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Small round cell tumor (SRCT) is a collective term, not a 
single disease entity, that refers to a tumor composed of small, 
round and relatively undifferentiated primitive cells with scant 
cytoplasm under light microscopy after excluding neoplasms of 
the central nervous system (CNS).1 The term ‘small’ indicates 
slightly larger than or double the size of the red blood cells in 
air-dried smears.2 Most of them are solid malignant tumors 
with histologic resemblance reflecting their dysembryonic, un-
differentiated, and primitive features. Tumor cells of this cate-
gory are poorly differentiated or undifferentiated with high nu-
clear/cytoplasmic (N/C) ratio and little cytoplasm, subsequently 
presenting an overall bluish picture on hematoxylin and eosin 
stain; thus, it is also referred to as small blue round cell tumor.3 
SRCT is actually a heterogeneous group of neoplasms dominat-
ing in childhood and adolescence, and histologic diagnoses of 
SRCTs are diverse, as shown in Table 1.1,4-16 Therefore, the di-
agnosis of SRCT is challenging, necessitating the use of multi-
modal ancillary techniques.17-19 Traditional work flow for a di-
agnosis of SRCT was light microscopic examination with spe-
cial stains at first and ultrastructural examination as a second 
step when the light microscopic findings are equivocal.4 Poorly 
differentiated or undifferentiated tumors require further immu-
nohistochemistry and cytogenetic molecular studies.19 Current-

ly, however, as a matter of convenience, immunohistochemistry 
has become the routine diagnostic modality due to the relative 
ease of use and interpretation, while electron microscopy (EM) 
is frequently skipped due to its declined usage in diagnostic 
fields.1,20 Sometimes, cytogenetic or molecular studies are em-
ployed at firsthand because these methods are now widely con-
sidered as a confirmative modality in the diagnosis of SRCT. 
Not unexpectedly, a combination of more than two modalities 
results in a higher rate of specific diagnosis than either alone.4 
Immunohistochemistry frequently shows equivocally positive 
or negative reactions, particularly in poorly differentiated tu-
mors, and overlapping of antigenicities between several SRCTs 
requires large panels of antibodies for the diagnosis.1,17,21 

Over the last two decades, advances in molecular diagnostic 
techniques for SRCT or soft tissue tumors have been remark-
able and such diagnostic techniques have been rapidly integrat-
ed. For example, the FLI1 protein, the gene product of FLI1, 
t(11;22), is detected in up to 85% of Ewing sarcoma/peripheral 
neuroectodermal tumors (ES/PNET), and WT1 on 11p13 is uni-
que and central to the pathogenesis of desmoplastic small round 
cell tumor (DSRCT).21-23 It is yet uncertain whether SRCTs show-
ing aberrant translocation should be included as a specific entity 
or be left as undifferentiated or high-grade sarcomas.13,24,25 Al-
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though these cytogenetic or molecular studies are the most suit-
able for confirming a specific diagnosis and the usage of the “old” 
ultrastructural examination in the diagnostic field is still limit-
ed to some disease entities, the cytogenetic or molecular studies 
have several limitations;26 requirement for very meticulous tech-
nique, discrepancy with histomorphology, low sensitivity, and 
unpredicted variant rearrangements. 

As stated above, current usage of EM has declined as follow-
ing limitation; first, EM lacks distinction between benignity 
and malignancy. Second, EM lacks heterogeneous findings due 
to varying differentiation and overlapping ultrastructural struc-
tures in different types of cells as well as sampling error.4,27 Even 
with EM studies, some tumors still exhibit unknown lineage of 
differentiation, especially when the tumor cells are primitive 
and undifferentiated.28 Although new models of digitalized EM 
have redeemed the time-consuming process and cost-ineffective-
ness, EM has become unfamiliar to pathologists.12,29-31

Here, we discuss the advantages and disadvantages of ultra-
structural studies for the diagnosis of SRCTs with suggested ap-
plications of EM. 

ULTRASTRUCTURAL FINDINGS OF SMALL 
ROUND CELL TUMORS

In this review, we explain SRCTs with following subdivisions; 
first, SRCTs are mainly comprised of tumors with unknown 
histogenesis. In this group, ES/PNET, neuroblastoma, DSRCT, 
and malignant rhabdoid tumor (MRT) are included. Second, 
certain types of soft tissue neoplasms can rarely appear as SRCTs. 
The third group is hematologic malignancies, including non-
Hodgkin’s lymphoma and leukemia.7,16 Others include epithe-
lioid gastrointestinal stromal tumor (GIST), small cell or rhab-
doid type melanomas.8,15,32 Among these groups, certain type of 
SRCTs can be diagnosed under light microscopy and immuno-
histochemistry by their unique histologic features such as GIST 
or small cell liposarcoma, which are not discussed here. 

SRCT of unknown histogenesis

ES/PNET, neuroblastoma, DSRCT, and MRT are categorized 
as tumors of unknown histogenesis.8,31 ES and PNET that pres-
ent primarily in bone and soft tissues have been reported and 
previously studied as separate entities. However, there has been 

Table 1. Disease entities appearing as small round cell tumors along with ultrastructural differential characteristic findings 

Findings Basal lamina Cytoplasmic organelles

Tumors of unknown histogenesis
ES/PNET Rare basal lamina Primitive polygonal cells containing sparse organelles, abundant glyco-

gen, occasional neural differentiation; rare epithelial differentiation such 
as tonofilaments 

Neuroblastoma Rare basal lamina Round cells having cell processes containing neural differentiation such 
as microtubules, neurofilaments, neurosecretory granules, glycogen, 
synaptic vesicles

Desmoplastic small round cell tumor Discontinuous basal lamina Paranuclear whorls of intermediate filaments, rare dense core granules, 
scant organelles, occasional microtubules, glycogen particles

Malignant rhabdoid tumor No basal lamina Paranuclear bundles of cytoplasmic intermediate filaments (about 10 nm 
in thickness), glycogen particles

Soft tissue tumor
Monophasic synovial sarcoma Focal basal lamina Spindle to oval cells mimicking fibroblasts (less RERs than fibroblasts) 

having intermediate filaments, microvilli, pinocytotic vesicles
Small cell schwannoma or small cell malignant 

peripheral nerve sheath tumor
Continuous reduplicated basal 

lamina
Long-spacing collagen, i.e., Luse bodies

Alveolar rhabdomyosarcoma, solid variant Basal lamina Myosin-ribosome complexes, dense plaques
Small cell osteosarcoma No basal lamina Fibroblast-like cells containing abundant RERs, glycogen, flocculent  

premineralized stage osteoid matrix, needle-like dense hydroxyapatite 
crystals on collagen fibrils, i.e., osteoid

Mesenchymal chondrosarcoma No basal lamina Glycogen in cytoplasm, rare scalloped villous cell surfaces
Hematologic malignancies

Leukemia/myeloid sarcoma No basal lamina Ovoid-shaped myeloid cells containing myeloid granules of various stage 
or Auer bodies

Malignant lymphoma No basal lamina Polygonal shaped cells with abundant ribosomes or variable amount of 
RERs

Others
Small cell or rhabdoid melanoma Focal basal lamina Round cells having Golgi complex, atypical melanosomes of various 

stage

ES/PNET, Ewing sarcoma/peripheral neuroectodermal tumors; RER, rough endoplasmic reticulums.
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a recognition of a shared cytogenetic abnormality between the 
two and they are now regarded as different manifestations of 
the same entity at the genetic level (i.e., ES/PNET family tu-
mors including Askin tumor).12 

ES/PNET family tumors show diverse heterogeneous histo-
logic features, including large cell atypical types or adamanti-
noma-like variant ES/PNET, which have shared moleculoge-
netic abnormalities. ES/PNET family tumors show varying de-
grees of neuroectodermal differentiation. The ultrastructural 
findings of ES/PNET show undifferentiated mesenchymal cells 
arising from a mesenchymal stem cell and differentiating to 
neural cells.12,33 Ultrastructural findings of this neural differen-
tiation include intermediate filaments, microtubules, or neuro-
secretory granules and processes.12 Small amounts of glycogen 

can be seen in other types of tumors, but in ES, glycogen de-
posits usually form lakes or pools (Fig. 1A). The tumors show 
undifferentiated primitive cells with no discernible characteris-
tics except for abundant glycogen pools. Rich glycogen within 
the cytoplasm is a notable and distinctive finding for ES/PNET, 
but is not specific;33 MRT may show plentiful glycogen parti-
cles and no other specialized structures, mimicking ES/PNET 
(Fig. 1B).11 MRT of soft tissue show large paranuclear whorls of 
intermediate filaments, with entrapped organelles and lipid drop-
lets.34 These paranuclear cytoplasmic whorls of intermediate fil-
aments are shared by DSRCT of the abdominal wall.5,21,22,35 

DSRCT is a rare malignant pediatric tumor that usually af-
fects the abdominal cavity.22 When DSRCT is presented in vis-
ceral organs, its diagnosis poses significant difficulty. In such 

Fig. 1. (A) Ewing sarcoma shows polygonal shaped cells having large round cells and a small amount of cytoplasm with mainly glycogen pools 
(arrow) (× 7,500). Inset indicates abundant cytoplasmic glycogen particles (× 10,000). (B) Tumor cells of malignant rhabdoid tumor show para-
nuclear whorls packed with intermediate filaments intermingled with cytoplasmic organelles (× 2,000). Inset shows paranuclear whorls filled 
with dense intermediate filaments, dilated rough endoplasmic reticulum (RER) cisternae and degenerated mitochondria (× 8,000). (C) Neuro-
blastoma. Round shaped tumor cells have neurosecretory dense core granules in the cytoplasm (×8,000). (D) Small cell osteosarcoma shows 
ovoid shaped tumor cells containing a moderate amount of mitochondria and ribosomes with dilated RERs (× 8,500). (E) Alveolar rhabdo-
myosarcoma, solid variant. Closely apposed round to ovoid shaped cells have irregular shaped nuclei and a moderate amount of cytoplasm 
containing lipid vacuoles, mitochondria, and Golgi apparatuses (× 3,500). Arrow indicates myosin-ribosome complexes (× 12,000). (F) My-
eloid sarcoma demonstrates cytoplasmic myeloid granules, measuring 200 nm on average ( × 1,500). Inset shows membrane bound my-
eloid granules (× 6,000). 
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circumstances, DSRCT showing multidirectional differentia-
tion may add diagnostic confusion.5,23,35 Neural differentiation 
characteristics such as neurosecretory granules, microtubules, 
dendritic interdigitating processes, or epithelial differentiation 
such as cell junctions or intracytoplasmic lumen can also be iden-
tified in DSRCT. Confirmation of neurosecretory granules, for-
merly known as dense core granules, requires careful examination 
because they may be easily confused with primary lysosomes, 
which are larger than the former. DSRCT have mitochondria, 
lipid aggregates, and a few groups of paranuclear intermediate 
filaments.21 The multidirectional differentiation is concordant 
with t(11;22)(p13;q12), resulting in a chimeric EWS/WT1 tran-
script.23 Presence of paranuclear whorls of intermediate filaments  
corresponds to the dot-like immunostaining with desmin or vi-
mentin, together with the absence of specialized ultrastructural 
structures.21 Among pediatric SRCTs, a tumor showing only neu-
ral differentiation is a neuroblastoma, the most frequently en-
countered extracranial pediatric solid tumor.36,37 It originates 
from neural crest cells of the sympathetic nervous system and 
EM is very helpful in its diagnosis. These neoplasms have neu-
rosecretory granules (50–200 nm in diameter) with membrane-
bound dense core granules, cytoplasmic processes containing 
parallel arranged microtubules of 20 nm in diameter, and prim-
itive cell junctions (Fig. 1C). Cell junctions are not demonstrat-
ed in neuroblastoma.

SRCT categorized as a soft tissue neoplasm

Soft tissue tumors are classified according to morphology and 
histogenesis. As up to 30% of soft tissue tumors show chromo-
somal alterations, integration of molecular study in the diagno-
sis of soft tissue tumors has been recommended. However, ac-
cumulating data on these molecular alterations sometimes fur-
ther complicates the molecular diagnoses of some soft tissue tu-
mors. Certain types of soft tissue tumors can present as SRCTs 
including monophasic synovial sarcoma,8 small cell osteosarco-
ma,18 mesenchymal chondrosarcoma,38,39 small cell variant of 
melanoma,15,40 solid variant of alveolar rhabdomyosarcoma,41 
round cell liposarcoma,42 small cell schwannoma, and small cell 
malignant peripheral nerve sheath tumor (MPNST).9,36 ES/PNET 
family tumors are too undifferentiated to have characterized ul-
trastructural findings, and ultrastructural morphology is hardly 
distinguished from the undifferentiated cells of small osteosar-
coma and mesenchymal chondrosarcoma of soft tissue.43-46 In 
primitive cells differentiating to chondrocytes in mesenchymal 
chondrosarcoma, some thin cytoplasmic projections to the ex-
tracellular spaces are the only distinguishing finding.13,46-48 The 

chondrocyte-like tumor cells usually found in conventional myx-
oid chondrosarcoma are not found in most undifferentiated forms 
of chondrosarcomas.48 The chondrocytes of well differentiated 
forms are ovoid to fusiform shaped ones with an eccentric nu-
cleus and cytoplasm having abundant mitochondria, conspicu-
ous endoplasmic reticulum with dilated cisternae of rough en-
doplasmic reticulums (RERs), cytoplasmic glycogen, lipid drop-
lets, and numerous thin cytoplasmic projections such as micro-
villi into the extracellular area, which is filled with glycosami-
noglycan granules, and collagen fibrils.49 The higher the grade 
of chondrosarcoma, the lower the number of organelles, along 
with less prominent cytoplasmic projections into the extracel-
lular spaces, bizarre nuclei, and more prominent nucleoli.50,51 
More immature cells correspond to small undifferentiated cells 
mimicking fibroblasts. Cells of mesenchymal chondrosarcoma 
have rounded nuclei, scanty cytoplasm, and few organelles and 
glycogen, like ES/PNET.13 The intercellular matrix is very scanty 
and does not contain collagen fibrils. The search for more dif-
ferentiated foci and correlation with the light microscopic find-
ings is rewarding in such cases. These well-formed microvilli 
are found in low to intermediate grade chondrosarcoma, and are 
well observed even in clear cell chondrosarcomas, which lack 
other organelles, but have abundant glycogen particles.51 Small 
cell osteosarcoma should be differentiated from other more com-
mon SRCTs. Chondroblasts showing features similar to those of 
chondroblastoma or chondrosarcoma can be seen in osteosarco-
ma.18 There are rare osteoblastic or multinucleated giant cells 
with a large amount of RERs without ruffled borders. The tu-
mor cells of a rare variant of osteosarcoma are a primitive form 
of osteoblasts, and the critical point of its ultrastructural diag-
nosis is to search for extracellular osteoid, extracellular matrix 
containing collagen fibers with deposition of hydroxyapatite 
crystals, showing correlation with light microscopy. The tumor 
cells have round shaped nuclei with occasional infolding and a 
more moderate amount of cytoplasm than those of ES/PNET. 
They also have a considerable number of organelles, most of 
which are RERs and ribosomes (Fig. 1D). Although tumor cells 
in a small cell osteosarcoma resemble those of ES, osteoid will 
provide an ultrastructural distinguishing point as it does in the 
light microscopic diagnosis.17,52

In pediatric age, a solid variant of alveolar rhabdomyosarco-
ma rarely presents as SRCT.41 Like other tumors, the EM fea-
tures of a solid variant of alveolar rhabdomyosarcoma depend 
on the degree of differentiation of rhabdomyoblasts.53 Contrary 
to much more differentiated rhabdomyosarcoma, the primitive 
small cells are monomorphous round to elongated in shape and 
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are surrounded by external lamina with a moderate amount of 
cytoplasm filled with glycogen and other organelles and have 
no easily detectable muscular features such as thick myosin-ri-
bosome complexes or dense plaques. A careful search for thick 
myosin filament-ribosome complexes defined as 15-nm fila-
ments intimately associated with numerous free ribosomes, the 
earliest evidence of rhabdomyoblast, can confirm the diagnosis 
of a rare solid variant of rhabdomyosarcoma (Fig. 1E).41 Ultra-
structural evidence of skeletal differentiation such as specific 
myofilament arrays, focal density, Z-band material, and pinocy-
totic vesicles may not be detectable in solid variants of alveolar 
rhabdomyosarcoma.53 Caution is needed because such neoplastic 
rhabdomyoblastic differentiation may be found in other SRCTs, 
such as malignant melanomas or schwannian Triton tumors. 

