Microscopically, subependymomas are 
paucicellular and  fi brillary, with the formation 
of microcysts and hyalinized vessels. 
Neoplastic cells are uniform in size and shape, 
with small round to oval nuclei, vacuolated or 
eosinophilic cytoplasm (Fig.  15.17 ) and tend 
to be clustered. Scattered cells with large pleo-
morphic nuclei of a degenerative nature and 

  Fig. 15.15    Anaplastic 
oligodendroglioma. This 
WHO grade III tumor 
displays nuclear atypia and a 
brisk mitotic activity       

  Fig. 15.16    Anaplastic 
oligodendroglioma. Vascular 
proliferation and necrosis are 
suf fi cient but not necessary 
features in this WHO 
grade III tumor       
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occasional mitoses may be seen, but necrosis 
and vascular proliferation is absent. Rare cases 
of WHO grade II mixed subependymoma and 
ependymoma containing features of both have 
been reported.   
  WHO grade I myxopapillary ependymoma. • 
This tumor is almost exclusively found in the 
conus medullaris/cauda equina region of 
young adults. Radially arranged, uniform, 
cuboidal, or elongated glial cells line the sur-

face of papillae with vascular, hyalinized, or 
myxoid cores (Fig.  15.18 ). Mucinous vacuoles 
or microcysts exist between cells. Mitotic 
activity is low. Local recurrence after resec-
tion is uncommon.   
  WHO grade II ependymoma. This often • 
demarcated glial neoplasm shows ependy-
mal differentiation, evidenced by cellular 
uniformity, varying amounts of  fi brillary 
cytoplasm, and the formation of perivascular 

  Fig. 15.17    Subependymoma. 
In this WHO grade I tumor, 
cytologically bland cells and 
associated microcysts are 
observed in  fi brillary matrix       

  Fig. 15.18    Myxopapillary 
ependymoma. This WHO 
grade I tumor contains 
mucinous pools. The papillary 
growth pattern is a hallmark 
of this tumor       
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 pseudorosettes (Fig.  15.19 ) and true ependy-
mal rosettes (also known as ependymal 
canals) (Fig.  15.20 ). The borders are push-
ing or, less commonly, in fi ltrative. In general 
mitotic activity is low. Cystic change, stromal 
hyalinization, and calci fi cation may be pres-
ent. Observed multiple patterns of growth 
and cytology have given rise to four subtypes 
recognized by WHO: cellular ependymoma, 

clear cell ependymoma (Fig.  15.21 ), papillary 
ependymoma, and tanycytic ependymoma. 
Features of two or more of these subtypes may 
be seen focally in a given case, so a subtype is 
designated only when a pattern predominates 
(>50 % of the areas examined).     
  WHO grade III (anaplastic or malignant) • 
ependymoma. In addition to ependymal differ-
entiation, this tumor shows anaplastic  features 

  Fig. 15.19    Ependymoma. 
Cells forming perivascular 
pseudorosettes comprise this 
WHO grade II tumor       

  Fig. 15.20    Ependymoma. 
This area of the WHO 
grade II tumor contains an 
ependymal canal       
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such as hypercellularity, cytologic anaplasia, 
brisk mitotic activity, pseudopalisaded necro-
sis, and vascular proliferation (Fig.  15.22 ). 
However, necrosis without palisading in a 
posterior fossa ependymoma is not diagnos-
tic of anaplastic ependymoma. Pseudorosettes 
are inconspicuous, and true rosettes are hardly 
seen.      

    15.5   Embryonal Tumors, Neuronal 
Tumors, and Mixed 
Glioneuronal Tumors 

 When most constituents in a neuroepithelial neo-
plasm are poorly differentiated or undifferenti-
ated, it is categorized as a WHO grade IV 
embryonal tumor or primitive neuroectodermal 

  Fig. 15.21    Clear cell 
ependymoma. Some cells of 
this WHO grade II tumor 
have clear cytoplasm       

  Fig. 15.22    Anaplastic 
ependymoma. Necrosis and 
vascular proliferation are 
evident in this tumor, as well 
as brisk mitotic activity and 
marked cytologic atypia       
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tumor (PNET). When found in the cerebellum, 
the pineal gland, and the posterior orbit, PNET is 
known as medulloblastoma, pineoblastoma, and 
retinoblastoma, respectively. A neuronal tumor 
consists of cells with neuronal (ganglionic or 
neurocytic) differentiation. They include WHO 
grade I neuronal hamartoma and gangliocytoma, 
and WHO grade II central (and extraventricular) 
neurocytoma. Neoplasms containing both mature 
neuronal and glial components are known as gan-
gliogliomas or mixed glioneuronal tumors (e.g., 
papillary and rosette-forming variants, not dis-
cussed). Less frequently, a neuroepithelial neo-
plasm consists of a glial component – usually a 
diffusely in fi ltrating astrocytoma – and an embry-
onal component, without the formation of neu-
rons or neurocytes. These are high-grade 
malignancies of WHO grade III to IV. 

    15.5.1   Medulloblastoma 

 These WHO grade IV embryonal neoplasms typ-
ically occur in the cerebellum (especially the ver-
mis) of children and young adults. Like other 
PNET, medulloblastoma tends to spread through 
cerebrospinal  fl uid circulation and may metasta-
size to extraneural sites. Generally regarded as 
malignant, medulloblastomas show varying 

degrees of neuronal and glial differentiation in 
histopathology and immunohistochemistry. Four 
histologic subtypes are recognized (see below) 
with apparently different prognosis – patients 
with desmoplastic medulloblastomas and cere-
bellar neuroblastomas have a better prognosis 
than those with classic medulloblastomas, while 
those with large cell medulloblastomas have a 
worse prognosis.