MPNST can present with small cell components, and it may 
cause confusion in small biopsy samples.54 For example, benign 
peripheral nerve sheath tumor such as schwannoma, may show 
small cell components.55 The presence of small cell changes of 
peripheral nerve sheath tumors is mainly regarded as malignant 
transformation; however, it sometimes implies differentiation 
toward immature neural cells.9 Distinguishing poorly differen-
tiated small cell MPNST from ES/PNET is not easy, at least on 
histologic and immunohistochemical grounds alone because 
MPNST has neither a reliable immunohistochemical marker 
nor specific moleculogenetic changes. Therefore, EM is often 
useful in detecting elongated interdigitating cytoplasmic pro-
cesses, pinocytotic vesicles, and fragments of basal lamina.56 In 
particular, the presence of basal lamina around tumor cells un-
der EM confirms bidirectional differentiation into melanocytes 
and nerve sheath tumor. In such cases, basal lamina can be found 
in epithelial, myoepithelial, endothelial, Schwann or perineurial 
cells, or muscle cells, but cannot be seen in neurons, glial, he-
matolymphoid cells, and myofibroblastic cells.57 Therefore, mis-
interpretation of the basal lamina of these surrounding reactive 
cells for the lamina of tumor cells should be avoided. 

Small cell variant of poorly differentiated monophasic syno-
vial sarcoma, one of the poorly differentiated monophasic syno-
vial sarcoma, should be distinguished from other SRCTs.8,58 Mo-
nophasic synovial sarcoma showing epithelial membrane anti-
gen–negative and cytokeratin-negative poorly differentiated 
one, requires either molecular cytogenetic study to evaluate the 
specific translocation t(X;18)(p11;q11) or EM examination.59 
Ultrastructurally, differentiation of synovial sarcoma ranges from 
unclassifiable spindle cells to fully differentiated epithelioid 
cells.60 The spindle to fusiform-shaped tumor cells of synovial 
sarcoma has a high N/C ratio and non-descript cytoplasm de-

void of schwannian differentiation, fibroblastic and leiomyosar-
comatous differentiation, continuous basal lamina, long spacing 
collagen, and long intervening processes. Tapering bipolar pro-
cesses joined by occasional rudimentary cell junctions or des-
mosomes, or infrequent tonofibrils must be distinguished from 
MPNST.60 

SRCT of hematologic malignancies

The tumor cells of some SRCTs, particularly the solid variant 
of alveolar rhabdomyosarcomas, resemble lymphoblastic leuke-
mic cells or non-Hodgkin’s lymphoma.61,62 Conversely, dense 
infiltrates of relatively small undifferentiated tumor cells of un-
certain origin, which mimic undifferentiated sarcoma, may be 
the first presentation of hematologic and lymphoid malignan-
cies.63 In particular, myeloid sarcomas with no evidence of cir-
culating blasts may manifest as undifferentiated tumors with 
small round cell morphology, which frequently show aberrant 
immunophenotypes for myeloperoxidase, terminal deoxynucle-
otidyl transferase, CD68 (KP1), lysozyme, CD117, or CD34.64 
Ultrastructural demonstration of myeloid granules of various 
morphology and stage are crucial in such cases.65-68 Elongated 
Auer bodies as well as round or rod-like primary or azurophilic 
granules are useful ultrastructural findings. Primitive myeloid 
blasts have little cytoplasm but show greatly enlarged nucleoli 
with coarse granular nucleoplasm and thin peripheral hetero-
chromatin (Fig. 1F).16 Myeloid tumors show morphological 
forms ranging from myeloblasts through promyelocytes to mono-
cytes.68 This is not the case for lymphoid malignancy19,65,66 and 
subtyping of lymphoma has been attempted. EM cannot deter-
mine the line of differentiation in lymphoid malignancy, but it 
plays a role in excluding lymphoid malignancy. Abundant ribo-
somes and polysomes with an absence of cell junctions or basal 
lamina are the most common features of lymphoid malignancy. 

Other tumors presented with SRCTs

As previously mentioned in the SRCT of unknown histogen-
esis, MRTs showing rhabdoid morphology under light micros-
copy have been reported in every location of the body including 
the brain, liver, soft tissues, lung, skin, heart, and kidney, in 
which the tumor was originally described.11,69-72 Recent immu-
nohistochemistry reveals that the tumor cells have nuclear im-
munoreactivity for integrase interactor 1 (INI-1), which is criti-
cal for the diagnosis of this highly aggressive tumor, and show 
paranuclear bundles of intermediate filaments under ultrastruc-
tural examination.70 Cell junctions are not observed in MRT. 
These paranuclear whorls of intermediate filaments are seen in 
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other tumors of rhabdoid appearance; a rhabdoid variant of ma-
lignant melanoma also shows prominent nuclei and cytoplas-
mic accumulation of whorls of intermediate filaments, which 
compress the nuclei and a few organelles entrapped in the cyto-
plasm and melanosomes. As stated above, DSRCT also shares 
these ultrastructural findings. The so called rhabdoid appear-
ance under light microscopy mimicking renal MRT (i.e., large 
cells with eccentrically located nuclei and abundant, eosinophil-
ic cytoplasm) refers to tumors showing diffuse organoid sheets 
of round or polygonal shaped cells with paranuclear whorls of 
intermediate filaments. Tumors showing rhabdoid appearance 
are found in various tumors including pleomorphic fibrosarco-
ma with rhabdoid appearance, rhabdoid tumors of the CNS 
such as atypical teratoid/rhabdoid tumor, the CNS counterpart 
of MRT, rhabdoid meningioma, astroblastoma with rhabdoid 
appearance or rhabdoid choroid plexus carcinoma.70,71 Extrare-
nal rhabdoid tumors are a heterogeneous group of neoplasms 
and it is also described as poorly differentiated neoplasms with 
rhabdoid features for these undifferentiated tumors.72 Ultrastruc-
tural features shared with other tumors with rhabdoid features 
may not provide a diagnostic clue other than loss of INI-1 nu-
clear staining, which is critical for the diagnosis of this highly 
aggressive tumor. 

Under light microscopy, small cell (Merkel-like) melanomas 
appearing in adolescents and children are composed of small 
undifferentiated cells of melanocytic-lineage.15 Ultrastructural 
examination is required to determine if the cells are pre-mela-
nosomes or melanosomes of various stages and differentiating 
them from the reactive cells is important.73 Pathologists should 
search meticulously for melanosome granules of various stages.

CONCLUSION

In summary, the current shift in SRCT diagnosis is towards 
immunohistochemistry and cytogenetic molecular techniques, 
but sometimes these techniques are inadequate. Even with care-
ful traditional analyses, the correct diagnosis remains elusive. 
Immunohistochemistry has limitations in sensitivity and speci-
ficity, while moleculocytogenetic study has proven to be useful 
in characterization of SRCTs; however, it has also become evi-
dent that some genetic abnormalities are not tumor specific, 
and even demonstrate results not correlating with the histologic 
morphology. As stated above, light microscopy should remain as 
the main diagnostic tool. As EM has several overlapping fea-
tures (Table 1), it may not be able to identify a line of differen-
tiation if the tumor cells are cytologically undifferentiated. How-

ever, EM should be included in the standard diagnostic process-
es for SRCTs, as it can provide both validity and reliability in 
its specificity.

Here, we emphasize that pathologists need to understand the 
appropriate applications and pitfalls as well as the benefits of 
EM, which permits optimal diagnosis of SRCTs. 
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Macrophages are abundant immune cells in bone marrow. 
Classically, macrophages are rapidly recruited into infectious or 
injured sites where they play critical roles in innate immunity. 
Moreover, macrophages regulate tissue homeostasis in various 
pathophysiologic processes including innate and adaptive im-
munity, wound healing, hematopoiesis, and malignancy. For 
examples, macrophages not only initiate tissue inflammation, 
but also promote wound healing and tissue remodeling.1 Mac-
rophages are schematically classified into two subtypes: classi-
cally activated, pro-inflammatory M1-macrophages and alter-
natively activated, anti-inflammatory/regenerative M2-macro-
phages.1 

Apart from osteoclasts, osteal macrophages in bone marrow 
were recently recounted as a pivotal player in bone metabolism. 
In murine tissues, F4/80 monoclonal antibody2 has been widely 
used to distinguish mature macrophages from osteoclasts, since 
F4/80 is rapidly down-regulated in the early stage of osteoclas-
togenesis.3 At the bone and marrow interface, especially in the 
bone multicellular units, osteal macrophages form a cellular 
canopy structure over the bone-forming osteoblast.4 In particu-
lar, the bone remodeling site, which is affected by anabolic fac-
tors such as parathyroid hormone (PTH; PTH1-34), showed 
augmented osteal macrophages (Fig. 1).5 These observations 
suggest that osteal macrophages might play a role in bone re-
modeling. 

OSTEAL MACROPHAGES IN BONE 
FORMATION

Evidence suggests that macrophages participate in pleiotro-
pic aspects of bone metabolism. Macrophages have been involv-
ed in vascular calcification in ectopic bone formation. Co-cul-
ture of macrophages with calcifying vascular cells6 or human 
vascular smooth muscle cells7 enhanced alkaline phosphatase 
activity and mineralization potential. Tumor necrosis factor6,7 
and oncostatin M7 have been suggested as molecular mediators 
of macrophage-derived vascular calcification. In addition, deple-
tion of macrophages reduced osteophyte formation in osteoar-
thritic models,8-10 and macrophages have been implicated in the 
sites of pathologic bone loss in inflammatory bone disorders.11,12 
These observations suggest that macrophages play a critical role 
in bone formation and mineralization. 

Depletion of macrophages in primary calvarial osteoblast cul-
tures in vitro has been shown to delay osteogenic differentiation 
and mineralization.4,13 In the macrophage fas-induced apoptosis 
(Mafia) transgenic mouse model, short-term depletion of mac-
rophages with treatment of a synthetic ligand in vivo showed a 
quantitative reduction of bone formation sites in endocortical 
bones.4,13 In a recent study, in vivo long-term depletion of mac-
rophages in young (3–21 days) and adult (16–22 months) Ma-
fia mice demonstrated an osteopenic phenotypes with suppressed 
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serum bone turnover markers.5 The anabolic actions of PTH in 
bone were markedly reduced in this model.5 This study rein-
forced the hypothesis that osteal macrophages play a pivotal 
role in bone anabolism. Another independent study with lyso-
zyme M-deficient mice also showed that pre-natal macrophage 
depletion led to early skeletal growth retardation and progres-
sive osteoporosis.14 The latter two studies clearly showed that 
functional osteoclasts were not significantly affected in these 
macrophage-deficient models.5,14 Taken together, these results 
suggest that osteal macrophages play an essential role in normal 
bone development and remodeling, especially through anabolic 
actions. 

One of the critical concerns with osteal macrophages is how 
to distinguish bone marrow resident macrophages from osteo-
clasts, since they share the same precursors. Studies of Mafia mice5 
or lysozyme M-deficient mice14 showed functionally active os-
teoclast activities, while macrophages were remarkably deplet-
ed, but still there were possible impacts of subtle changes in os-
teoclasts on overall bone metabolism. A recent study showed 
more clear evidence supporting the independent presence of 
functioning osteal macrophages apart from osteoclasts. CCL5-
deficient mice showed decreased F4/80-positive macrophages at 
the endocortical bone surface, following reduced bone forma-
tion compared to the wild-type mice.15 Osteoclastogenesis was 
enhanced in this model.15 More studies with a bone marrow-
specific macrophage depletion model are needed. 

OSTEAL MACROPHAGES IN BONE REPAIR

Fracture healing is composed of inflammation and bone re-
pair processes, including endochondral ossification. Previous 
studies have demonstrated that macrophages are present during 

multiple stages of fracture healing, and produce mesenchymal 
growth factors.16 Macrophages are also associated with more 
stable callus formation and healthy union.17 

Keeping pace with the studies of osteal macrophages in bone 
metabolism, several groups have extensively studied how osteal 
macrophages participate in fracture healing of bone. Both sys-
temic and local depletions of macrophages delayed fracture heal-
ing and impaired woven bone formation, while treatment of 
colony stimulating factor 1 increased macrophage recruitment 
into the injury sites and supported woven bone formation.18 This 
study showed that macrophages were essential for collagen type 
I-positive matrix formation and bone mineralization.18 Similar-
ly, an independent study also showed that depletion of macro-
phages during fracture repair, even after several days later to frac-
ture, led to impaired bone union with incomplete callus forma-
tion accompanied with more fibrotic changes. They observed 
that macrophages were also involved in promoting the osteo-
genic differentiation of marrow mesenchymal progenitor cells.14 
Moreover, a recent study clarified that inflammatory M1-mac-
rophages (F4/80+Mac-2+) played a crucial role in the initiation 
of early inflammation, and both inflammatory (F4/80+Mac-2+) 
and resident (F4/80+Mac-2-) macrophages derived anabolic sig-
nals for endochondral callus formations in murine fracture mo-
dels.19 Taken together, accumulating evidence suggests that 
ma crophages and their specific molecular mediators contribute 
to fracture healing in a phase-specific polarization-dependent 
manner.

CONCLUSIONS AND FUTURE DIRECTIONS

To date, osteal macrophages have been considered a third cel-
lular component, in addition to osteoblasts and osteoclasts. Mac-

Fig. 1. Osteal macrophages at the bone formation sites of murine bones. F4/80-positive osteal macrophages create a canopy-like structure 
over the bone remodeling site. Compare to the vehicle (VEH) treatment (A), administration of parathyroid hormones (PTH) enhances bone 
formation, resulting in cuboidal-changes of osteoblasts and increased recruitment of osteal macrophages at bone remodeling sites (B).5
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rophages construct a cellular canopy structure over bone remod-
eling sites, coordinate osteoclast-to-osteoblast coupling, and drive 
anabolic cytokines for bone formation. Macrophages also create 
a regenerative microenvironment in the fracture healing pro-
cesses. In addition, macrophages might play a role in bone and 
marrow interactions especially at the osteoblastic stem cell niche. 
Targeting osteal macrophages or their molecular mediators could 
be potent therapeutic challenges for developing anabolic thera-
pies for bone disease. Further studies are needed to develop spe-
cific targets that could be distinguished from osteoclast or in-
flammatory macrophages. 
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Acute phase reactants are a group of hepatic proteins that are 
synthesized and released into the circulation in response to cer-
tain stresses such as infection and physical injury.1 C-reactive 
protein (CRP) is a well-known, major acute phase reactant that 
was originally found in the sera of patients infected with Strepto-
coccus pneumoniae.2,3 CRP mRNA transcription is primarily in-
duced by pro-inflammatory cytokines interleukin (IL)-6 and IL-
1.4-6 The blood concentration of CRP is increased in inflamma-
tory conditions of both infectious and non-infectious etiologies 
such as urinary tract infection and hyperlipidemic acute pancre-
atitis.7,8 A growing body of evidence indicates a solid pathobio-
logical relationship between chronic inflammation and carcino-
genesis.9 Innate immune components such as Toll-like receptors 

and NOD-like receptors play a role in the regulation of inflam-
mation and development of cancer.10-12 Serum CRP level has 
been shown to be a prognostic marker in various human can-
cers.13,14 Likewise, high serum CRP level is a poor prognostic 
factor in hepatocellular carcinoma (HCC) in relation to early re-
currence.15,16 

As hepatocytes are the primary origin of CRP synthesis, it is 
highly likely that neoplastic hepatocytes retain a functional ca-
pacity to synthesize CRP under the influence of pro-inflamma-
tory stimuli. Not surprisingly, CRP expression has been rather 
extensively studied in hepatocellular adenomas,17,18 and CRP 
immunoreactivity is a critical parameter for molecular pheno-
typing and defining of the inflammatory subtype of hepatocel-
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Background: C-reactive protein (CRP) is an acute phase reactant synthesized in the liver. CRP 
immunoreactivity is a feature of inflammatory hepatocellular adenomas with a higher risk of ma-
lignant transformation. A high serum CRP level denotes poor prognosis in hepatocellular carcino-
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CRP immunoreactivity was examined in treatment-naïve HCCs (n=224) using tissue microarrays 
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but was not detected in SNU-449 cells even after IL-6 treatment. Conclusions: We report the ex-
pression of CRP in HCC for the first time. CRP expression was associated with poor cancer-spe-
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lular adenoma, which has a higher risk of malignant transfor-
mation.19-21 Of note, based on the results of immunohistochem-
istry using a panel of antibodies and fluorescence in situ hybrid-
ization for gains of chromosomes 1, 8, and MYC in HCC aris-
ing in adenoma, Kakar et al.22 recently proposed that a certain 
subset of hepatocellular adenomas may represent a well-differ-
entiated version of HCCs. However, CRP expression in HCCs 
has not yet been studied. We postulated that the evaluation of 
CRP expression in HCC may provide valuable information re-
garding the unique biology of HCCs. This study was conducted 
to determine whether CRP is produced by HCC cells and to as-
sess its clinicopathologic significance.

MATERIALS AND METHODS

Patients and tissue samples

A total of 224 cases of treatment-naïve HCCs (n=224) were 
retrieved from the files of the Department of Pathology, Asan 
Medical Center, Seoul, Korea. All cases were surgically resect-
able (R0). Early recurrence was defined as a recurrence of the 
tumor within 2 years after surgery. All patients provided writ-
ten informed consent, and this study was approved by the Insti-
tutional Review Board of Asan Medical Center, Seoul, Korea. 

Tissue microarray and immunohistochemistry

Tissue microarrays were prepared using representative forma-
lin-fixed, paraffin-embedded blocks of HCC cases. Two 2-mm-
thick tissue cores were obtained from the donor blocks and trans-
ferred onto the recipient blocks after reviewing hematoxylin 
and eosin–stained slides. Four-micrometer-thick tissue microar-
ray sections were immunostained using a rabbit polyclonal anti-
CRP antibody (1:1,000, AbCam, Cambridge, UK). The sec-
tions were transferred onto silanized slides, and heat-induced 
epitope retrieval was performed by treating the slides with Cell 
Conditioning 1 buffer for 32 minutes in a BenchMark XT au-
tomatic immunostainer (Ventana Medical Systems, Tucson, AZ, 
USA). The signals were detected using the OptiView DAB IHC 
Detection Kit (Ventana Medical Systems). The immunoreactiv-
ity was evaluated by a pathologist (C.J.K.) blinded to clinical 
information, using a 4-tier grading system: negative, grade 0; 
positive in less than 10% of tumor cells, grade 1; positive in less 
than 50% of tumor cells, grade 2; diffusely positive, grade 3.

Cell culture

Human HCC cell lines, Hep3B and SNU-449, were used for 
the analysis of CRP mRNA regulation by IL-6. Hep3B cells 

were cultured in Dulbecco’s modified Eagle medium (Life Tech-
nologies, Carlsbad, CA, USA) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomycin. SNU-449 
cells were cultured in RPMI 1640 medium (GE Healthcare Life 
Sciences, Pittsburgh, PA, USA) supplemented with 10% FBS 
and 1% penicillin/streptomycin. For IL-6 treatment, 5×105 
cells were seeded into 100-mm dishes and were treated with 50 
ng/mL of IL-6 (Cell Sciences, Canton, MA, USA) on the follow-
ing day for 6 hours. 

Quantitative real-time polymerase chain reaction

Total RNA was isolated from liver tissues (n=12) and cultur-
ed Hep3B and SNU-449 cells using Trizol and the miRNeasy 
Mini Kit (Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions. The extracted RNA (1 µg) was reverse-
transcribed using the Reverse Transcription System (Promega, 
Madison, WI, USA). Quantitative real-time polymerase chain 
reaction (qRT-PCR) analyses of CRP mRNA expression were 
performed using a TaqMan Gene Expression Assay (Hs00357041_ 
m1, Applied Biosystems, Carlsbad, CA, USA) and an ABI PRI-
SM 7000 Sequence Detection System (Applied Biosystems). The 
human RPLPO (Large Ribosomal Protein) was used as an en-
dogenous control for normalization.

Immunoblotting

Immunoblotting was done in 12 cases. Liver tissues were 
pulverized in liquid nitrogen, and total protein lysates were ob-
tained using RIPA lysis buffer. Thirty micrograms of protein 
were electrophoresed in 12% sodium dodecyl sulfate–polyacryl-
amide gel and transferred onto polyvinylidene fluoride mem-
branes (GE Healthcare Life Sciences). The membranes were 
blocked with 5% bovine serum albumin in Tris-buffered saline 
with 0.1% Tween 20 (TBS-T) and incubated at 4˚C overnight 
with mouse monoclonal primary antibodies against CRP (1:1,000, 
AbCam, Cambridge, MA, USA) and vinculin (1:1,000; Sigma-
Aldrich, St. Louis, MO, USA), respectively. The blots were sub-
sequently incubated at room temperature with horseradish per-
oxidase–conjugated secondary antibody for 1 hour (Cell Signal-
ing Technology, Danvers, MA, USA). The signals were detected 
using a SuperSignal West Dura Chemiluminescent Substrate 
(Thermo Scientific, Waltham, MA, USA).

Statistical analyses

The analyses of continuous variables and proportions were 
done using Pearson’s chi-square test and Fisher exact test. The 
survival analysis was done using the Kaplan-Meier method. In-
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dependent variables and groups were compared using the Mann- 
Whitney U test. SPSS ver. 18.0 software (SPSS Inc., Chicago, IL, 
USA) was used for all statistical analyses. 

RESULTS

CRP expression in HCC

The demographics of the study population are summarized 
in Table 1. CRP immunoreactivity was observed as diffuse cy-
toplasmic immunostaining. Overall, 59.4% (133/224) of HCC 

cases were immunopositive for CRP, with grades 1, 2, and 3 im-
munoreactivity in 25.9% (58/224), 20.1% (45/224), and 13.4% 
(30/224) of the cases, respectively (Fig. 1). When we analyzed 
the relationship between multiple clinicopathologic parameters 
and CRP immunoreactivity, we found a significant difference in 
cancer-specific survival between CRP-negative or non-diffuse 
immunopositive cases (grades 0, 1, and 2) and grade 3 immu-
nopositive cases (Fig. 2A). Grade 3 CRP immunopositive cases 
showed significantly shorter survival compared to CRP-nega-
tive or non-diffuse immunopositive cases (median of 50.7 months 
and range of 6-58 months vs. median of 58.5 months and range 
of 5–88 years; p=.0047). However, no significant correlation 
was found between the degree of CRP immunoreactivity and 
other clinicopathologic parameters including recurrence-free 
survival (Fig. 2B).

CRP mRNA expression in HCC

We further analyzed CRP protein and mRNA expression in 
HCCs (n=12) to see whether CRP expression is regulated at 
the transcriptional level. Immunoblotting for CRP confirmed 
variable expression of CRP in HCC cases (Fig. 3A). CRP sig-
nals were readily detected in six cases, but not in the remaining 
six cases. qRT-PCR analysis demonstrated a higher CRP mRNA 
expression in CRP immunopositive cases than in immunonega-
tive cases (p=.046; ΔCt median of 3.62, range of 2.8–5.98 vs 
ΔCt median of 8.56, range of 1.07–15) (Fig. 3B). 

After confirming the relationship between CRP protein and 
mRNA expression, we tested if CRP mRNA transcription was 
dependent on pro-inflammatory mediators. The treatment of 
Hep3B and SNU-449 cells with IL-6 at the concentration of 50 
ng/mL for 6 hours induced a 17.5-fold increase in CRP mRNA 
expression in Hep3B cells, but CRP mRNA expression was not 
detected in SNU-449 cells even after IL-6 treatment (Fig. 4).

DISCUSSION

The primary findings of this study are (1) CRP expression is 
relatively common in HCCs, with variable immunoreactivity 
in nearly 60% of the cases tested, (2) there is an inverse relation-
ship between diffuse and strong CRP immunoreactivity and can-
cer-specific patient survival (p=.0047), (3) CRP-positive cases 
in immunoblotting showed significantly higher CRP mRNA 
expression, suggesting that increased CRP production is a con-
sequence of transcriptional activation of CRP, and (4) CRP mRNA 
transcription is induced by IL-6 in Hep3B cells, but not in SNU-
449 cells, suggesting that CRP expression marks distinct mo-

Table 1. Clinical parameters and their relationship with CRP immu-
noreactivity

Clinical parameter
CRP  

grade 0, 1, 2 
CRP  

grade 3 
p-value 

Gender 
   Male 
   Female 

150 (67.0) 
44 (19.6) 

 20 (8.9) 
 10 (4.5) 

.019 

Age (yr) 
   <60 
   ≥ 60 

123 (54.9) 
71 (31.7) 

22 (9.8) 
8 (3.6) 

.054 

Tumor size (cm) 
   <5 
   ≥ 5 

138 (61.6) 
56 (25.0) 

19 (8.5) 
11 (4.9) 

.110 

Serum AFP (ng/mL) 
   <400 
   ≥ 400 

141 (62.9) 
53 (23.6) 

24 (10.7) 
6 (2.7) 

.125 

BCLC stage 
   A 
   B 

185 (82.6) 
9 (4.0) 

26 (11.6) 
 4 (1.8) 

< .001 

Etiology 
   HBV 
   HCV 
   NBNC 

139 (62.1) 
20 (8.9) 
35 (15.6) 

23 (10.3) 
1 (0.4) 
6 (2.7) 

.096 

Fibrosis stage (Batts-Ludwig) 
   Stage 1, 2 
   Stage 3, 4 

39 (17.4) 
155 (69.2) 

7 (3.1) 
23 (10.3) 

.454 

Microvascular invasion 
   Not identified 
   Present 

136 (60.7) 
58 (25.9) 

21 (9.4) 
9 (4.0) 

.983 

Tumor number 
   <3 
   ≥ 3

185 (82.6) 
9 (4.0) 

26 (11.6) 
4 (1.8) 

< .001

Edmondson-Steiner grade (worst) 
   Grade 1, 2 
   Grade 3, 4 

67 (29.9) 
127 (56.7) 

10 (4.5) 
20 (8.9) 

.814

Edmondson-Steiner grade (most) 
   Grade 1, 2 
   Grade 3, 4 

128 (57.1) 
66 (29.5) 

18 (8.0) 
12 (5.4) 

.241

Capsular invasion 
   Absent 
   Present 

156 (69.6) 
38 (17.0) 

25 (11.2) 
5 (2.2) 

.492

Early recurrence 
   Absent 
   Occurs 

114 (50.9) 
80 (35.7) 

15 (6.7) 
15 (6.7) 

.098

Values are presented as number (%).
CRP, C-reactive protein; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic 
Liver Cancer; HBV, hepatitis B virus; HCB, hepatitis C virus; NBNC, non-B, 
non-C hepatocellular carcinoma.
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lecular phenotypes among HCCs.
Hepatocellular carcinogenesis represents a classic model of 

viral etiology associated with chronic inflammation.23 The ele-

vation of inflammatory biomarkers such as CRP, IL-6, C-pep-
tide, and adiponectin is associated with a higher risk of HCC.24 
Several investigations have addressed the clinical significance of 

A B

C D

Fig. 1. Cytoplasmic C-reactive protein (CRP) immunoreactivity in hepatocellular carcinoma cases. Immunoreactivity is analyzed using a 4-tier 
grading system: grade 0 (A), grade 1 (B), grade 2 (C), and grade 3 (D). 

Fig. 2. Clinical significance of C-reactive protein (CRP) immunoreactivity. (A) There is a significant difference in cancer-specific survival be-
tween patients with CRP grade 3 hepatocellular carcinomas (HCCs) and those with CRP grade 0, 1, and 2 HCCs. (B) There is no difference 
in recurrence-free survival between the two groups.
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Fig. 3. Correlation between C-reactive protein (CRP) mRNA and 
protein expression in hepatocellular carcinomas (HCCs). (A) Immu-
noblotting for CRP protein shows variable expression in HCCs (N, 
non-neoplastic liver; T, HCC). CRP protein expression is not found 
in the tumor of case 4, while CRP bands are readily detectable in 
both non-neoplastic and HCC samples of cases 1, 2, and 3. (B) 
Quantitative real-time polymerase chain reaction results are shown 
in box plots of ∆Ct for CRP mRNA expression (Ct_CRP–Ct_RPLPO). 

Fig. 4. Induction of C-reactive protein (CRP) mRNA in Hep3B 
and SNU-449 hepatocellular carcinoma cell lines after inter-
leukin 6 (IL-6) treatment. (A) There are no significant changes 
in cellular morphology in either cell line after IL-6 treatment. 
(B) There is a 17.5-fold increase in CRP mRNA expression in 
IL-6–treated Hep3B cells (50 ng/mL for 6 hours), while CRP 
mRNA expression is not detected in SNU-449 cells. The y-
axis represents fold-changes in CRP mRNA expression fol-
lowing IL-6 treatment.
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serum CRP. Serum CRP has been consistently shown to be a 
key component of inflammation-based prognostication of HCC. 
Mori et al.25 proposed that a preoperative scoring system based 
on the preoperative serum concentration of CRP and alpha-fe-

toprotein has a prognostic value in patients with HCC after hep-
atectomy. Although the contribution of CRP produced by tu-
mor cells to the elevation of serum CRP cannot be directly as-
sessed, it is very probable that CRP of tumor origin is released 
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into the systemic circulation. Although we expected certain 
differences in clinicopathologic characteristics between CRP 
immunopositive and immunonegative HCCs, a clear difference 
was found only in the cancer-specific survival of strong CRP 
im munopositive cases.

One of the major potential drives for CRP overexpression is 
IL-6, and a role of IL-6 in hepatocellular carcinogenesis has been 
strongly suggested. When compared to healthy controls, cirrhot-
ic patients and HCC patients had serum IL-6 concentrations 
that were 4-fold and 25-fold higher, respectively.26 IL-6 signal-
ing mediated via IL-6 receptors activates STAT3, mitogen-acti-
vated protein kinase, and phosphatidylinositol 3-kinase path-
ways. IL-6–mediated STAT3 activation is known to be a bio-
logical link between chronic inflammation and carcinogenesis,27 
and IL-6 confers anti-apoptotic effects to cells. Blocking STAT3 
activation using STAT3 siRNA or small molecular STAT3 in-
hibitor LLL 12 has been shown to abrogate the anti-apoptotic 
effects of IL-6 against doxorubicin-induced apoptosis in SNU-
449 HCC cells, which express a higher level of endogenous IL-6 
compared to Hep3B cells.28 We thought that CRP would be 
induced in both Hep3B and SNU-449 cells by IL-6 treatment. 
However, CRP mRNA expression after IL-6 treatment was sig-
nificantly different between SNU-449 cells and Hep3B cells. 
Therefore, the observations in HCC tissue samples and the cell 
lines in vitro indicate that the degree of CRP expression involves 
several mechanisms, which need further elucidation.

A major drawback of this study is that serum CRP or IL-6 
levels could not be determined due to a lack of blood samples. 
Future analyses of the relationship between the CRP-positive 
HCC phenotype and systemic inflammatory profile will provide 
a more comprehensive understanding of the biology of HCC. 
We also could not determine the underlying biochemical mech-
anisms involved in the differential IL-6-induced responses be-
tween Hep3B and SNU-449 cells in terms of induction of CRP 
mRNA expression. Considering the complexities of IL-6 sig-
naling and CRP transcription, more in vitro studies are necessary.

In summary, we report the expression of CRP in HCC for the 
first time, and provide evidence to support the significance of 
CRP in HCC based on the clear difference in cancer-specific sur-
vival between CRP-positive and -negative cases. Overall find-
ings strongly suggest that CRP is a marker for future molecular 
phenotyping of HCC. 
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Follicular thyroid carcinoma (FTC) is the second most com-
mon thyroid malignancy with a reported incidence of 5%–20%.1 
Its preoperative diagnosis is not possible, as FTC can only be 
diagnosed in a surgically-resected specimen.2,3 However, the 
differential diagnosis between FTC, follicular adenoma (FA), 
and adenomatous goiter (AG) is often difficult, even in resected 
lesions. Occasionally AG has a fibrous capsule and solid prolif-
eration of follicles, requiring detailed microscopic examination 
for its diagnosis.4,5 The distinction between benign and malig-
nant follicular-patterned lesions solely depends on the presence 
of capsular and/or vascular invasion.4-7 Therefore, all patients 
with follicular neoplasm (FN) diagnosed with fine needle aspi-
ration are recommended to undergo a thyroid lobectomy for 
histologic confirmation.2 If the tumor is diagnosed as FTC, ad-
ditional resection of the remaining thyroid or lymph node is re-
quired. 