   Classic medulloblastoma. This is the most • 
common form. It consists of diffuse sheets of 
embryonic cells with round-, oval-, or carrot-
shaped hyperchromatic nuclei and scant cyto-
plasm with possible formation of neuroblastic 
or Homer-Wright rosettes (Fig.  15.23 ) and 
astrocytic differentiation shown by glial 
 fi brillary acidic protein (GFAP) expression. 
Pale areas of lower cellularity and containing 
cells with neuronal and astrocytic differentia-
tion may be observed (Fig.  15.24 ). Neoplastic 
cells in fi ltrate the neural parenchyma at inter-
face. Apoptotic bodies and mitotic  fi gures 
vary in density.    
  Desmoplastic (nodular) medulloblastoma. • 
This tumor tends to be located in the cerebel-
lar hemisphere rather than the vermis. It dis-
plays biphasic histology and contains many 
hypocellular, sometimes con fl uent nodules 
between reticulin-rich and hypercellular areas 

  Fig. 15.23    Medulloblas-
toma, classic type. The tumor 
cells form Homer-Wright 
(neuroblastic) rosettes       
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(Fig.  15.25 ). Cells in nodules are more differ-
entiated (neuronal, neurocytic, and astrocytic), 
with uniform, round to oval nuclei of varying 
sizes embedded in a  fi brillary, neuropil-like 
matrix.   
  Medulloblastoma with extensive nodularity and • 
advanced neuronal differentiation (cerebellar 
neuroblastoma). This rare tumor tends to occur 
in young children (usually <3 years of age). It 

displays a strikingly lobular appearance on neu-
roimaging that corresponds to multiple large 
nodules on histology. Intranodular neoplastic 
cells have small, round nuclei and resemble 
those found in central neurocytomas, accompa-
nied by occasional large neurons.  
  Large cell (anaplastic) medulloblastoma. This • 
tumor accounts for 5–25 % of all medulloblas-
tomas. It consists of cells with large, round, or 

  Fig. 15.24    Medulloblas-
toma, classic type. In addition 
to undifferentiated cells, the 
tumor displays focal neuronal 
differentiation       

  Fig. 15.25    Medulloblas-
toma, desmoplastic type. The 
tumor shows obvious 
nodularity       
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pleomorphic vesicular nuclei, prominent 
nucleoli, and abundant cytoplasm (Fig.  15.26 ). 
Frequently, there is nuclear molding, cell wrap-
ping, necrosis, and high apoptotic and mitotic 
activities. Distinction from the highly malig-
nant atypical teratoid/rhabdoid tumor (AT/RT, 
not discussed) in infants and young children 
may require the aid of immunohistochemistry.      

    15.5.2   Supratentorial Primitive 
Neuroepithelial Tumor 

 This WHO grade IV neoplasm also occurs in chil-
dren and young adults with a histology (Fig.  15.27 ) 
similar to classic medulloblastoma. In general, 
their cells are poorly differentiated, but some may 
display divergent differentiation (e.g., neuroblas-
tic, neuronal, astrocytic, ependymal, oligodendro-
cytic, muscular, and melanocytic). When both 
neuroblasts and differentiated neurons predomi-
nate, the terms cerebral neuroblastoma and gan-
glioneuroblastoma (Fig.  15.28 ) may be applied.    

    15.5.3   Pineal Parenchymal Tumor 

 The histopathologic hallmark of pineal parenchymal 
tumors is the pineocytomatous rosettes – small- to 

medium-size, ill-de fi ned zones of  fi brillary pro-
cesses rimmed by nuclei (Fig.  15.29 ). 
Pineocytomatous rosettes are larger and less regular 
in shape than Homer-Wright rosettes. These tumors 
include the following: 

   Pineoblastoma. This WHO grade IV tumor is • 
a poorly differentiated neoplasm in children 
showing high-grade features expected of 
PNET.  
  Pineocytoma. This is a slow-growing WHO • 
grade I tumor that affects young adults. It con-
sists of sheets or lobules of small, uniform 
cells resembling normal pineocytes, arranged 
between small blood vessels (Fig.  15.30 ). 
Rarely, large- or medium-size ganglion cells 
and mitoses are found.   
  Pineal parenchymal tumor of intermediate dif-• 
ferentiation. This WHO grades II–III tumor 
shows signs of intermediate differentiation 
and has features that range between those of 
pineocytomas and pineoblastomas.     

    15.5.4   Gangliocytoma and 
Ganglioglioma 

 Gangliocytoma is a WHO grade I neoplasm of 
varying cellularity containing numerous differen-
tiated ganglion cells (Fig.  15.31 ). Typically, this 

  Fig. 15.26    Medulloblas-
toma, large cell or anaplastic 
type. The tumor consists of 
cells with large, round, or 
pleomorphic vesicular nuclei 
showing molding or 
wrapping. The nucleoli are 
prominent and the cytoplasm 
more abundant than in classic 
medulloblastoma       
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tumor contains hyalinized blood vessels with 
eosinophilic granular bodies, Rosenthal  fi bers, 
calcospherites, and perivascular in fl ammation. 
When both dysplastic neurons and neoplastic glia 
(usually astrocytes) are present, the neoplasm 
quali fi es as a ganglioglioma. The glial compo-
nent (astrocytic or oligodendrocytic) in a gan-
glioglioma determines its grade and behavior. It 
may be well differentiated similar to pilocytic 

astrocytoma (WHO grade I) (Fig.  15.32 ), ana-
plastic (WHO grade III), or, very rarely, indistin-
guishable from glioblastoma (WHO grade IV).    

    15.5.5   Central Neurocytoma 

 This sharply demarcated WHO grade II neoplasm 
is typically found in the lateral and third  ventricles 

  Fig. 15.27    Supratentorial 
PNET. This WHO grade IV 
tumor shows histology 
identical to classic 
medulloblastoma       

  Fig. 15.28    Ganglioneuro-
blastoma, WHO grade IV. 
The tumor is composed of 
well-differentiated ( right half ) 
and poorly differentiated ( left 
half ) areas       
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(near the foramen of Monro) of young adults. It 
consists of uniform round neoplastic neurocytes 
with small, round to oval nuclei and pale, granu-
lar, eosinophilic, or clear cytoplasm between 
delicate or hyalinized blood vessels and scattered 
calcospherites (Fig.  15.33 ). Isolated or small 
clusters of larger ganglionic cells and small, ill-
de fi ned, and neuropil-like  fi brillary zones may be 

present. Strong synaptophysin and NeuN immu-
noreactivity is typical and helps its differentiation 
from oligodendroglioma. There are no histologi-
cal prognosticators, except that a MIB-1 labeling 
index of >2–3 % has been associated with a 
shorter recurrence-free interval. Extraventricular 
locations and cases with anaplastic features 
(WHO grade III) have been reported  [  11  ] .   

  Fig. 15.29    Pineocytoma. 
The tumor cells form 
pineocytomatous rosettes. 
These structures show vague 
circular, nuclear arrangements 
around  fi brillary matrix and 
are larger than Homer-Wright 
rosettes       

  Fig. 15.30    Pineocytoma. 
The tumor has a lobular 
structure, and it is dif fi cult at 
times to distinguish pineocy-
toma from the normal pineal 
gland       
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    15.5.6   Dysembryoplastic 
Neuroepithelial Tumor (DNET) 

 This WHO grade I glioneuronal neoplasm occurs 
in children and young adults. It has a supratento-
rial cortical (especially the temporal lobe) loca-
tion and is multinodular on neuroimaging and 
gross examination. Characteristic histology 
includes prominent nodular growth, a speci fi c 

glioneuronal element (small oligodendrocyte-
like cells decorating delicate columns of axons 
arranged perpendicular to the cortical surface), 
small mucinous cysts containing  fl oating neu-
rons, scattered stellate astrocytes with or without 
brown granular cytoplasmic pigment, and adja-
cent cortical dysplasia (Fig.  15.34 ). Rare tumors 
with identical histology have also been reported 
in the septum pellucidum and corpus callosum.    

  Fig. 15.31    Gangliocytoma. 
Large dysplastic ganglion 
cells admixed with in fi ltrating 
lymphocytes and plasma cells 
are typical of these WHO 
grade I tumors       

  Fig. 15.32    Ganglioglioma. 
This WHO grade I tumor 
contains dysplastic neurons 
and atypical astrocytes       
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    15.6   Meningioma 

 Meningioma is a neoplasm of meningothelial or 
arachnoid cap cells found in the leptomeninges. 
It is assigned WHO grades of I to III and is known 
to display widely variable histopathology. The 
list of recognized variants of meningiomas con-
tinues to change, and at least 13 were described 
in the 2007 WHO classi fi cation. Some variants 

occur in pure forms (e.g., secretory and clear cell 
meningiomas), while diagnostic features of oth-
ers (e.g., chordoid, rhabdoid, and papillary men-
ingiomas) are found only focally. It has been 
proposed that variant-speci fi c features be 
observed in >50 % of tumor in order for its desig-
nation although this has yet to be accepted uni-
versally. WHO grade II atypical meningiomas 
have a higher risk for local recurrence and 

  Fig. 15.33    Central 
neurocytoma. This WHO 
grade II neoplasm bears 
striking resemblance to 
oligodendroglioma       

  Fig. 15.34    Dysembryo-
plastic neuroepithelial tumor. 
This WHO grade I neoplasm 
contains uniform, bland, and 
oligodendrocyte-like cells 
between small mucinous cysts 
containing  fl oating neurons       
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 malignant transformation after resection/treat-
ment, and WHO grade III malignant (anaplastic) 
meningiomas have the additional potential of 
cerebrospinal  fl uid seeding and distant metasta-
sis. Invasion into the adjacent brain parenchyma 
may be observed in meningiomas of all grades 
and is an independent risk factor for local recur-
rence (hence, the assignment of brain-invasive 
meningiomas as WHO grade II). Brain invasion 
is evidenced by an irregular rather than smooth 
pushing border at the interface (without interven-
ing leptomeninges), with small irregular nests or 
burrowing tongues of neoplastic meningothelial 
cells displaced in the parenchyma (Fig.  15.35 ).  

    15.6.1   WHO Grade I Benign 
Meningioma 

 This group of tumors includes several variants:
   Meningothelial or syncytial meningioma. • 
Tumors of this group consist of neoplastic 
meningothelial cells with round, oval, or elon-
gated nuclei, smooth nuclear pro fi les, dis-
persed chromatin, indistinct small nucleoli, 
and occasional intranuclear pseudoinclusions. 
Various architectural patterns and structures 
may be formed, most commonly whorls 
(Fig.  15.36 ) and syncytia (Fig.  15.37 ).    