Previous studies have reported differential expression of sev-
eral genes in malignant neoplasms, and the use of some of those 

markers for differential diagnosis has been subsequently vali-
dated in formalin-fixed paraffin-embedded (FFPE) tissues.8-15 
DDIT3, ARG2, ITM1, and C1orf24 have been tested as addi-
tional diagnostic tools for distinguishing FTC from FA, but 
none have been proven to be reliable markers.16,17 CEACAM6, 
HMGA2, and SFN/14-3-3 δ (stratifin) need to be validated us-
ing FFPE thyroid tissues. Additionally, it has been suggested 
that the expression of survivin is higher in FTC than in FA, but 
the number of cases was limited in the study (FTC, 11 cases).11 
Galectin 3 (Gal-3), Hector Battifora mesothelial 1 (HBME1), 
cytokeratin 19 (CK19), and cyclin D1, all of which are well-es-
tablished diagnostic markers for papillary thyroid carcinoma 
(PTC), have also been used in differentiating FTC from other 
benign follicular lesions but the results are controversial.15,18-20 

In the present study, we evaluated the immunohistochemical 
expression of HMGA2, CEACAM6, survivin, SFN/14-3-3 δ, 
Gal-3, HBME1, CK19, and cyclin D1 in lesions including 41 
AGs, 72 FAs, and 79 FTCs. We also evaluated their diagnostic 
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usefulness in differentiating FTC. 

MATEIRALS AND METHODS

Tissue specimens and microarray construction

Formalin-fixed, paraffin-embedded thyroid tissue blocks were 
retrieved from the archive maintained at the Department of Pa-
thology, Seoul National University Hospital, from 2001 to 2013. 
A total of 192 cases of thyroid lesions consisting of 41 AGs, 72 
FAs, and 79 FTCs were identified, and representative tissue blocks 
were obtained for all lesions. All cases were surgically resected. 
The hematoxylin and eosin–stained slides were reviewed in each 
case to confirm the original diagnosis using the strict criteria of 
capsular invasion and vascular invasion defined by two patholo-
gists (M.H.J. and H.S.M.). AG cases were selected from the ar-
chives from 2001 to 2007, with identification of the follow-up 
records for confirming their benign nature. 

Tissue microarrays were constructed for immunohistochemi-
cal staining. A single, large tissue core (4.0 mm in diameter) 
was obtained from the most representative area of individual 
cases. Additionally, 74 cores of normal thyroid tissue from each 
matched thyroid lesion were included for negative controls. This 
study was approv ed by the Institutional Review Board of Seoul 
National University Hospital (E-1302-023-462).

Immunohistochemical analyses 

Immunohistochemistry was performed on 4-µm-thick sec-
tions of tissue microarray blocks that included 192 surgically-
removed samples. Tissue sections were deparaffinized and rehy-
drated following standard procedures. Heat-induced antigen 
retrieval was carried out and sections were incubated with pri-
mary antibodies for 32 minutes at 37°C at a dilution of 1:50 for 
HBME1 and cyclin D1, 1:100 for Gal-3 and SFN/14-3-3 δ, 
1:200 for CK19, HMGA2 and CEACAM6, and 1:600 for sur-
vivin. Monoclonal antibodies were used for Gal-3 (clone 9C4, 
Novocastra, Newcastle, United Kingdom), HBME1 (clone 
HBME-1, Dako, Carpinteria, CA, USA), CK19 (clone RCK108, 
Dako), cyclin D1 (clone SP4, Thermo Fisher Scientific, Waltham, 
MA, USA), CEACAM6 (clone 9A6, Abcam, Cambridge, MA, 
USA) and SFN/14-3-3 δ (clone 5D7, Santacruz, Dalla, TX, 
USA). Polyclonal antibodies were used for HMGA2 (Biocheck, 
Foster city, CA, USA) and survivin (Novus Biologicals, Little-
ton, CO, USA). All immunohistochemical staining was carried 
out in a BenchMark XT autostainer (Ventana Medical Systems, 
Tucson, AZ, USA) using the DAB detection kit (Ventana Med-
ical Systems). 

Immunohistochemical interpretation 

The immunohistochemical staining of tissue microarrays was 
evaluated by two pathologists (M.H.J. and H.S.M.). The im-
munoreactivity was scored for Gal-3, HBME1, CK19, cyclin 
D1, HMGA2, CEACAM6, survivin, and SFN/14-3-3 δ by 
categorizing methods based on the percentage of positive cells: 
0 (less than 10%), 1 (10%–25%), 2 (26%–50%), and 3 (more 
than 50%). In Gal-3, CK19, survivin, and SFN/14-3-3 δ, cyto-
plasmic staining was considered as positive immunoreactivity. 
Membranous staining was regarded as positive for HBME1 and 
CEACAM6, and nuclear expression was regarded as positive for 
cyclin D1 and HMGA2. 

Statistical analysis

The data was analyzed using SPSS ver. 21.0.0 for Windows 
(SPSS Inc., Chicago, IL, USA). The χ2 test or Fisher exact test 
was used to compare the expression of markers between differ-
ent diagnostic subgroups. A p-value of <.05 was considered 
statistically significant. Sensitivity, specificity, and diagnostic 
accuracy were calculated using standard formulae for each mark-
er individually, using histological diagnosis as the gold standard.

RESULTS

Clinicopathologic features

The whole series of samples was obtained from 36 males and 
156 females, with a median age of 46 years (range, 9 to 76 years). 
The mean size of FAs and FTCs was 1.83 cm (range, 1.4 to 4.7 
cm) and 3.7 cm (range, 0.8 to 7.3 cm), respectively. The FTC 
series included samples from 17 males and 61 females, with a 
median age of 42 years (range, 9 to 76 years). There were 19 
cases with vascular invasion. There was only one case that me-
tastasized to lung, and one case recurred in neck soft tissue 15 
months after a total thyroidectomy. Unfortunately, we could 
not obtain the clinicopathologic information of the primary tu-
mor of the metastatic FTC. The clinicopathologic characteris-
tics of the 78 primary FTCs are summarized in Table 1. 

Immunohistochemical expressions of markers in AGs, FAs, 
and FTCs 

Most markers, including Gal-3, HBME1, cyclin D1, HMGA2, 
CEACAM6, survivin, and SNF/14-3-3 δ, were not expressed in 
the 74 normal thyroid tissues. On the contrary, CK19 was ex-
pressed as grade 1 (10%–25%) or 2 (26%–50%) in 31.1% of 
the normal thyroid tissues. 

In the AG group (n=41), most cases showed negative or lim-
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ited immunoreactivity (less than grade 1, ≤25%) for all eight 
markers. Gal-3 was expressed in one case, but it showed rela-
tively diffuse expression (grade 2, 26%–50%). HBME1, CK19, 
and cyclin D1 were expressed in only a few cases, showing grade 
2 or 3 (grade 2: HBME1, 2/41; CK19, 3/41; cyclin D1, 3/41; 

grade 3: HBME1, 2/41; CK19, 0/41; cyclin D1, 0/41). How-
ever, HMGA2 was expressed in more cases, showing grade 2 
(6/41) and grade 3 (4/41). All cases with expression of HBME1 
(3/41) and HMGA2 (6/41) exhibited a characteristic feature of 
microfollicular proliferation of various extents, reminiscent of 
FN, and showed HBME1 and HMGA2 positivity in this area.

In the FA group (n=72), HBME1, cyclin D1, and HMGA2 
were expressed in more than 25% of tumor cells (grade 2: HB -
ME1, 12/72; cyclin D1, 24/72; HMGA2, 12/72; grade 3: HB -
ME1, 22/72; cyclin D1, 14/72; HMGA2, 18/72). There was no 
diffuse staining of CEACAM6, survivin, and SNF/14-3-3 δ. 
CK19 was expressed only in four cases, either as grade 2 (3/72) 
or grade 3 (1/72).

The expression of HBME1 and HMGA2 was the highest in 
the FTC group, followed by that of cyclin D1, which was ex-
pressed at a similar frequency with the FA group. However, 
HBME1 and HMGA2 expression were not significantly differ-
ent between FTCs without vascular invasion and FTCs with 
vascular invasion (p=.382 and p=.418, respectively). The fre-
quency of CK19 expression was higher in the FTC group than 
in the FA group, but the difference was not statistically signifi-
cant (p=.133). There was no diffuse staining of CEACAM6, 
survivin, or SNF/14-3-3 δ (Table 2). 

Overall, among the novel markers, SFN/14-3-3 δ and CEA-
CAM6 were not expressed in any of the subgroups, and survivin 
was only expressed in a small percentage of lesions (grade 0, less 
than 10%) in 14/97 FTCs. Therefore, these three markers were 
not helpful in distinguishing the diagnostic subgroups. In con-
trast, HMGA1 was significantly expressed in FTC and FA cas-
es. The represented immunohistochemical expression of all mark-
ers is shown in Fig. 1.

Diagnostic utilities of markers in differentiating FTC and FN

Next, we compared the expression of each marker between 
the diagnostic subgroups. As survivin, CEACAM6 and SNF/14-
3-3 δ were expressed in only a few cases or were not expressed 

Table 1. Clinicopathologic characteristics of 78 FTCs

Characteristic Value (n=78)

Age (yr)
   Median (range) 42 (9–76)
Sex
   Female
   Male

61
17

Location
   Right lobe
   Left lobe
   Isthmus
   Both lobe

37
38
1
2

T category
   T1a
   T1b
   T2
   T3
   T4

2
5

37
33
0

N category
   NX
   N0
   N1a
   N1b

38
37
1
2

Tumor size (cm)
   Mean (range) 3.7 (0.8–7.3)
Capsular invasion
   Minimal
   Widely

67
11

Vascular invasion
   Absent
   Present

59
19

Follow-up duration (yr)
   Mean (range) 3.33 (0.91–8.98)
Distant metastasis
   Absent
   Present

77
1

Local recurrence
   Absent
   Present

77
1

FTC, follicular thyroid carcinoma.

Table 2. Immunohistochemistry in AG, FA, FTC and its association with histologic diagnosis

Diagnosis Gal-3 HBME1 CK19 Cyclin D1 HMGA2

AG (n=41) 1 (2.4) 4 (9.8) 3 (7.3) 4 (9.8) 10 (24.4)
FA (n=72) 4 (5.6) 34 (47.2) 4 (5.6) 38 (52.8) 30 (41.7)
FTC (n=79) 6 (7.6) 52 (65.8) 10 (12.7) 35 (44.3) 44 (55.7)
p-value (FTC vs FA and AG) .364 < .001 .121 .321 .005
p-value (FTC vs FA) .748 .021 .133 .298 .085
p-value (FTC and FA vs AG) .462 < .001 1.000 <.001 .005

Numbers in parentheses indicate percentage of positive cases. p-values are calculated using the χ2 test or Fisher exact test.
AG, adenomatous goiter; FA, follicular adenoma; FTC, follicular thyroid carcinoma; Gal-3, galectin-3; HBME1, Hector Battifora mesothelial 1; CK19, cytokera-
tin 19.
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at all, they were excluded from the statistical analysis for the 
evaluation of diagnostic utilities.

HBME1 was the only marker that showed differential ex-
pression frequency between FTC and FA (p=.021) (Table 2). 
However, it was only expressed in 52 of 79 FTCs (sensitivity, 
65.8%) and its specificity remained as 52.8%. When compar-
ing malignant and benign lesions (FTC vs FA and AG), the ex-
pression of HBME1 (p<.001) and HMGA2 (p=.005) was sig-
nificantly different. In the diagnosis of malignancy, HBME1 show-
ed a slightly better sensitivity (65.8%) and specificity (66.4%) 

than HMGA2 (sensitivity, 55.7%; specificity, 64.6%). 
Additionally, we calculated the sensitivity, specificity, and di-

agnostic accuracy of the combination of HBME1 and HMGA2 
(Table 3). The combined expression of HBME1 or HMGA2 rea-
ched the highest sensitivity (72.2%), but the specificity (54.9%) 
and the diagnostic accuracy (62.0%) were similar or only slight-
ly higher than those of the single markers. The simultaneous 
expression of HBME1 and HMGA2 increased the specificity 
up to 76.1%, but its sensitivity (49.4%) was poor. 

There were no differences when comparing the diagnostic 

Fig. 1. Representative immunohistochemical results in follicular thyroid carcinoma (FTC). Galectin 3 (A), cytokeratin 19 (C), survivin (F), CEAC-
AM6 (G), and SFN/14-3-3 δ (H) are only occasionally expressed or not expressed. However, Hector Battifora mesothelial 1 (B), HMGA2 (E), 
and cyclin D1 (D) show diffuse positivity in many FTC cases.

A

E

B

F

C

G

D

H

Table 3. Diagnostic values of HBME1/HMGA2 for malignancy (FTC vs FA and AG)

Antibody Sensitivity (%) Specificity (%) PPV (%) NPV (%) Diagnostic accuracy (%)

Single marker
   HBME1
   HMGA2

65.8
55.7

66.4
64.6

57.8
52.4

73.5
67.6

66.1
60.9

Double markers
   HBME1 and HMGA2
   HBME1 or HMGA2

49.4
72.2

76.1
54.9

52.8
59.1

73.8
68.3

65.1
62.0

HBME1, Hector Battifora mesothelial 1; FTC, follicular thyroid carcinoma; FA, follicular adenoma; AG, adenomatous goiter; PPV, positive predictive value; NPV, 
negative predictive value.

Table 4. Diagnostic values of markers for FN (FTC and FA vs AG)

Antibody Sensitivity (%) Specificity (%) PPV (%) NPV (%) Diagnostic accuracy (%)

Single marker
   HBME1
   Cyclin D1
   HMGA2

57.0
48.3
49.0

90.2
90.2
75.6

96.0
94.8
88.1

36.3
32.2
28.7

64.1
57.3
54.7

Co-expression among 3 markers
   ≥ 1 among HBME1, cyclin D1, HMGA2
   ≥ 2 among HBME1, cyclin D1, HMGA2 

80.8
53.6

75.6
85.4

92.4
93.1

51.7
33.3

79.7
60.4

FN, follicular neoplasm; FTC, follicular thyroid carcinoma; FA, follicular adenoma; AG, adenomatous goiter; PPV, positive predictive value; NPV, negative pre-
dictive value; HBME1, Hector Battifora mesothelial 1.
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utility of the combination of HBME1, cyclin D1 and HMGA2 
with those of each single marker in neoplastic lesions (FN includ-
ing FTC and FA vs AG) (Table 4). As a single marker, HBME1 
showed the highest sensitivity (57.0%), and both HBME1 and 
cyclin D1 showed the highest specificity (90.2%). When more 
than one marker was expressed among HBME1, cyclin D1, and 
HMGA2, the sensitivity reached 80.9%, but the specificity de-
creased. 

DISCUSSION

Until now, the entire histologic examination of the fibrous 
capsule and vasculature after surgery has been the only way to 
precisely diagnose FTC. Thus, a preoperative diagnosis of FTC 
is needed in making an accurate preoperative plan and avoiding 
unnecessary surgery. In this study, we validated the diagnostic 
utility of HMGA2, CEACAM6, survivin, and SNF/14-3-3 δ 
with several known markers for distinguishing FTCs, expecting 
to find out a powerful diagnostic panel. 

HMGA2, CEACAM6, and SFN/14-3-3 δ were identified as 
promising molecular markers that were differentially expressed 
between benign and malignant thyroid tumors in a previous 
report by Prasad et al.14 In the immunohistochemical study, 
HMGA2 and SFN/14-3-3 δ were highly expressed in malig-
nant tumors (HMGA2, p<.001, area under the curve [AUC]= 
0.84; SFN/14-3-3 δ, p<.001, AUC=0.83). However, CEA-
CAM6 did not show significantly different immunoreactivity.8 
Belge et al.12 suggested that quantifying HMGA2 expression 
by reverse transcription polymerase chain reaction had a high 
potential to improve the diagnosis of FNs with a sensitivity of 
95.9% and a specificity of 93.9%. In our study, the sensitivity 
and specificity of HMGA2 for FTC were 55.7% and 64.6%, 
respectively. However, CEACAM6 was only expressed in infil-
trated inflammatory cells (Fig. 1). SFN/14-3-3 δ was only vali-
dated in 14 FTC cases in a previous study and thus, the results 
needed to be verified. Interestingly, its expression was specific for 
PTC.8,21 Nevertheless, our study suggested that SFN/ 14-3-3 δ 
was not an applicable marker for FTC and FN.