  Fibrous or  fi broblastic meningioma. This • 
tumor is composed of slender  fi brocyte-like 
cells between collagen (Fig.  15.38 ).   
  Psammomatous meningioma. Psammoma • 
bodies are present in most meningiomas, but if 
they predominate over tumor cells in between, 
the tumor may be classi fi ed as a psammoma-
tous meningioma.  
  Secretory meningioma. This tumor has plump • 
and epithelioid cells in sheets, forming scat-
tered round vacuolar spaces that contain 
eosinophilic hyaline globules (pseudopsam-
moma bodies) (Fig.  15.39 ). Pericytic prolifer-
ation around blood vessels may be prominent. 
Surrounding brain parenchyma is often 
edematous.   
  Angiomatous meningioma. Numerous, often • 
hyalinized blood vessels between scarce neo-
plastic cells characterize this tumor (Fig.  15.40 ). 
It often coexists with microcystic change and 
may be associated with surrounding brain 
edema. It should not be confused with heman-
gioblastoma or meningeal hemangioma.   
  Microcystic meningioma. This tumor consists • 
of cells with thin elongated processes between 
clear or  fl uid- fi lled vacuoles and microcysts in 
a characteristic cobweb pattern (Fig.  15.41 ). 
Sometimes cells appear  fi lled with small cyto-
plasmic vesicles that indent small or large 

  Fig. 15.35    Brain-invasive 
meningioma. Fingerlike 
projections of neoplastic 
meningothelial cells into brain 
parenchyma without 
intervening leptomeninges are 
typical of this WHO grade II 
tumor       
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hyperchromatic nuclei. Abundant, often 
hyalinized, blood vessels are present. It should 
not be confused with clear cell meningioma.   
  Lymphoplasmacyte-rich meningioma. In this • 
rare variant, the tumor typically contains exten-
sive in fi ltrates of chronic in fl ammatory cells.  
  Metaplastic meningioma. This is a rare variant • 
characterized by the formation of bone, carti-
lage, and/or apparent fat.     

    15.6.2   WHO Grade II Atypical 
Meningioma 

 According the WHO classi fi cation, a diagnosis of 
atypical meningioma should be made if the tumor 
has an average mitotic rate of ≥4 per 10 hpf or has 
three or more of the following  fi ve features: 
prominent nucleoli (Fig.  15.42 ); tumor necrosis; 
sheet-like, patternless growth; small cells with 

  Fig. 15.36    Meningothelial 
meningioma. Tumor cells 
form whorls       

  Fig. 15.37    Meningothelial 
meningioma. Streaming 
neoplastic meningothelial 
cells display oval nuclei and 
intranuclear pseudoinclusions 
in syncytia       
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high nucleocytoplasmic ratios; and hypercellu-
larity (Fig.  15.43 ). Of these features, only tumor 
necrosis is objective. Tumor necrosis in menin-
giomas appears as small or large areas of coagu-
lative necrosis rimmed by a condensed band of 
cells. It should be distinguished from rare sponta-
neous central infarction and from infarctive 
necrosis resulting from presurgical embolization. 
Occasionally, neoplastic meningothelial cells 

have enlarged, hyperchromatic nuclei, but these 
changes are degenerative and are not indicative 
of true atypia. Two speci fi c variants are desig-
nated WHO grade II, due to their atypical clinical 
behavior:  

   Clear cell meningioma. This rare neoplasm • 
is composed almost exclusively of clear 
cells with glycogen-rich cytoplasm and cen-
tral small nuclei (Fig.  15.44 ). Numerous 

  Fig. 15.38    Fibrous 
meningioma. Elongated 
 fi broblastic cells embedded in 
collagenous stroma comprise 
this tumor       

  Fig. 15.39    Secretory 
meningioma. The tumor 
contains eosinophilic hyaline 
globules or “pseudopsam-
moma” bodies that are PAS 
positive and CEA 
immunoreactive       

 

 



206 M.J. Ma

thick collagenous  fi bers and, sometimes, 
prominent hyalinization are found in the 
stroma. Whorls are not apparent, and psam-
moma bodies are rare. Many are found at 
the cerebellopontine angle or the cauda 
equina region in children and young adults. 
They have a high risk for cerebrospinal  fl uid 

seeding and local recurrence after initial 
treatment.   
  Chordoid meningioma. This tumor is rarely • 
found in a pure form. Typically, it is composed 
of anastomosing cords of epithelioid, some-
times vacuolated, neoplastic cells in a myxoid 
background (Fig.  15.45 ).      

  Fig. 15.40    Angiomatous 
meningioma. The tumor is 
highly vascular and often 
contains cells with features of 
microcystic meningioma       

  Fig. 15.41    Microcystic 
meningioma. Numerous small 
vacuoles and larger micro-
cysts between cells typify this 
tumor – note the characteristic 
“cobweb” pattern of 
cytoplasmic processes and 
peripherally placed nuclei       
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    15.6.3   WHO Grade III, Malignant 
or Anaplastic Meningioma 

 This group includes meningothelial neoplasms 
with a very brisk mitotic rate (≥20 per 10 hpf) 
and other atypical features, or dura-based 
 sarcoma without meningothelial or  heterologous 

differentiation (meningeal sarcomas) (Fig. 15.46 ). 
The following two histological variants also 
are known to behave in a malignant fashion: 

   Papillary meningioma. This tumor has a pre-• 
dilection for children and young adults. The 
hallmark of this neoplasm is the formation of 
perivascular pseudorosettes in discohesive 

  Fig. 15.42    Atypical 
meningioma. The WHO 
grade II tumor contains cells 
with prominent nucleoli       

  Fig. 15.43    Atypical 
meningioma. The tumor 
appears hypercellular because 
the small hyperchromatic 
cells have scant cytoplasm 
and are compacted into 
“patternless” sheets       
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regions of the neoplasm (Fig.  15.47 ). Although 
neoplastic cells display bland cytology 
(Fig.  15.48 ), mitoses are readily found.    
  Rhabdoid meningioma. This variant is rarely • 
found in a pure form, and meningothelial 
whorls are seen focally. Rhabdoid cells have 

large vesicular and eccentric nuclei adjacent 
to globular cytoplasmic bodies composed 
of intermediate  fi laments (Fig.  15.49 ). They 
are either nested or found in massive 
sheets.       