Haghpanah et al.11 reported that the cytoplasmic expression of 
survivin was significantly higher in FTCs than in FAs (p<.005), 
with a high odds ratio (odds ratio, 21.4), but the number of cas-
es was limited (11 FTC cases, 23 FA cases). Recently, Kim et 
al.22 observed the immunoexpression of survivin in 13/57 FTCs 
but also in 21/58 FA cases. However, survivin was only express-
ed in a small proportion (<10%) of FTCs (14/ 97) in our study 
(Fig. 1). 

Among the well-known markers for PTC that we tested in 
this study (Gal-3, CK19, and HBME1), HBME1 was the only 
one expressed at significantly higher levels in the FTC group 
compared to other groups. The use of HBME1 as a marker of 
FTC is controversial, and its low specificity has not allowed for 
the differential diagnosis of FTCs in previous reports.23,24 Our 
study yielded a similar result, showing that although the ex-
pression of HBME1 was significantly higher in the FTC group, 
it was expressed in almost half of FAs as well. However, it could 
differentiate FNs from AGs (p<.001), showing positivity in 
only 4/41 AG cases. 

Lastly, our results suggest that the combination use of HBME1 
and HMGA2 can be beneficial in the differential diagnosis of 
FTC. Both markers showed significantly increased expression in 
FTCs when used alone. When either HBME1 or HMGA2 alone, 
or both HBME1 and HMGA2 were expressed in lesions, the 
sensitivity for detecting FTC reached 72.7%. When both mark-
ers were simultaneously positive, the specificity reached 76.1%. 
Therefore, the concurrent use of HBME1 and HMGA2 may be 
more beneficial than the single use, but it requires a more so-
phisticated interpretation for FTC diagnosis. 

In summary, among all the novel immunohistochemical mark-
ers that we tested, HMGA2 was expressed at a higher level in 
FTCs than in FAs or AGs, but its overall sensitivity was slightly 
lower than that of HBME1. However, the combination of HM-
GA2 and HBME1 may be beneficial in differentiating FTCs, as 
it increased the sensitivity and the specificity for FTCs. Although 
survivin, CEACAM6, and SFN/14-3-3 δ were initially promis-
ing in differentiating malignancy, our results showed that only 
HMGA2 could help in the diagnosis of FTC.
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In the current management strategy for colorectal cancer (CRC), 
fluoropyrimidine-based adjuvant chemotherapy is generally re-
commended for all patients with stage III CRC and for a subset 
of patients with high-risk stage II CRC.1 However, some previ-
ous studies have reported that in patients with microsatellite 
instability–high (MSI-H) CRC, adjuvant chemotherapy based 
on fluorouracil, which is the most commonly used intravenous 
fluoropyrimidine agent, had little or no benefit.2 Although the 
mechanisms underlying and the factors determining this poor 
response to fluorouracil-based adjuvant chemotherapy in MSI-
H CRC patients remain incompletely understood, previous in 
vitro experiments have revealed that intact DNA mismatch re-
pair function is necessary for fluorouracil to induce apoptotic ef-
fects on cancer cells.3,4 This finding supports the observed resis-
tance of patients with MSI-H CRC to fluorouracil-based adju-
vant chemotherapy.

MSI-H CRC is characterized by unique pathologic features, 
including predilections for proximal tumor location, mucinous 
histology, medullary tumor morphology, signet ring cell tumor 
component, poor tumor differentiation, tumor-infiltrating lym-
phocytes, Crohn-like lymphoid reaction and peritumoral lym-
phoid reaction.5 Molecularly, MSI-H CRC is caused by DNA 
mismatch repair deficiency, which is usually due to the inacti-
vation of at least one of the mismatch repair genes, including 
MLH1, MSH2, MSH6, and PMS2, by germline mutation or 
acquired promoter hypermethylation.2 Recent investigations 
have also determined that germline EPCAM deletion-induced 
MSH2 epimutation can be one of the causes of Lynch syndrome-
associated MSI-H CRC.6,7 In addition, it is well known that 
sporadic MSI-H CRC is closely associated with MLH1 methyl-
ation, CpG island methylator phenotype and BRAF V600E 
mutations.2 Based on the pathologic and molecular heterogene-
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ity of MSI-H CRC, it is strongly expected that there may be 
pathologic or molecular factors affecting prognostic heterogene-
ity and differential chemotherapy responses in MSI-H CRC.2 In 
this context, our previous investigation revealed that the con-
current loss of caudal type homeobox 2 (CDX2) and cytokera-
tin 20 (CK20) expression in tumors indicates an aggressive clin-
ical phenotype that is associated with early death or tumor re-
currence in patients with MSI-H CRC.8 Ricciardiello et al.9 pre-
viously reported that in CRC patients, MSI-H status is associ-
ated with high expression of thymidylate synthase (TS), the tar-
get molecule for fluorouracil. Accordingly, this finding could be 
a putative underlying mechanism of resistance to fluorouracil 
chemotherapy in MSI-H CRC patients,9 although this has not 
been clearly shown.10-12 Recently, Dorard et al.13 demonstrated 
that mutant HSP110 expression and its causal mutation, HSP110 
T17 microsatellite deletions, can be prognostic and predictive 
markers in MSI-H CRC.13 Furthermore, we have also identified 
the usefulness of wild-type HSP110 (HSP110wt) immunohis-
tochemistry (IHC) for prognostication in MSI-H CRC.14

MSI-H CRC is associated with various features, but defini-
tive pathologic or molecular factors that can be used to predict 
the response to adjuvant chemotherapy in patients with MSI-H 
CRC have yet to be fully identified. Therefore, we decided to 
investigate the comprehensive pathologic features that are po-
tentially associated with postchemotherapeutic prognosis in 
MSI-H CRC patients. Through this intensive analysis, we an-
ticipated identifying the major determining factors for chemo-
therapy response in MSI-H CRC patients that would be helpful 
for predicting patient prognosis and establishing treatment strat-
egies in the clinical setting.

MATERIALS AND METHODS

Study samples

A total of 125 MSI-H CRC tissues were retrospectively col-
lected from the pathology archives of Seoul National University 
Hospital, Seoul, Korea and Seoul National University Bundang 
Hospital, Seongnam, Korea. All samples were obtained from 
patients who underwent curative surgery and subsequent adju-
vant chemotherapy for CRC at these institutions between 2004 
and 2008. During this time, 2,957 consecutive patients with 
CRC who were treated at these institutions were subjected to 
MSI analysis conducted by the molecular pathology division of 
Seoul National University Hospital; of these patients, 237 were 
diagnosed as MSI-H. Among them, patients who were deter-
mined to be American Joint Committee on Cancer TNM stage 

I or IV and who had undergone surgery alone or preoperative 
neoadjuvant chemotherapy or radiation therapy for the treat-
ment of CRC were excluded. Finally, 125 stage II or III MSI-H 
CRC patients who had received postoperative fluoropyrimidine-
based chemotherapy as a first-line adjuvant treatment were in-
cluded in this study. Of these patients, 51 received fluorouracil/
leucovorin, 29 received oral prodrug of fluorouracil (21 capecita-
bine and 8 tegafur-uracil), 43 received fluorouracil/leucovorin/
oxaliplatin and 2 received capecitabine/oxaliplatin. MSI analysis 
was previously performed in the molecular pathology laboratory 
of Seoul National University Hospital.14 Five microsatellite mark-
ers (BAT-25, BAT-26, D5S346, D17S250, and D2S123) rec-
ommended by the National Cancer Institute were used in the 
MSI analysis, and MSI-H status was defined as the presence of 
two or more markers showing instability in tumor DNA com-
pared with normal DNA. 

Ethics statement

This study was approved by the Institutional Review Board 
of Seoul National University Hospital (IRB No. H-1203-072-
402). Under the condition of retrospective archival tissue col-
lection and data anonymization, our study was exempt from in-
formed consent of the participants. All patient records/informa-
tion were anonymized and de-identified prior to analysis.

Surgical pathology analysis

We reviewed the surgical and pathological reports and retri-
eved data on tumor location, size, multiplicity, and gross type. 
For survival analysis, all patients were categorized into proximal 
or distal for tumor location using the splenic flexure as a divid-
ing point and were classified into large or small for tumor size 
using a cutoff value of the average tumor size (7 cm). Two pa-
thologists (J.H.K. and J.M.B.), who were blinded to the clini-
copathologic and molecular data of the cases, independently 
evaluated the histopathologic features of the 125 MSI-H CRCs 
by examining hematoxylin and eosin-stained tissue slides using 
light microscopy. The assessed histopathologic factors included 
tumor border, pT/pN categories, lymphovascular invasion, peri-
neural invasion, tumor differentiation, tumor budding, peritu-
moral lymphoid reaction, Crohn-like lymphoid reaction, muci-
nous, signet ring cell, medullary, serrated, and cribriform com-
edo tumor components. Conflicting assessment results between 
the two pathologists were reviewed and discussed, and a con-
sensus was reached. The assessment criteria for histologic pa-
rameters used in this study are described below.
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Tumor differentiation

Although all MSI-H CRCs are considered low-grade tumors 
according to the 2010 World Health Organization (WHO) 
classification,15 the degree of histomorphologic differentiation 
for each tumor in this study was graded as one of three differen-
tiation statuses (well, moderately, or poorly differentiated) based 
on the percentage of gland formation (>95%, 50%–95%, and 
<49%, respectively).

Tumor budding

Tumor budding status was evaluated as previously described.16 
Tumor budding was defined as a single tumor cell or a cluster 
composed of <five tumor cells at the invasive margin. Under a 
light microscopic field with ×200 magnification, the number 
of tumor buds was counted in the most intensive budding area. 
A tumor showing five or more buds in this area was determined 
to be tumor budding-positive.

Peritumoral lymphoid reaction

The peritumoral lymphoid reaction was assessed using the 
four-tier scoring system suggested by Klintrup et al.17 No in-
crease in lymphoid cells at the invasive margin was scored as 0; 
a mild and patchy increase in lymphoid cells without destruc-
tion of tumor cells by lymphocytes was scored as 1; a band-like 
infiltration of lymphoid cells at the invasive margin with focal 
destruction of tumor cells by lymphocytes was scored as 2; and 
a cup-like intense lymphoid infiltration at the invasive margin 
with frequent destruction of tumor cells by lymphocytes was 
scored as 3. Among the 125 cases, four were excluded from the 
peritumoral lymphoid reaction assessment owing to suboptimal 
staining or tissue section qualities of peritumoral areas.

Crohn-like lymphoid reaction

Crohn-like lymphoid reaction activity was evaluated using 
Ueno’s criteria.18 The maximum size of the largest lymphoid 
aggregate of Crohn-like lymphoid reaction in CRC was mea-
sured. Tumors with the largest lymphoid aggregate ≥1 mm 
were classified into the active reaction group, whereas tumors 
with the largest lymphoid aggregate <1 mm were classified 
into the inactive reaction group. Among the 125 cases, four 
were excluded from the Crohn-like lymphoid reaction assess-
ment owing to suboptimal staining or tissue section qualities of 
peritumoral areas.

Mucinous histology

The degree of extracellular mucin pools in a tumor was as-

sessed as absent, focal (<50% of tumor area), or diffuse (≥50% 
of tumor area). 

Signet ring cell tumor component

The signet ring cell component in a tumor was assessed as ab-
sent, focal (<50% of tumor cells), or diffuse (≥50% of tumor cells).

Medullary tumor component

The medullary component in a tumor was assessed as absent, 
focal (<50% of tumor cells), or diffuse (≥50% of tumor cells). 
Medullary features were determined based on the combination 
of sheet-like growth pattern of large tumor cells, high nuclear/
cytoplasmic ratios, abundant amphophilic cytoplasm, vesicular 
nuclei, prominent nucleoli and frequent tumor-infiltrating lym-
phocytes.19

Serrated tumor component

The serrated component in a tumor was assessed as absent, 
focal (<50% of tumor cells), or diffuse (≥50% of tumor cells). 
Serrated morphology was determined based on the combination 
of glandular serrations, abundant eosinophilic or clear cytoplasm, 
vesicular nuclei, prominent nucleoli, absence of necrosis and in-
tra- and extracellular mucin.20

Cribriform comedo tumor component

The cribriform comedo component in a tumor was assessed 
as absent, focal (<50% of tumor cells), or diffuse (≥50% of tu-
mor cells). Cribriform comedo histology was defined as cribri-
form gland architecture with a comedo-like necrosis pattern re-
sembling breast intraductal carcinoma.21

Immunohistochemistry

Tissue microarray (TMA) construction and IHC were con-
ducted as previously described.14 For TMA construction, three 
tissue cores corresponding to three different areas of cancer were 
extracted from formalin-fixed, paraffin-embedded tissue blocks 
of individual cases. Immunostaining with antibodies against 
MLH1 (Dako, Glostrup, Denmark), MSH2 (Invitrogen, Ca-
marillo, CA, USA), PMS2 (Ventana Medical Systems, Tucson, 
AZ, USA), MSH6 (Ventana Medical Systems), CDX2 (Ventana 
Medical Systems), CK20 (Dako), TS (Invitrogen), and HSP110wt 
(NCL-HSP105, Leica Biosystems, Newcastle upon Tyne, UK) 
was performed on TMA blocks composed of all 125 MSI-H CRC 
tissues. Automated immunohistochemical staining was conduct-
ed using the BenchMark XT immunostainer (Ventana Medical 
Systems) according to the manufacturer’s protocol. The expres-
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Table 1. The pathologic features of samples used in this study (stage II/III MSI-H CRCs treated with fluoropyrimidine-based adjuvant chemo-
therapy)

Variable
Total patients 

(n=125)
Patients receiving oxalipla-
tin-based therapy (n=45)

Patients receiving non-oxalipl-
atin–based therapy (n=80)

Tumor location Proximal
Distal

83 (66)
42 (34)

30 (67)
15 (33)

53 (66)
27 (34)

Tumor size Large (≥ 7 cm)
Small (<7 cm)

54 (43)
71 (57)

23 (51)
22 (49)

31 (39)
49 (61)

Tumor multiplicity Solitary
Multiple

113 (90)
12 (10)

43 (96)
2 (4)

70 (88)
10 (12)

Gross tumor type Polypoid
Ulcerofungating
Ulceroinfiltrative

9 (7)
84 (67)
32 (26)

0 (0)
27 (60)
18 (40)

9 (11)
57 (71)
14 (18)

Tumor border Expanding
Infiltrative

19 (15)
106 (85)

4 (9)
41 (91)

15 (19)
65 (81)

Depth of tumor invasion (pT category) pT1
pT2
pT3
pT4

1 (1)
0 (0)

108 (86)
16 (13)

0 (0)
0 (0)

32 (71)
13 (29)

1 (1)
0 (0)

76 (95)
3 (4)

Lymph node metastasis (pN category) pN0
pN1
pN2

80 (64)
26 (21)
19 (15)

16 (36)
15 (33)
14 (31)

64 (80)
11 (14)
5 (6)

Lymphovascular invasion Absent
Present

90 (72)
35 (28)

20 (44)
25 (56)

70 (88)
10 (13)

Perineural invasion Absent
Present

117 (94)
8 (6)

39 (87)
6 (13)

78 (98)
2 (3)

Peritumoral lymphoid reaction Absent
Mild (grade 1)
Moderate (grade 2)
Marked (grade 3)

8 (7)
41 (34)
56 (46)
16 (13)

7 (17)
12 (29)
17 (40)
6 (14)

1 (1)
29 (37)
39 (49)
10 (13)

Crohn-like lymphoid reaction Inactive (largest LA size<1 mm)
Active (largest LA size≥ 1 mm)

66 (55)
55 (45)

31 (74)
11 (26)

35 (44)
44 (56)

Tumor differentiation WD
MD
PD

12 (10)
86 (69)
27 (22)

4 (9)
27 (60)
14 (31)

8 (10)
59 (74)
13 (16)

Tumor budding Negative (<5 buds)
Positive (≥ 5 buds)

100 (80)
25 (20)

32 (71)
13 (29)

68 (85)
12 (15)

Mucinous component Absent
Focal (<50%)
Diffuse (≥ 50%)

53 (42)
45 (36)
27 (22)

19 (42)
14 (31)
12 (27)

34 (42)
31 (39)
15 (19)

Signet ring cell component Absent
Focal (<50%)
Diffuse (≥ 50%)

112 (90)
8 (6)
5 (4)

38 (84)
3 (7)
4 (9)

74 (93)
5 (6)
1 (1)

Medullary component Absent
Focal (<50%)
Diffuse (≥ 50%)

121 (97)
0 (0)
4 (3)

43 (96)
0 (0)
2 (4)

78 (98)
0 (0)
2 (3)

Serrated component Absent
Focal (<50%)
Diffuse (≥ 50%)

114 (91)
11 (9)
0 (0)

41 (91)
4 (9)
0 (0)

73 (91)
7 (9)
0 (0)

Cribriform comedo component Absent
Focal (<50%)
Diffuse (≥ 50%)

122 (98)
3 (2)
0 (0)

43 (96)
2 (4)
0 (0)

79 (99)
1 (1)
0 (0)

MLH1 expression Negative
Positive

88 (70)
37 (30)

32 (71)
13 (29)

56 (70)
24 (30)

MSH2 expression Negative
Positive

35 (28)
90 (72)

17 (38)
28 (62)

18 (23)
62 (78)

MSH6 expression Negative
Positive

37 (30)
88 (70)

18 (40)
27 (60)

19 (24)
61 (76)

PMS2 expression Negative
Positive

92 (74)
33 (26)

32 (71)
13 (29)

60 (75)
20 (25)

CDX2 expression Negative
Positive

15 (12)
110 (88)

8 (18)
37 (82)

7 (9)
73 (91)

(continued to the next page)
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Variable
Total patients 

(n=125)
Patients receiving oxalipla-
tin-based therapy (n=45)

Patients receiving non-oxalipl-
atin–based therapy (n=80)

CK20 expression Negative
Positive

22 (18)
103 (82)

10 (22)
35 (78)

12 (15)
68 (85)

HSP110wt expression Negative (0)
Weak positive (1+)
Intermediately positive (2+)
Strong positive (3+)

15 (12)
20 (16)
49 (39)
41 (33)

4 (9)
12 (27)
18 (40)
11 (24)

11 (14)
8 (10)

31 (39)
30 (38)

TS expression Low (0/1+)
High (2+/3+)

69 (55)
56 (45)

30 (67)
15 (33)

39 (49)
41 (51)

Values are presented as number (%). 
LA, lymphoid aggregate; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; HSP110wt, wild-type HSP110.

Table 1. continued

sion of CDX2, CK20 and each of the mismatch repair proteins 
was assessed to be negative (loss) or positive (retained), as previ-
ously described.8 The positivity of CDX2 and mismatch repair 
proteins was determined when a nuclear staining pattern in tu-
mor cells was observed. CK20 expression was determined to be 
positive when a cytoplasmic to membranous staining pattern in 
tumor cells was observed. HSP110wt and TS expression status-
es were evaluated semiquantitatively using a four-tier scoring 
system based on staining intensity (0/1+/2+/3+), as previously 
described.14,22 The detailed steps of HSP110wt and TS assess-
ment were as follows. Among the three tissue cores of each tu-
mor case, identical scores for two or more tissue cores determin-
ed the overall score for the case. Subsequently, for survival anal-
ysis, all cases were dichotomously categorized into negative (0) 
or positive (1+/2+/3+) for HSP110wt expression status and low 
(0/1+) or high (2+/3+) for TS expression status. The assessment 
of all immunohistochemical stainings in this study was perform-
ed independently by two pathologists (J.H.K. and J.M.B.), who 
were blinded to the clinicopathologic and molecular data. Con-
flicting assessment results between the two pathologists were 
reviewed and discussed, and a consensus was reached.

Statistical analysis

All statistical analyses in this study were performed using 
IBM SPSS Statistics ver. 20 (IBM Co., Armonk, NY, USA). By 
reviewing the medical records of our institutions and using the 
Micro Data Service System by Statistics Korea, the times of 
death, tumor recurrence and the last clinical follow-up for dis-
ease-free survival (DFS) data were collected. The average DFS 
time was 1,817 days and ranged from 29 to 3,186 days. The 
DFS rates were analyzed using the Kaplan-Meier method with 
the log-rank test. To identify independent prognostic factors, 
univariate and multivariate survival analyses were performed 
using the Cox proportional hazards regression model. For sur-
vival analysis, all 125 patients included in this study were di-

vided into two groups: those receiving oxaliplatin-based therapy 
(n=45; 43 fluorouracil/leucovorin/oxaliplatin, 2 capecitabine/ 
oxaliplatin) and those receiving non-oxaliplatin–based therapy 
(n=80; 51 fluorouracil/leucovorin, 21 capecitabine, 8 tegafur-
uracil). All p-values were two-sided, and statistical significance 
was determined at p<.05.

RESULTS

Pathologic features of study samples

The pathologic and immunophenotypic features of 125 MSI-
H CRC patients treated with fluoropyrimidine-based adjuvant 
chemotherapy are summarized in Table 1. Representative pho-
tomicrographs of histopathologic and immunohistochemical 
features, including tumor budding, mucinous histology, signet 
ring cell component, medullary component, serrated morphol-
ogy, cribriform comedo histology, HSP110wt expression and 
TS expression, are demonstrated in Figs. 1 and 2, respectively.

Survival analysis

In the preliminary survival analysis of patients treated with 
oxaliplatin- and non-oxaliplatin–based therapies, there were no 
significant differences in DFS between polypoid and ulcerofun-
gating types, pT1 and pT3, pN0 and pN1, scores 1, 2, and 3 
for peritumoral lymphoid reaction, well differentiation and mo-
derate differentiation, focal presence (<50%) and diffuse pres-
ence (≥50%) of each tumor component (mucinous, signet ring 
cell, medullary, serrated, and cribriform comedo components), 
and 1+, 2+, and 3+ of HSP110wt expression. Therefore, we 
decided to unify each of these sub-classifications into one cate-
gory, and consequently, all pathologic variables assessed in this 
study were dichotomously categorized for subsequent survival 
analyses (Table 1).

Kaplan-Meier survival analysis with log-rank test revealed 
that, among the 26 pathologic and immunohistochemical fac-
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Fig. 1. Histopathologic features in microsatellite instability–high colorectal cancers. (A) A case determined to be tumor budding–positive (buds 
≥ 5). (B) A case classified as mucinous adenocarcinoma. (C) A case classified as signet ring cell carcinoma. (D) A case classified as medul-
lary carcinoma. (E) A case showing a serrated tumor component. (F) A case showing a cribriform comedo-type tumor component.

tors, ulceroinfiltrative gross tumor type (p=.003) (Fig. 3A), pT4 
stage (p<.001) (Fig. 3B), pN2 stage (p=.002) (Fig. 3C), pres-
ence of perineural invasion (p=.001) (Fig. 3D), absence of peri-
tumoral lymphoid reaction (p=.041) (Fig. 3E), presence of sig-
net ring cell component (p=.006) (Fig. 3F), and presence of 

cribriform comedo histology (p=.004) (Fig. 3G) were signifi-
cant factors for poorer DFS in MSI-H CRC patients who were 
treated with oxaliplatin-based adjuvant chemotherapy. In con-
trast, pT4 stage (p<.001) (Fig. 4A) and tumor budding-posi-
tivity (p=.032) (Fig. 4B) were significantly associated with poor-
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er DFS in patients treated with non-oxaliplatin–based chemo-
therapy. Notably, although a statistical significance in survival 
differences was not observed, there were no deaths or incidences 
of CRC recurrence in patients with the HSP110wt-negative 
phenotype (Figs. 3H, 4C).

Finally, to determine the most significant factor among the 
pathologic prognosticators, we performed univariate and multi-
variate survival analyses using the Cox proportional hazards re-
gression model. In univariate analysis, gross tumor type, pT cat-
egory, pN category, perineural invasion, signet ring cell compo-
nent and cribriform comedo component were significant prog-
nostic factors in patients treated with oxaliplatin-based therapy 
(Table 2). By contrast, only the pT category was a significant 
factor in patients treated with non-oxaliplatin–based therapy 
(hazard ratio, 17.6; 95% confidence interval, 3.34 to 92.8; p= 
.001). In multivariate analysis, the pT4 stage, signet ring cell 
histology and cribriform comedo histology were determined to 

be independent prognostic factors associated with poor DFS in 
patients treated with oxaliplatin-based therapy (Table 2).

DISCUSSION

MSI-H is one of the major molecular subtypes of CRC and 
has been thought to be associated with poor response to fluoro-
uracil-based adjuvant chemotherapy. However, recent evidence 
has suggested that MSI is not a significant factor for determin-
ing postchemotherapeutic prognosis in CRC patients who have 
been treated with oxaliplatin-based adjuvant chemotherapy.2 
Although controversy may still remain, these findings imply 
that adding oxaliplatin to fluorouracil-based chemotherapy reg-
imens may be important for overcoming fluorouracil-resistance 
in MSI-H CRC patients. Therefore, because the pathologic and 
molecular factors that affect patient prognosis after adjuvant 
chemotherapy could be fundamentally different depending on 

A B

C D

Fig. 2. Immunohistochemical expression of wild-type HSP110 (HSP110wt) and thymidylate synthase (TS) in microsatellite instability–high 
colorectal cancers. (A) A case showing high-level expression of HSP110wt (score 3+). (B) A case showing HSP110wt-negativity (score 0). (C) 
A case showing high-level expression of TS (score 3+). (D) A case showing low-level expression of TS (score 0).
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Fig. 3. Kaplan-Meier survival analyses of microsatellite instability–high colorectal cancer patients receiving oxaliplatin-based chemotherapy 
(n= 45). (A-G) The disease-free survival of patients differed significantly according to gross tumor type (A), pT category (B), pN category (C), 
perineural invasion (D), peritumoral lymphoid reaction (E), signet ring cell component (F), and cribriform comedo component (G). (H) Note the 
absence of death or tumor recurrence in patients with wild-type HSP110 (HSP110wt)-negative tumors.
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the presence or absence of oxaliplatin in their chemotherapy re-
gimens, for survival analysis, all 125 patients with MSI-H CRC 
in our present study were divided into patient subgroups based 
on whether they were treated with oxaliplatin- or non-oxalipla-
tin–based therapy.

In terms of pathology, the depth of tumor invasion (pT cate-
gory), lymph node metastasis (pN category), gross tumor type, 

tumor budding, perineural invasion, lymphocytic reactions, 
and signet ring cell tumor component are known prognostic 
pathologic factors in CRC.23 Therefore, it is not surprising that 
in the present study, these features were confirmed as being sig-
nificant factors for postchemotherapeutic prognosis in patients 
with MSI-H CRC. However, several interesting issues regard-
ing the prognostic pathologic features identified in our study 
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Table 2. Univariate and multivariate survival analyses of stage II/III MSI-H CRC patients treated with oxaliplatin-based adjuvant chemotherapy

Variable n
Univariate analysis

p-value
Multivariate analysis

p-value
HR (95% CI) HR (95% CI)

Gross tumor type
   Polypoid/ulcerofungating
   Ulceroinfiltrative

27
18

Reference
  4.4 (1.49-12.97)

.007
Reference

1.76 (0.51-6.12)

.373

Depth of tumor invasion (pT category)
   pT1-pT3
   pT4

32
13

Reference
6.23 (2.19-17.77)

.001
Reference

 4.91 (1.42-16.95)

.012

Lymph node metastasis (pN category)
   pN0-pN1
   pN2

31
14

Reference
4.56 (1.61-12.91)

.004
Reference

   2 (0.59-6.85)

.268

Perineural invasion
   Absent
   Present

39
  6

Reference
5.68 (1.88-17.22)

.002
Reference

0.94 (0.25-3.57)

.932

Signet ring cell component
   Absent 
   Present 

38
  7

Reference
4.09 (1.38-12.13)

.011
Reference

4.31 (1.11-16.83)

.035

Cribriform comedo component
   Absent 
   Present 

43
  2

Reference
6.93 (1.48-32.36)

.014
Reference

7.86 (1.04-59.17)

.045

MSI-H, microsatellite instability–high; CRC, colorectal cancer; HR, Cox hazard ratio; 95% CI, 95% confidence interval of HR.

Fig. 4. Kaplan-Meier survival analyses of microsatellite instability-high colorectal cancer patients receiving non-oxaliplatin–based chemothera-
py (n= 80). (A, B) The disease-free survival of patients differed significantly according to the pT category (A) and tumor budding (B). (C) Note 
the absence of death or tumor recurrence in patients with wild-type HSP110 (HSP110wt)-negative tumors.
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remain to be addressed.
One of our interesting findings is the potential association 

between the peritumoral lymphoid reaction and the response to 
oxaliplatin-based chemotherapy in CRC (Fig. 3E). It has been 
well documented that host immune reactions against the tumor 
can determine the prognosis of cancer patients. It has also been 
reported that peritumoral inflammatory reaction is an indepen-
dent prognostic factor in patients with CRC.24 However, there 
has not been enough evidence to support a relationship between 
peritumoral inflammatory reaction and treatment response in 
CRC patients receiving adjuvant chemotherapy. Therefore, our 
data provide an important and timely indication of the value of 

peritumoral lymphoid reaction in predicting the response of 
CRC patients to oxaliplatin-based chemotherapy. According to 
a previous in vitro study, oxaliplatin can induce the immunogen-
ic death of CRC cells,25 and this finding could account for the 
favorable prognostic effect of peritumoral lymphoid reaction 
during oxaliplatin-based chemotherapy in patients with CRC.

Another interesting finding is the prognostic significance of 
cribriform comedo-type histology in MSI-H CRC patients re-
ceiving oxaliplatin-based chemotherapy (Table 2, Fig. 3G). Ac-
cording to a previous study by Chirieac et al.,21 the presence of 
cribriform comedo gland patterns in microsatellite-stable CRCs 
was significantly associated with CpG island hypermethylation. 



http://jpatholtm.org/http://dx.doi.org/10.4132/jptm.2015.02.05

Colorectal Cancer Pathology and Chemotherapy • 127

However, the detailed prognostic implications of the cribriform 
comedo morphology in CRC, including both MSI-H and MSI-
low/microsatellite-stable phenotypes, have not been studied. To 
the best of our knowledge, our investigation is the first study 
reporting the prognostic impact of cribriform comedo histology 
in CRC, though our study samples were restricted to patients 
with MSI-H tumors receiving adjuvant chemotherapy. As such, 
additional efforts to elucidate the clinicopathologic and molecu-
lar associations and the prognostic values of cribriform comedo 
histology in CRC are needed.

Previous studies have suggested a few molecular factors puta-
tively associated with resistance to fluorouracil chemotherapy in 
CRC, such as TS expression, but the practical predictive value 
of these factors remains unclear.26 In addition, although the ben-
eficial effect of fluorouracil-based adjuvant chemotherapy in pa-
tients with MSI-H CRC has been doubtful, few established bio-
markers can be used to stratify MSI-H CRC patients into che-
motherapy-responsive or chemotherapy-nonresponsive subgroups. 
In this context, recent investigations have reported notable find-
ings regarding HSP110 T17 deletions and HSP110 expression 
alterations as promising prognostic and predictive markers in 
MSI-H CRC.13 In our previous study, we suggested that IHC 
for HSP110wt could be a useful tool for stratifying prognostic 
subgroups of patients with MSI-H CRC.14 Therefore, we also 
applied HSP110wt immunostaining in the present study to 
verify the predictive value of this method in MSI-H CRC pa-
tients undergoing adjuvant chemotherapy. However, there were 
no significant survival differences according to HSP110wt ex-
pression status in the patient groups receiving either oxaliplat-
in- or non-oxaliplatin–based therapies (Figs. 3H, 4C). Interest-
ingly, although the results of survival analysis were not statisti-
cally significant, all patients with HSP110wt-negative tumors 
did not experience death or tumor recurrence. This finding was 
consistent with the results of our previous investigation. In our 
previous study, among 168 MSI-H CRC patients, there were 
no deaths or incidences of tumor recurrence in patients with 
HSP110wt-negative tumors.14 Collectively, our previous and 
present data suggest that HSP110wt-negative MSI-H CRCs 
may be characterized by remarkably favorable prognosis. Al-
though we could not prove the prognostic significance of HSP-
110wt expression in our cohort of MSI-H CRC patients receiv-
ing adjuvant chemotherapy, the potential associations between 
HSP110 mutation/HSP110 expression statuses and responses 
to chemotherapy in MSI-H CRC should be further evaluated.

The final issue to be addressed is an interpretation of our 
study results in terms of potential chemotherapy resistance in 

MSI-H CRC. Interestingly, recent investigations have suggest-
ed that the prognostic impact of the pT category has been un-
derestimated in CRC staging. According to the study by Li et 
al.,27 the pT category is more significantly associated with pa-
tient survival than the pN category in CRC. In addition, ac-
cording to the study by Snaebjornsson et al.,28 pT4 is the most 
significant determinant of poor survival in stage II/III colon can-
cer patients. Based on these reports, our conclusion that pT4 
status is the most important indicator of poor outcome after ad-
juvant chemotherapy in stage II/III MSI-H CRC suggests that 
the adverse prognostic effect of the major high-risk factor (pT4) 
in stage II/III CRC is not improved after adjuvant chemothera-
py in MSI-H CRC. In other words, this finding may reflect poor 
responses to fluoropyrimidine-based adjuvant chemotherapy in 
patients with MSI-H CRC.