  Fig. 15.44    Clear cell 
meningioma. This WHO 
grade II tumor is composed of 
bland cells with PAS-positive, 
diastase-sensitive clear 
cytoplasm and small, 
centrally located nuclei 
between “ropey” collagen       

  Fig. 15.45    Chordoid 
meningioma. The epithelioid 
tumor cells form 
inter-anastomosing cords in 
a myxoid background       
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  Fig. 15.46    Meningeal 
sarcoma. Spindle-shaped 
tumor cells show marked 
atypia, a brisk mitotic activity, 
and no meningothelial 
differentiation       

  Fig. 15.47    Papillary 
meningioma. The tumor cells 
line the  fi brovascular cores of 
well-formed papillae       
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    15.7   Choroid Plexus Neoplasm 

 Neoplasms of the choroid plexus epithelium are 
found in or adjacent to the ventricles, including 
the cerebellopontine angle. Calci fi cation is com-
mon. They present a spectrum spanning from dis-
crete and easily resected benign papillomas to 
in fi ltrative high-grade carcinomas with interme-
diate forms:

   Choroid plexus papilloma, WHO grade I. This • 
benign neoplasm occurs in patients of all ages. 
Papillary fronds are lined by a single layer of 
cuboidal to columnar epithelia over 
 fi brovascular cores. The nuclei of the epithelia 
are bland, and mitotic activity is low 
(Fig.  15.50 ). Focal cytoplasmic clearing may 
be present. Occasionally, small islands of glial 
tissue are incorporated in the papillary cores, 

  Fig. 15.48    Papillary 
meningioma. The papillae are 
lined by neoplastic cells that 
still have meningothelial 
features, such as intranuclear 
pseudoinclusions ( upper left ) 
and whorls (not shown)       

  Fig. 15.49    Rhabdoid 
meningioma. The tumor cells 
have a well-developed 
cytoplasm that contains 
globular bodies and eccentric, 
frequently indented nuclei       
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but brain invasion, cytologic anaplasia, and 
necrosis are not seen.   
  Atypical choroid plexus papilloma, WHO • 
grade  II. This recently described  [  12  ]  intermedi-
ate grade of choroid plexus neoplasms is de fi ned 
by a mitotic count of  ³ 2 mitoses per 10 hpf, often 
accompanied by some of the following atypical 
features – increased cellularity, nuclear pleomor-
phism, solid growth, and necrosis (Fig.  15.51 ).   

  Choroid plexus carcinoma, WHO grade III. • 
These rare malignancies are found in young chil-
dren. Histologically, choroid plexus carcinoma 
consists of papillary structures and solid hyper-
cellular sheets of pleomorphic epithelial cells 
with readily identi fi ed mitoses, associated tumor 
necrosis, and brain invasion (Fig.  15.52 ). Poorly 
differentiated examples may be dif fi cult to dis-
tinguish from atypical teratoid/rhabdoid tumor.      

  Fig. 15.50    Choroid plexus 
papilloma. This WHO grade I 
tumor is composed of 
cylindrical cells lining 
papillary structures       

  Fig. 15.51    Atypical choroid 
plexus papilloma. This WHO 
grade II papillary tumor 
shows hypercellularity and 
occasional mitotic  fi gures 
( right lower corner )       
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    15.8   Hemangioblastoma 

 This WHO grade I vascular leptomeningeal neo-
plasm may occur anywhere in the neuraxis but 
most commonly present as cystic or solid enhanc-
ing masses in the posterior fossa. Up to 25 % of 
the patients with hemangioblastomas have famil-
ial (autosomal dominant) von Hippel-Lindau 
(VHL) disease caused by germ line mutations in 

the VHL tumor suppressor gene. This tumor con-
sists of abundant capillaries between neoplastic 
“stromal” cells with round or oval nuclei of vary-
ing size, abundant clear or vacuolated, lipidized 
cytoplasm, and distinctive cellular borders 
(Fig.  15.53 ). Occasional stromal cells have giant 
hyperchromatic nuclei indented by cytoplasmic 
vacuoles. Mitotic activity is low, and necrosis is 
rarely seen. Occasionally it may be confused with 
angiomatous and microcystic meningioma.   

  Fig. 15.53    Heman-
gioblastoma. This tumor is 
composed of numerous 
capillaries and sinusoids 
between vacuolated neoplas-
tic “stromal” cells       

  Fig. 15.52    Choroid    plexus 
carcinoma. This WHO grade 
III tumor invades the brain 
parenchyma. It has vacuolated 
cells and contains foci of 
necrosis       
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    15.9   Craniopharyngioma 

 This WHO grade II tumor typically presents in 
the form of a circumscribed, often cystic mass in 
the pituitary fossa and the suprasellar region. It 
consists of neoplastic, strati fi ed squamous epi-
thelia between supporting stroma that may show 
old hemorrhage. The epithelia line cystic spaces 
or form anastomosing sheets with no cytologic 
features of malignancy. Two morphologic vari-
ants have been described – papillary and 
adamantinomatous. The epithelia in the ada-
mantinomatous variant keratinize and form 
masses of “wet” keratins that tend to calcify or 
even ossify (Fig.  15.54 ). The surrounding gli-
otic parenchyma often contains prominent 
Rosenthal  fi bers.  
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 gemistocytic , 184  
 glioblastoma , 185, 186  
 gliosarcoma , 185, 187  
 in fi ltrating , 183  
 PA , 185–188  
 rare variants , 190  
 SEGA , 187–189  
 well-differentiated/diffuse , 184  
 WHO classi fi cation , 183–184  

 choroid plexus neoplasm , 210–212  
 craniopharyngioma , 213  
 embryonal, neuronal and glioneuronal tumors 
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 Central nervous system (CNS) ( cont. ) 
 central neurocytoma , 199–200, 202  
 DNET , 201, 202  
 gangliocytoma and ganglioglioma , 198–199, 201  
 medulloblastoma , 196–198  
 pineal parenchymal tumor , 198, 200  
 supratentorial primitive neuroepithelial tumor , 