In summary, regardless of the efficacy of fluoropyrimidine-based 
adjuvant chemotherapy in MSI-H CRC patients, the depth of 
tumor invasion can be considered the most significant patho-
logic factor associated with postchemotherapeutic prognosis in 
patients with locally advanced MSI-H CRC. In addition, other 
pathologic factors, including gross tumor type, lymph node 
metastasis, perineural invasion, peritumoral lymphoid reaction, 
signet ring cell component, cribriform comedo histology, and 
HSP110 expression, should be further evaluated as potential 
predictive factors for response to adjuvant chemotherapy in CRC 
patients.
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The retroperitoneum has long been an area of interest in the 
aspect of diagnostic procedure because diagnostic procedures 
generally used in other sites fall short of providing the requisite 
access. Considering the numerous and heterogeneous contents 
of this region, lesions may be encountered in lymph nodes, soft 
tissues, adrenal glands, kidneys, ureters, and the aorta and its 
branches.

Two cytodiagnostic techniques are available to obtain cytolo-
gy samples. They are fine needle cytology with aspiration (FNC-
A) and an alternative “non-aspiration technique” (FNC-NA),1,2 
which was developed in France. 

Although a large volume of data is available to compare FNC-
A and FNC-NA sampling in superficial lesions, no literature is 
available regarding FNC-NA for retroperitoneal masses. There-
fore, we have studied the utility of FNC-NA by comparing it 
with FNC-A and with histopathology.

MATERIALS AND METHODS

The study was carried out in the Department of Pathology 

from August 2010 to July 2013 on 57 patients with retroperi-
toneal masses on ultrasound (USG). After proper workup, in-
cluding detailed clinical history and examination, FNC-A was 
performed using a 9 cm, 22–24 gauge spinal needle attached to 
a 20-mL syringe. FNC-NA was performed with a 22–24 gauge 
spinal needle without a syringe. Fine needle aspiration sampling 
was performed as described previously.3 

FNC-NA was performed by holding the needle directly with 
the finger tips and inserting it into the target lesion with USG 
guidance. After reaching the site, the stylet was removed and 
the needle was moved back and forth in various directions at 
different depths. Removal of the stylet at this stage avoids con-
tamination of diagnostic material with other tissues of the nee-
dle track. The needle was then taken out from the site and con-
nected to a syringe filled with air. Cellular material was then 
expelled onto a glass slide. Uniform and thinly spread smears 
were obtained with the superimposition technique.1

Both cytotechniques were done at the same time and slides 
were made by a single operator, avoiding bias in all stages of 
sampling from patient examination to slide fixation. Smears 
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were stained with May-Grunwald Giemsa and hematoxylin and 
eosin stain. An individual slide was objectively analysed using a 
point scoring system4 to enable comparison between FNC-A 
and FNC-NA techniques as shown in Table 1. On the basis of 
the five criteria tabulated, a cumulative score between 0–10 
points was allocated to each fine needle specimen, which was 
then categorized as unsuitable for cytodiagnosis (score, 0–2), 
suitable for cytodiagnosis (score, 3–6) or diagnostically superior 
(score, 7–10). Accuracy of the cytological diagnoses was assess-
ed by two different pathologists through comparison with the 
histological diagnosis All the results so obtained were interpret-
ed statistically using the student’s t-test.

RESULTS

Fifty-seven cases of retroperitoneal lesions were studied in pa-
tients ranging from 6–80 years of age. Most patients (56.1%) 
were 50–60 years old; 37 patients (64.9%) were male and 20 
(35.0%) were female.

Thirty cases (52.6%) were from the kidney followed by 12 
cases (21.0%) from retroperitoneal lymph nodes. Eleven cases 
(19.2%) were from soft tissues and miscellaneous organs, while 
only four cases (7.0%) were from the adrenal glands. 

Among 30 cases of renal masses, eight (14.0%) were polycys-
tic kidney disease, 16 cases (28.0%) were renal cell carcinoma 
and six (10.5%) were neuroblastoma. Out of twelve cases of ret-
roperitoneal lymphadenopathy, tuberculous lymphadenitis was 
found in six cases (10.5%), while non-Hodgkin lymphoma and 
metastatic seminoma were found in three cases each (5.2%). Out 
of 11 cases (19.2%) of soft tissue tumours, six cases (10.5%) were 
diagnosed as liposarcoma, three cases (5.2%) as malignant fi-
brous histiocytoma, and two cases (3.5%) as fibrosarcoma. All 
four cases (7.0%) of adrenal mass were pheochromocytoma. The 
relatively high incidence of neuroblastoma does not reflect the 
epidemiological incidence of this area, because our center is a 
referral center and caters to the referred patients from eastern 
parts of India and Nepal. Although polycystic kidney does not 
present as a renal mass, a provisional diagnosis of cystic renal le-
sion was rendered in radiological workup. Therefore, cytologi-
cal examination was performed to arrive at an accurate diagnosis 
and to differentiate among cystic lesions such as benign renal 
cysts, cystic renal cell carcinoma and polycystic kidney. 

FNC-A had more blood contamination than FNC-NA smears 
in all cases and the difference between the techniques was sta-
tistically significant in all cases except adrenal masses (Table 2, 
Fig. 1).

Table 1. Modified scoring system used in the interpretation of cytological features

Criteria Description Point score

Background, blood clot Large amount
Large amount
Moderate
Moderate
Minimal

Great compromise to diagnosis
Diagnosis still possible
Diagnosis possible
Diagnosis evident
Excellent quality

0
0.5
1
1.5
2

Amount of cellular material Absent
Minimal
Moderate
Moderate to abundant
Abundant

Diagnosis not possible
Diagnosis still possible
Sufficient for diagnosis
Diagnosis evident
Diagnosis simple, excellent quality

0
0.5
1
1.5
2

Degree of cellular degeneration Marked
Marked
Moderate
Moderate
Minimal

Diagnosis impossible
Diagnosis still possible
Diagnosis possible
Diagnosis evident
Diagnosis easy

0
0.5
1
1.5
2

Degree of cellular trauma Marked
Marked
Moderate
Moderate
Minimal

Diagnosis impossible
Diagnosis still possible
Diagnosis possible
Diagnosis evident
Diagnosis easy

0
0.5
1
1.5
2

Retention of appropriate architectures Minimal to absent
Minimal
Moderate

Moderate
Excellent

Diagnosis impossible
Diagnosis still possible
Some preservation 
Follicles, papillae, acini, flat sheets, syncitia, single cells, etc.
Diagnosis evident
Excellent architectural display closely reflecting histological diagnosis

0
0.5
1

1.5
2
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FNC-A smears revealed more dislodged cellular material across 
the slides than FNC-NA smears but statistical superiority was 
seen only for retroperitoneal lymph nodes (p<.01) (Table 2).

Cellular degeneration was greater in FNC-A in all cases, but 
this difference was statistically significant for kidney (p=.03) 

and miscellaneous groups (p=.04) only.
Greater trauma was observed in FNC-A smears as evidenced 

by increased blood contamination, clumping of cells, and shrink-
age artefacts along with chromatin smearing and smudging while 
cellular preservation was better in FNC-NA.

Table 2. Comparison of cytological features in the retroperitoneal organs

Site
Background,  

blood clot
Amount of cellular 

material
Degeneration Cell trauma

Maintenance of  
architectural/cellular 

arrangement
Average

Kidney (n=30)
FNC-NA
FNC-A
p-value

1.630± 0.556
1.160± 0.580

<.01

1.060± 0.365
1.260± 0.520

.09

1.580± 0.648
1.000± 0.574

.03

1.360± 0.614
1.300± 0.534

.31

1.260± 0.520
0.520± 0.210

<.01

6.530± 1.846
5.090± 1.246

<.01
Adrenal (n=4)

FNC-NA
FNC-A
p-value

1.00± 0.707
0.75± 0.830

.66

0.75± 0.830
0.99± 0.810

.69

1.020± 0.72
0.680± 0.789

.55

1.000± 0.707
0.750± 0.830

.25

0.980± 0.707
0.980± 0.707

>.99

2.000± 1.590
1.500± 1.660

.68
RPLN (n=12)

FNC-NA
FNC-A
p-value

1.33± 0.346
0.916± 0.277

<.01

0.580± 0.3
1.290± 0.62

< .01

1.200± 0.484
1.023± 0.348

.11

1.600± 0.648
1.000± 0.578

.03

0.916± 0.493
0.916± 0.493

>.99

5.960± 2.780
6.500± 2.160

.60
 Miscellaneous (n=11)

FNC-NA
FNC-A
p-value

1.020± 0.417
0.59± 0.298

<.01

0.660± 0.486
1.000± 0.574

.13

1.020± 0.417
0.590± 0.312

.04

1.020± 0.319
0.520± 0.312

.001

0.630± 0.298
0.997± 0.660

.05

6.360± 1.846
5.090± 1.246

.07
Total (n=57)

FNC-NA
FNC-A
p-value

1.105± 0.325
1.102± 0.425

.26

1.139± 0.464
1.161± 0.611

.82

1.233± 0.426
0.911± 0.339

<.01

1.267± 0.455
0.642± 0.321

<.01

1.067± 0.456
1.170± 0.488

.15

5.833± 1.403
4.884± 1.146

<.01

FNC-NA, fine needle cytology with non-aspiration; FNC-A, fine needle cytology with aspiration; RPLN, retroperitoneal lymph node.

Fig. 1. (A) Fine needle aspiration cytology of neuroblastoma showing sheets and clusters of round, monomorphic tumor cells on a hemor-
rhagic background. (B) Non-aspiration cytology of neuroblastoma showing clusters and dispersed small, round cells with a high nucleocyto-
plasmic ratio and scant cytoplasm. 
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When comparing the architectural arrangements of cells in 
smears obtained by both techniques, such as rosette formations 
in neuroblastoma, dissociated cells in lymphoma, glandular tis-
sue fragments in adenocarcinoma, and papillary fragments in 
papillary tumors, the difference was statistically insignificant in 
all cases except the kidneys where FNC-NA was superior to 
FNC-A (p<.01). 

There was a statistically insignificant difference in sampling 
technique score in all cases except in the kidney, where the FNC-
NA score was statistically significant (p<.01) (Table 2, Fig. 2).

Smears obtained by FNC-A and FNC-NA techniques were 
then categorized on the basis of scores obtained (Table 3). FNC-
A produced a greater number of diagnostically adequate smears 
(31 cases, 54.4%) than FNC-NA (20 cases, 35.1%) (p=.03). 
FNC-NA provided more diagnostically “superior quality smears” 

(27 cases, 47.4%) than FNC-A (20 cases, 35.1%), but the dif-
ference was statistically insignificant (p=.18). Diagnosis could 
be made in 51 cases (89.4%) by FNC-A as compared to 47 cas-
es (82.4%) by FNC-NA when combining superior and diag-
nostic quality scores. FNC-NA had more smears showing inad-
equate material for diagnosis (10 cases, 17.5%) than FNC-A (6 
cases, 10.5%).

The overall diagnostic accuracy was 82.4% in FNC-NA and 
84.2% in FNC-A (p=.08). Accuracy of 91.7% was obtained in 
retroperitoneal lymph node lesions while 83.3% accuracy was 
obtained in renal masses by FNC-A. The diagnostic accuracy of 
other sites by FNC-A varied from 75.0%–81.9%. Diagnosti-
cally accurate results of 93.4% were obtained in the kidney and 

Table 3. Comparison of quality of smears obtained by FNC-A and 
FNC-NA 

Quality of smear FNC-A FNC-NA p-value

Superior (7–10) 20 (35.1) 27 (47.4) .18
Diagnostic (3–6) 31 (54.4) 20 (35.1) .03
Superior+Diagnostic (3–10) 51 (89.4) 47 (82.4) .28
Insufficient (0–2) 6 (10.5) 10 (17.5) -

Values are presented as number (%).
FNC-A, fine needle cytology with aspiration; FNC-NA, fine needle cytology 
with non-aspiration. 

Table 4. Comparison of sitewise and overall diagnostic accuracy 
of FNC-NA and FNC-A

Site
Histopathology 

obtained
 Diagnostic accuracy

p-value
FNC-NA FNC-A

Kidney 30 28 (93.4) 25 (83.3) .42
Adrenal   4 3 (75.0) 3 (75.0) > .99
RPLN 12 8 (66.7) 11 (91.6) .31
Miscellaneous 11 8 (72.8) 9 (81.9) > .05
Total 57 47 (82.4) 48 (84.2) .80

Values are presented as number (%).
FNC-NA, fine needle cytology with non-aspiration; FNC-A, fine needle cy-
tology with aspiration; RPLN, retroperitoneal lymph node.

A B

Fig. 2. (A) Fine needle cytology with non-aspiration smear of renal cell carcinoma showing sheets and clusters of cells with abundant, deli-
cate, wispy, finely vacuolated cytoplasm and enlarged nuclei, fine chromatin, prominent nucleoli and thick irregular nuclear border on a rela-
tively clean background. (B) Fine needle cytology with aspiration smear of renal cell carcinoma showing a sheet of cells with abundant vacu-
olated cytoplasm (arrow) and enlarged nuclei on a haemorrhagic background.   
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75.0% diagnostically accurate results were obtained in adrenal 
masses by FNC-NA. The diagnostic accuracy of other sites by 
FNC-NA varied from 66.7%–72.8%, with lowest being in the 
retroperitoneal lymph nodes (Table 4). 

 
DISCUSSION

FNC-A is widely accepted as the primary method for diag-
nosis of palpable masses.5 In 1930, Martin and Ellis3 first pre-
sented a tumor diagnosis by needle aspiration and termed it 
“aspiration biopsy.” Franzen et al.6 in 1955 introduced a special 
syringe holder and thus improved the technique.7,8

FNC-NA was developed in France by Brifford et al.1 in 1982. 
It avoids aspiration and relies on capillary pressure to suck cells 
inside the needle core. The French authors termed this techni-
que as “cytopuncture.” It has been shown that with the applica-
tion of an objective scoring system, FNC-NA produces a com-
parable cellular yield, and has a similar diagnostic accuracy to 
the classic fine needle aspiration technique.9-11 Many studies 
have proved that FNC-NA seems to be better for diagnosing 
malignant lesions while FNC-A appeared better for diagnosing 
benign lesions.12-14 Malignant cells, being fragile, are more prone 
to degeneration and trauma of suction. The application of suc-
tion to draw cells through a fine needle traumatizes fragile cells, 
resulting in artifacts that can lead to diagnostic error. They opin-
ed that FNC-NA was more patient friendly, gave more cellular 
yield with less blood contamination and improved quality of 
the smears. FNC-A was considered as the procedure of choice 
for cystic lesions as the fluid could be collected for cytological 
evaluation. According to them better diagnostic results could 
be obtained if both the techniques are used together.9,11-15

The function of negative pressure is not to tear the cells from 
the tissue but to hold the tissue against the sharp cutting edge 
of the needle. Santos and Leiman16 explained the scientific basis 
of the FNC-NA technique. This technique which employs the 
insertion of a fine needle into a lesion without attachment of a 
syringe, depends on the property of capillary tension in a nar-
row channel (outer diameter of needle, 0.6 mm). A fluid in a 
narrow channel is governed by the formula h=2T/pgr, where h 
is the height attained, T is the surface tension of the fluid, p is 
the density of that fluid, g is the gravity and r is the radius. They 
performed a more exhaustive comparative analysis using both 
FNC-A and FNC-NA techniques on 50 thyroid lesions. In their 
study, diagnostically superior material was obtained in 22 (44.0%) 
of the non-aspiration samples versus four of aspiration samples 
(8.0%) (p=.0033). This is probably because in FNC-NA, con-

centrated cellular material that was less distorted by blood had 
better preservation of architecture and excellent picture quality.