198, 199  
 ependymoma 

 anaplastic/malignant , 194, 195  
 clear cell , 194, 195  
 ependymal canal , 194  
 myxopapillary , 193  
 perivascular pseudorosette formation , 193, 194  
 subependymoma , 192, 193  

 hemangioblastoma , 212–213  
 meningioma 

 angiomatous , 203, 206  
 atypical meningioma , 204–208  
 brain-invasion , 203  
  fi brous/ fi broblastic , 203, 205  
 lymphoplasmacyte-rich meningioma , 204  
 malignant/anaplastic meningioma , 207–210  
 meningothelial , 203, 204  
 metaplastic , 204  
 microcystic , 203, 206  
 psammomatous , 203  
 secretory , 203, 205  
 variant-speci fi c features , 202  

 oligodendroglioma 
 anaplastic , 190, 192  
 component , 191  
 mini-/microgemistocytes , 190, 191  
 nuclei and perinuclear halos , 190, 191   

  Cervical intraepithelial neoplasia (CIN) 
 diagnosis , 113  
 immunohistochemistry , 116  
 intraepithelial lesions , 113–114  
 mild squamous dysplasia , 114–115  
 moderate squamous dysplasia , 115  
 precursor cervical lesions , 114  
 rubric CIN 3 , 113  
 severe squamous dysplasia , 115, 116  
 transition , 116   

  Chromophobe renal cell carcinomas (CRRC) , 80–81   
  CNS  .  See  Central nervous system (CNS)  
  Colonic adenocarcinoma , 57–58    

  D 
  Desmoplastic cerebral astrocytoma 

of infancy (DCAI) , 189   
  Digestive system 

 adenocarcinoma , 52–53  
 GIST , 54–55  
 neuroendocrine neoplasms , 54  
 organ-speci fi c tumors 

 ampulla of vater , 57  
 esophagus , 55–56  
 gallbladder , 61  

 large intestine , 57–58  
 liver  (  see  Liver) 
 pancreas , 58–59  
 small intestine , 56–57  
 stomach , 56  

 sarcomas , 55  
 SCC , 51–52   

  Ductal carcinoma in situ (DCIS) 
 ancillary methods , 132  
 necrosis , 131, 132  
 nuclear characteristics , 131  
 nuclear grade , 131–135  
 Van Nuys grading system , 131   

  Dysembryoplastic neuroepithelial tumor (DNET) , 
201, 202    

  E 
  Endocrine system 

 adrenal cortical tumors , 67  
 adrenal medullary tumors , 67–68  
 pancreatic neuroendocrine neoplasms , 74–75  
 parathyroid tumors , 66–67  
 peripheral neuroblastic tumors 

 classi fi cation , 68  
 ganglioneuroblastoma , 72, 73  
 ganglioneuroblastoma variant , 72, 73  
 ganglioneuroma , 71, 72  
 INPC , 68  
 international neuroblastoma pathology 

classi fi cation , 68, 69  
 microscopic grading system , 68  
 nodularity , 71  
 pheochromocytomas , 73  
 schwannian stroma-poor tumors , 68–71  

 pituitary tumors , 65–66  
 thyroid tumors , 66   

  Endometrium adenocarcinomas 
 classi fi cation , 119  
 estrogen-related , 119–121  
 mixed adenocarcinoma , 122  
 non-endometrioid adenocarcinomas , 120, 121  
 nuclear and architectural grades , 121   

  Esophageal adenocarcinoma , 56   
  Esophageal squamous cell carcinoma , 56    

  F 
  Federation Nationale des Centres de Lutte Contre le 

Cancer (FNCLCC) , 159   
  Female genital organs 

 adenocarcinoma 
 of cervix , 118–119  
 of endometrium   ( see  Endometrium 

adenocarcinomas) 
 fallopian tube , 124  
 ovary   ( see  Adenocarcinomas, ovary) 

 CIN 
 diagnosis , 113  
 immunohistochemistry , 116  
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 intraepithelial lesions , 113–114  
 mild squamous dysplasia , 114–115  
 moderate squamous dysplasia , 115  
 precursor cervical lesions , 114  
 rubric CIN 3 , 113  
 severe squamous dysplasia , 115, 116  
 transition , 116  

 germ cell tumors , 127, 128  
 invasive squamous cell carcinoma 

 cervix , 116–117  
 vulva , 112–113  

 parts , 109  
 sex cord-stromal tumors , 128  
 smooth muscle tumors , 122–123  
 vagina tumors , 113  
 vulvar squamous intraepithelial neoplasia (VIN) 

 HPV-related/classic , 110–112  
 well-differentiated (simplex) , 109, 110    

  G 
  Gastric adenocarcinoma , 56   
  Gastrointestinal stromal tumors (GISTs) , 54–56    

  H 
  Head and neck tumors 

 ON   ( see  Olfactory neuroblastoma (ON)) 
 NECs , 21–22  
 NPC , 15–16  
 salivary gland carcinomas 

 ACC   ( see  Adenoid cystic carcinoma (ACC)) 
 CPA , 28  
 MEC   ( see  Mucoepidermoid carcinoma (MEC)) 

 SCC   ( see  Squamous cell carcinoma (SCC)) 
 SILs 

 atypical hyperplasia/risky epithelium , 10, 11  
 basal and parabasal cell hyperplasia , 10  
 carcinoma in situ , 11  
 HPV infection , 9  
 leukoplakia , 9, 11  
 Ljubljana classi fi cation , 11  
 malignant transformation rates , 11  
 oral and laryngeal , 9  
 squamous cell hyperplasia , 10  
 uni fi ed classi fi cation , 9–10  

 sinonasal carcinomas 
 adenocarcinomas   ( see  Adenocarcinomas) 
 papillary type , 21  
 SNUC , 17, 18   

  Hepatocellular carcinoma (HCC) , 59–60   
  Human papilloma virus (HPV) infection , 9    

  I 
  Immature teratoma , 127, 128   
  Immunohistochemical technique , 5   
  International Consensus Panel , 5   
  International Neuroblastoma Pathology 

Classi fi cation (INPC) , 68   

  International Society of Urologic Pathologists (ISUP) , 87   
  Interobserver variability and reproducibility , 91–92    

  K 
  Kidney tumors 

 clear cell renal cell carcinoma 
 details, grading system , 79, 80  
 disadvantage , 79  
 Fuhrman grading system , 77–79  

 CRRC , 80–81  
 duct carcinoma collection , 81  
 E3 expression and Xp11.2 translocation , 81  
 mucinous tubular and spindle-cell carcinoma , 82  
 PRCC , 80  
 thyroid-like follicular carcinoma , 82  
 unclassi fi ed renal cell carcinoma , 81  
 urothelial carcinoma, renal pelvis , 81    

  L 
  Large cell neuroendocrine carcinoma (LCNEC) , 38, 39   
  Leiomyoma , 122, 123   
  Leiomyosarcoma , 122, 123   
  Liver 

 cholangiocarcinoma , 60–62  
 HCC , 59–61   

  Lungs and pleura tumors 
 adenocarcinoma 

 BAC , 35  
 cribriform pattern , 35–37  
 invasive , 36  
 micropapillary pattern , 35, 36  
 minimally invasive , 36  
 moderately differentiated , 34  
 new classi fi cation scheme and diagnostic 

criteria , 35  
 papillary structures , 35, 36  
 poorly differentiated , 35  
 in situ , 36  
 well-differentiated , 33–34  

 malignant mesothelioma , 40  
 neuroendocrine carcinomas 

 carcinoid tumor and atypical carcinoid , 37  
 cytologic atypia , 39  
 LCNEC , 38, 39  
 moderately differentiated , 37, 38  
 necrosis , 39  
 SCNEC , 38–40  
 4-tiered grading scheme , 37  
 undifferentiation , 37  
 well-differentiated , 37, 38  

 squamous cell carcinoma 
 histologic variants , 33  
 immunohistochemical markers , 33  
 microscopic signs of keratinization , 31  
 moderately differentiated , 32–33  
 poorly differentiated , 32, 33  
 5-tiered grading system , 31  
 well-differentiated , 31–32   
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  Lymphoid and hematopoietic systems 
 follicular lymphoma 

 centroblasts , 145, 146  
 centrocytes , 146, 147  
 comments , 147–148  
 cytogenetic , 148  
 diffuse variants , 147  
 grade 1 , 146  
 grade 2 , 146  
 interobserver disagreement , 147–148  
 solid sheets , 146, 147  
 WHO classi fi cation , 145  

 Hodgkin lymphoma 
 good reproducibility , 152  
 nodular sclerosis, type 1 , 150, 151  
 nodular sclerosis, type 2 , 151  

 mantle cell lymphoma 
 ancillary methods , 148–149  
 cell variant , 150  
 classical blastic type , 148, 149  
 new developments , 150  
 pleomorphic blastic type , 148, 150  
 typical type , 148, 149  

 mycosis fungoides 
 ancillary techniques , 153  
 category III, LN-4 , 153, 154  
 category II, LN-3 , 152, 153  
 category I, LN-1 , 152  
 category I, LN-2 , 152, 153  
 clinical stage , 152  
 Langerhans cell proliferation , 154  

 myelodysplastic syndromes 
 ancillary studies , 156  
 isolated 5q-syndrome , 155  
 RAEB-1 , 155, 156  
 RAEB-2 , 156  
 RCMD , 155, 156  
 refractory cytopenia, unilineage dysplasia , 

154, 155  
 ringed sideroblasts , 154, 155  
 risk groups , 154    

  M 
  Microadenomas , 65   
  Mitotically active leiomyoma , 122   
  Mucoepidermoid carcinoma (MEC) 

 AFIP grading system , 25  
 behavior , 26  
 Brandwein grading system , 25  
 classi fi cation , 25  
 high-grade , 25–26  
 intermediate-grade , 25, 26  
 ionizing radiation , 24  
 low-grade , 25    

  N 
  Nasopharyngeal carcinoma (NPC) , 15–16   
  National Cancer Institute (NCI) system , 159   
  Neuroendocrine carcinomas (NECs) , 21–22    

  O 
  Olfactory neuroblastoma (ON) 

 Flexner-Wintersteiner true rosettes , 23, 24  
 Hyams grading system , 23, 24  
 hyperchromatic nuclei , 23  
 microscopic appearance , 23  
 olfactory neuroepithelium , 22–23  
 small round blue cells , 23    

  P 
  Pancreatic adenocarcinoma , 58–59   
  Papillary renal cell carcinoma (PRCC) , 80   
  Papillary urothelial neoplasm of low malignant potential 

(PUNLMP) , 89–90   
  Phyllodes tumors 

 ancillary methods , 141  
 benign tumors features , 140, 141  
 borderline , 140–141  
 “cystosarcoma phyllodes,” 142 
 malignant , 141   

  Pilocytic astrocytoma (PA) , 185–188   
  Prostate carcinoma (PCa) 

 Gleason grading system , 101, 102  
 2005 ISUP 

 architectural patterns , 102–105  
 Gleason scores , 102  
 grade 3 , 102  
 histological variants and patterns , 102, 106  
 prognostic indicators , 101  
 prostate needle biopsies , 105  
 radical prostatectomy specimens , 106    

  R 
  Refractory anemia with excess blasts-1 

(RAEB-1) , 155, 156   
  Refractory anemia with excess blasts-2 (RAEB-2) , 156   
  Refractory cytopenia with multilineage dysplasia 

(RCMD) , 155, 156    

  S 
  Schmincke type , 15   
  Sertoli-Leydig cell tumor , 128   
  Sinonasal undifferentiated carcinoma 

(SNUC) , 17   
  Skin tumors 

 BCC 
 diagnosis , 174  
 in fi ltrating , 172, 173  
 malignant neoplasm , 171  
 micronodular , 173–174  
 morpheic/sclerosing , 173  
 nodular , 171–172  
 super fi cial , 171, 172  

 melanocytic nevus , 178–179  
 melanoma 

 acral lentiginous , 179, 180  
 desmoplastic subtype , 181  
 lentigo maligna , 179, 180  
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 nodular melanoma , 180, 181  
 super fi cial spreading melanoma , 179, 181  

 SCC 
 actinic , 175  
 adenosquamous carcinoma , 176–178  
 Bowen disease , 178  
 damaged skin/Marjolin’s ulcer , 175–176  
 desmoplastic , 176  
 invasive Bowen disease , 175, 176  
 moderately differentiated , 174  
 spindle cell , 176, 177  
 verrucous SCC , 175  
 well-differentiated , 174   

  Small cell neuroendocrine carcinoma 
(SCNEC) , 38, 39   

  Smooth muscle tumor of uncertain malignant 
potential (STUMP) , 122   

  Soft tissue sarcomas (STS) 
 differentiation score , 160–161  
 French Federation of Cancer 

Centers , 160  
 histopathologic characteristics , 163  
 importance of factors , 159  
 limited/inadequate sampling , 162  
 managerial classi fi cation , 163  
 myxoid tumors , 161  
 NCI and FNCLCC systems , 159  
 necrosis and mitotic counts , 162  
 The Pediatric Oncology Group , 161, 162   

  Squamous cell carcinoma (SCC) 
 common locations , 12  
 digestive system , 51–52  
 etiologic agent , 12  
 HPV type 16/18 , 12, 14, 15  
 immunohistochemistry, p16 expression , 12, 14  
 moderately differentiated , 12, 13  
 no signs of keratinization , 12, 14  
 pooraly differentiated , 12, 13  
 sinonasal 

 histopathological classi fi cation , 16–17  
 non-keratinizing carcinoma , 17  

 subset , 15  
 well-differentiated , 12, 13   

  Squamous intraepithelial lesions (SILs) 
 atypical hyperplasia/risky epithelium , 10, 11  
 basal and parabasal cell hyperplasia , 10  
 carcinoma in situ , 11  
 HPV infection , 9  
 leukoplakia , 9, 11  
 Ljubljana classi fi cation , 11  
 malignant transformation rates , 11  
 oral and laryngeal , 9  
 squamous cell hyperplasia , 10  
 uni fi ed classi fi cation , 9–10   

  Subependymal giant cell astrocytoma (SEGA) , 187–189    

  T 
  Thymic epithelial neoplasms 

 continuous spectrum of lesions , 43  
 moderately differentiated (atypical thymoma) , 45, 46  

 organotypical features , 43–44  
 poorly differentiated (thymic carcinoma) 

 anaplastic carcinoma , 48  
 basaloid and adenoid cystic 

carcinoma , 48  
 clear cell carcinoma , 47, 48  
 de fi nition , 46  
 histologic varieties , 46  
 invasive spindle cell , 49  
 lymphoepithelioma , 47  
 mucinous adenocarcinoma , 48  
 mucoepidermoid carcinoma , 47  
 sarcomatoid carcinoma , 48  
 SCC , 47  
 SCNEC , 48  

 well-differentiated (thymoma) 
 infants and adolescents , 43, 44  
 medullary differentiation , 44  
 spindle cell type , 44–45  
 two neoplastic epithelial cells , 44   

  Tumor grading 
 ancillary methods , 5–6  
 clinical value , 6  
 general principles 

 architectural and cytologic 
features , 5  

 Gleason grading , 5  
 15 histologic features , 4  
 parts identi fi cation , 3  

 historical view 
 anaplasia and dedifferentiation , 1  
 breast cancers , 1  
 Broders’ seminal paper , 1, 4  
 frequency , 3  
 front page, von Hansemann’s textbook , 1, 2  
 microscopic features , 1  
 squamous carcinoma cells , 1, 3  

 perspective , 6–7    

  U 
  Urothelial carcinoma 

 bladder cancer, uniform grading system , 85  
 current proposal 

 grade 1 (low) , 93–96  
 grade 2 (low) , 93–96  
 grade 3 (high) , 95, 96  
 grade 4 (high) , 94–97  
 urothelial papilloma , 93  

 different grading system , 85, 86  
 histologic grading, WHO classi fi cation 

 1973 grade 1 , 88  
 1973 grade 2 , 88–89  
 1973 grade 3 , 89  
 2004, high-grade , 90–92  
 2004, low-grade , 90  
 PUNLMP , 89–90  
 urothelial papilloma , 88, 89  

 historical perspective , 85, 87  
 urinary bladder grading , 85, 86   

  Urothelial papilloma , 88, 89, 93    
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  V 
  Vulvar squamous intraepithelial neoplasia (VIN) 

 HPV-related/classic 
 mild squamous dysplasia , 110, 111  
 moderate squamous dysplasia , 110, 111  
 severe squamous dysplasia , 111, 112  

 well-differentiated (simplex) , 109, 110    

  W 
  WHO classi fi cation 

 1973 grade 1 , 88  
 1973 grade 2 , 88–89  
 1973 grade 3 , 89  

 2004, high-grade , 90–92  
 2004, low-grade , 90  
 PUNLMP , 89–90  
 urothelial papilloma , 88, 89          
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