Zajdela et al.17 1987, studied a large series of mammary tu-
mors in order to compare the results of FNC-A with those of 
FNC-NA. In their study FNC-A was employed in all the cases 
prior to 1981, and after that FNC-NA was used. Therefore, these 
techniques were not used together on the same tumours or pa-
tient populations. With FNC-NA, more precise entry into the 
mass was possible and this is particularly important in locations 
like the orbit and thyroid, to avoid injury to the eyeball and 
trachea.18

Other workers19-21 tried to explain the reason for the lesser 
degree of blood contamination by FNC-NA. They reported that 
this could be because the specimen is obtained by a spontane-
ous capillary action without much trauma to tissues. Thus, it 
gives a clean and clear picture to the cytopathologist. In FNC-
A, significant quantity of blood is aspirated, especially in vascu-
lar organs. 

Cellular yield was more or less comparable for both techni-
ques except in the kidneys, where FNC-NA was significantly 
better. USG-guided percutaneous FNC-A of renal masses was 
first reported by Kristensen et al.21 The present findings are con-
sistent with findings of Renshaw et al.22 However, Mair et al.4 
and Zajdela et al.17 did not find any significant difference in the 
smears prepared by both techniques. Jayaram and Gupta23 ob-
served that cellularity was higher in aspiration smears than in 
non-aspiration smears in goiters. Zhou et al.24 mentioned that 
FNC-A may be more suitable than FNC-NA for sampling nod-
ules that measure from 5.1 to 10.0 mm and >20.0 mm. Stew-
art et al.25 directly compared FNC-A and needle core biopsy in 
141 patients undergoing image guided sampling of abdominal 
lesions and noticed that FNC-A cytology was more sensitive 
and accurate than biopsy.

Available literature on cellular trauma, degeneration and re-
tention of architecture revealed less cellular degeneration and 
cellular trauma in FNC-NA as compared to FNC-A.14,15 The 
high suction pressure that is maintained during FNC-A causes 
some increase in cellular trauma.26,27 In FNC-NA, since suction 
pressure is not used, concentrated cellular material shows better 
preservation of the architecture with less traumatic distortion 
and less contamination by blood. FNC-NA smears showed bet-
ter retention of architecture and excellent picture quality, where-
as FNC-A smears had good quantity of material. Ghosh et al.28 
also observed the same findings in their study of FNC-NA on 
thyroid lesions. Better preservation of architecture and excellent 
picture quality was the only parameter in which FNC-NA scored 
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much better than FNC-A, as reported by other authors.14,15,18,28

Low cellularity and fibrous lesions appear to be a main cause 
of FNC-NA failure. However Zajdela et al.17 found that the fre-
quency of insufficient cellular yield was less by FNC-NA (5.5%) 
than FNC-A (6.0%).

In this study, non-aspiration sampling was used as the first 
sampling method in all cases. This design was based on the in-
terventional radiology literature, which suggests that if both 
methods are to be used, the less traumatic method (i.e., non-as-
piration sampling) must precede the negative pressure method 
(FNC-A) to ensure the initial samples will contain less bloody 
material and be more amenable to rapid staining and analysis. 
The drawback of using this technique was that initial biopsies 
with non-aspiration sampling may have caused tissue damage 
and bleeding, putting subsequently collected FNC-A specimens 
at a disadvantage.

In most cases, sufficient diagnostic material was dislodged 
over the slide by FNC-A, thereby increasing its diagnostic ac-
curacy (p=.03). Out of 57 cases of retroperitoneal lumps, diag-
nosis was made in greater number of cases by FNC-A compared 
to FNC-NA, while the quality of smears was superior in FNC-
NA. 

We used a long, 24-gauge lumbar puncture needle of 24-gauge 
instead of a short hypodermic needles with good results, as cells 
are detached by the cutting edge of the needle and conducted 
into the lumen by capillary force. The caliber of the needle is 
more important than the length as noted by the physical prin-
ciple that ascent of fluid into a narrow channel is governed by 
the formula h=2T/pgr. 

In retroperitoneal masses, USG-guided FNC-NA may be a 
more efficient adjuvant method of sampling. Non-aspiration 
(FNC-NA) provides “superb quality” of smears with superior 
diagnostic value and is less traumatic, simple, and easy to per-
form with better patient compliance. It also produces better 
quality of cellularity and less field obscurity by blood, and al-
lows for much better control of the needle while in the lesion. 
In addition, direct contact with the needle allows a more sensi-
tive fingertip feeling of the consistency of the tumor tissue dur-
ing sampling. Preferably, FNC-NA should be performed ini-
tially, followed by FNC-A in order to attain a clear and accurate 
cytological diagnosis. In highly cellular lesions where abundant 
material was obtained, FNC-NA was most likely to be diag-
nostically superior, although FNC-A can also diagnose most le-
sions. In less cellular lesions, however, FNC-A was most likely 
to be diagnostically superior to FNC-NA. In addition, simple 
benign lesion or abscesses can be drained by aspiration for ther-

apeutic purposes.
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In recent decades, fine needle aspiration cytology (FNAC) has 
been established as an efficient diagnostic tool for superficial 
masses, including salivary gland lesions. FNAC is technically 
simple, safe, fast, and cost-effective. However, FNAC tradition-
ally demonstrates relatively low sensitivity in comparison with 
its high specificity for diagnosing salivary gland tumors. Ac-
cording to a previous meta-analysis by Schmidt et al.,1 the aver-
age sensitivity and specificity determined in 6,169 cases were 
80% and 97%, respectively. Recent studies report that the sen-
sitivity and specificity of FNAC range between 64%–90% and 
86%–100%, respectively.2-8 The low sensitivity of FNAC can 
be attributed to several factors, but is primarily due to the diffi-
culty of diagnosing low-grade carcinomas by cellular morphol-
ogy alone.

Core needle biopsy (CNB) is a relatively new technique for 
diagnosing salivary gland lesions. Since intact tissue cores can 
be retrieved using ultrasound-guided CNB, improved speci-
men adequacy is expected. The sensitivity and specificity of sal-

ivary gland CNB are reportedly 92%–94% and 99%–100%, 
respectively.9-12 Preoperative evaluation of salivary gland lesions 
should provide the clinicians with a treatment plan including 
the type and extent of surgical intervention needed. For this pur-
pose, differentiating benign from malignant tumors is crucial, 
and moreover, information on the grade and specific type of the 
tumor will further aid in the choice of therapeutic procedures. 

With the aim of establishing the most accurate diagnostic 
tool as new techniques emerge, we compared the diagnostic ac-
curacy and accurate tumor subtyping rates of CNB and FNAC 
performed for the preoperative evaluation of salivary gland tu-
mors.

MATERIALS AND METHODS

Between July 2008 and June 2013, 708 tumors in the major 
salivary glands were surgically resected from 705 patients at Asan 
Medical Center in Seoul, Korea. Of these 708 cases, 562 cases 
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had undergone in-house preoperative FNAC and/or ultrasound-
guided CNB (US-CNB) procedures 1–3 times previously. The 
FNAC procedures were performed by pathologists on 371 occa-
sions, using traditional methods with 23-gauge syringes. Two 
hundred and twenty-eight CNB procedures were performed by 
radiologists under ultrasound guidance, using a 1.1- or 1.6-cm 
excursion, 18-gauge, double-action, spring-activated needle 
(TSK Ace-cut, Create Medic, Yokohama, Japan) after adminis-
tering local anesthesia with 1% lidocaine. Of these, 33 cases 
had undergone FNAC followed by US-CNB. No patients de-
veloped immediate or delayed complications after the proce-
dure. We compared the diagnoses determined by preoperative 
FNAC without image guidance and US-CNB with the postop-
erative histological diagnoses. In addition, specimen adequacy, 
sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), numbers of false-negative and -positive 
cases, and accurate tumor subtyping rate were analyzed. Tumor 
subtyping was considered accurate when one exact tumor type 
was diagnosed, favored, suggested, or suspected. The t test was 
used to evaluate differences in continuous data. The chi-squared 
test was used to assess the associations between categorical groups. 
The two-group proportion test was used to compare FNAC and 
CNB. All tests were two-sided, and p<.05 was considered sta-
tistically significant. Statistical analyses were performed using 
Stata/IC statistical software ver. 12 (StataCorp. Ltd., College 
Station, TX, USA).

RESULTS

Characteristics of the examined cases

The locations of the 562 surgical cases included parotid gland 
(n=472), submandibular gland (n=88), and sublingual gland 
(n=2). Histologic diagnoses included 103 malignant and 459 
benign tumors. Malignant tumors included 21 mucoepidermoid 
carcinomas, 17 salivary duct carcinomas, 17 carcinoma ex pleo-
morphic adenomas, 12 adenoid cystic carcinomas, 10 acinic cell 
carcinomas, 7 basal cell adenocarcinomas, 5 adenocarcinomas 
not otherwise specified, 3 epithelial-myoepithelial carcinomas, 
3 squamous cell carcinomas, 2 oncocytic carcinomas, 1 cystade-
nocarcinoma, 3 malignant lymphomas, 1 rhabdomyosarcoma, 
and 1 undifferentiated pleomorphic sarcoma. Benign tumors 
included 305 pleomorphic adenomas, 96 Warthin tumors, 37 
basal cell adenomas, 7 myoepitheliomas, 3 oncocytomas, 1 lym-
phadenoma, 5 neurogenic tumors (4 schwannomas and 1 neu-
rofibroma), 3 vascular tumors (2 hemangiomas and 1 lymphan-
gioma), and 2 lipomas.

When the general characteristics of the CNB and FNAC 
groups were compared to exclude selection bias, the proportion 
of malignancy, location, laterality, and multiplicity were not 
significantly different between the two groups (Table 1). One 
significant difference was the tumor size. The average size of tu-
mors in the FNAC group was bigger than that in the CNB 
group (p=.006), which can be explained by the fact that gener-
ally patients with larger palpable tumors are sent to the Pathol-
ogy Department for FNAC.

Specimen adequacy

Regarding the specimen adequacy of the 228 CNB specimens 
and 371 FNAC samples, the unsatisfactory rate tended to be 
lower following CNB (2.6%) than FNAC (6.2%) (Table 2). A 
total of 33 cases underwent CNB after FNAC. Adenoid cystic 
carcinoma, salivary duct carcinoma, and oncocytoma showed 
high rates for multiple diagnostic procedures (3/12, 3/17, and 
1/3, respectively).

Accuracy

The sensitivity of detecting malignant tumors using the CNB 
method was significantly higher (88.2%) than that with FNAC 
(58.2%) (p=.006) (Table 3). The specificity, PPV, and NPV of 
CNB were slightly higher than those of FNAC, without signif-
icant differences. 

False-negative and -positive cases

A total of 29 false-negative cases and 5 false-positive cases are 
listed in Table 4. False-negative results by CNB were restricted 
to cases of basal cell adenocarcinoma, carcinoma ex pleomorphic 
adenoma, and epithelial-myoepithelial carcinoma, while false-
negative results by FNAC were found in a wide range of tumors 

Table 1. General characteristics of salivary gland tumors according 
to CNB and FNAC 

Characteristic
CNB  

(n=228)
FNAC 

(n=371)
p-value

Malignant:benign tumor 54:174 62:309 .479
Size (mean± SD, cm) 2.57± 1.22 2.85± 1.21 .006
Site        
     
     

Parotid
SMG
SLG

171 (75.0)
56 (24.6)
1 (0.4)

329 (88.7)
40 (10.8)
2 (0.5)

.150

Laterality    Left
Right
Bilateral

126 (55.2)
100 (43.9)

2 (0.9)

193 (52.0)
175 (47.2)

3 (0.8)

.687

Multiplicity 14 (6.1) 13 (3.5) .560

Values are presented as number (%) unless otherwise indicated. 
CNB, core needle biopsy; FNAC, fine needle aspiration cytology; SD, stan-
dard deviation; SMG, submandibular gland; SLG, sublingual gland.
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including adenoid cystic carcinoma, acinic cell carcinoma, ade-
nocarcinoma not otherwise specified, mucoepidermoid carcino-
ma, oncocytic carcinoma, and malignant lymphoma (Fig. 1). 
No high-grade carcinomas (e.g., salivary duct carcinoma) were 
diagnosed as false-negatives by either method. False-positive re-
sults from neither method exhibited specific patterns; they might 
be the result of misinterpretation of pathologic findings, with 
or without artifacts.

Accurate tumor subtyping

The accurate tumor subtyping rates of the salivary gland tu-
mors were significantly higher with CNB (88.3%) than with 
FNAC (70.7%) (p<.001) (Table 5). Immunohistochemical stud-
ies for tumor subtyping were performed in 11 CNB samples: 
CD117 in adenoid cystic carcinoma; smooth muscle actin, cal-
ponin, and p63 in pleomorphic adenoma; and S100 protein in 

Table 2. Unsatisfactory rates and repeated diagnostic procedure 
rates of salivary gland tumors according to histologic diagnoses

H istologic  
diagnoses

Unsatisfactory rates Rates for multi-
ple proceduresCNB FNAC

Malignancy ACC 0/9 1/6 3/12
AciCC 1/4 0/7 1/10
ANOS 0/2 1/3 0/5
BADC 0/2 1/5 0/7
CPA          0/5 1/13 1/17
CystADC - 1/2 0/1
EMC 0/2 0/2 1/3
MEC 1/15 1/7 1/21
OC - 0/2 0/2
SCC 1/3 0/1 1/3
SDC 0/10 1/10 3/17
ML 0/1 0/2 0/3
RMS 0/1 - 0/1
UPS - 0/1 0/1

Subtotal 3/54 (5.6) 7/62 (11.3)
Benign PA 1/117 10/199 11/305

WT 2/33 3/70 6/96
BA 0/16 0/24 2/37
LA 0/1 - 0/1
ME 0/2 0/6 1/7
Oncocytoma 0/2 1/2 1/3
NT 0/3 1/3 1/5
VT - 0/3 0/3
Lipoma - 1/2 0/2

Subtotal 3/174 (1.7) 16/309 (5.2) 
Total 6/228 (2.6) 23/371 (6.2)

Values in parentheses are presented as percentage.
CNB, core needle biopsy; FNAC, fine needle aspiration cytology; ACC, ad-
enoid cystic carcinoma; AciCC, acinic cell carcinoma; ANOS, adenocarci-
noma, not otherwise specified; BADC, basal cell adenocarcinoma; CPA, 
carcinoma ex pleomorphic adenoma; CystADC, cystadenocarcinoma; 
EMC, epithelial-myoepithelial carcinoma; MEC, mucoepidermoid carcino-
ma; OC, oncocytic carcinoma; SCC, squamous cell carcinoma; SDC, sali-
vary duct carcinoma; ML, malignant lymphoma; RMS, rhabdomyosarco-
ma; UPS, undifferentiated pleomorphic sarcoma; PA, pleomorphic adeno-
ma; WT, Warthin tumor; BA, basal cell adenoma; LA, lymphadenoma; ME, 
myoepithelioma; NT, neurogenic tumor; VT, vascular tumor.

Table 3. Accuracy of preoperative CNB and FNAC for diagnosing 
salivary gland tumors

Characteristic CNB FNAC p-value

Total No. of cases 228 371 -
No. of adequate specimens, n (%) 222 (97.4) 348 (93.8) -
No. of unsatisfactory specimens, n (%)   6 (2.6) 23 (6.2) .078
No. of adequate malignant cases 51 55 -
No. of preop. Dx as malignancy 45 32 -
No. of adequate benign cases 171 293 -
No. of preop. Dx as benign 170 289 -
Sensitivity (%) 88.20 58.20 .006
Specificity (%) 99.40 98.60 .742
Positive predictive value (%) 97.80 88.90 .253
Negative predictive value (%) 96.60 92.60 .121

CNB, core needle biopsy; FNAC, fine needle aspiration cytology; preop., 
preoperative; Dx, diagnosis.

Table 4. False-negative and -positive results determined by preoperative CNB and FNAC

Histologic diagnoses CNB FNAC

Malignancy (false-negative results)
ACC
AciCC
ANOS
BADC
CPA
EMC
MEC
OC
ML

-
-
-

BA (n=2)
PA (n=2)
BA (n=1), PA (n=1)

-
-
-

PA (n=1), benign cyst (n=1), mucocele (n=1) 
Oncocytoma (n=1)
WT (n=1) 
BA (n=2), benign cyst (n=1)
PA (n=7)
PA (n=1), benign lesion (n=1)
PA (n=2), benign cyst (n=1), mucocele (n=1)
Oncocytoma vs WT (n=1)
Benign lymphoid lesion (n=1)

Benign (false-positive results)
PA
ME

MEC (n=1)
-

CPA (n=1), LG malignancy (n=1)
ACC (n=2)

CNB, core needle biopsy; FNAC, fine needle aspiration cytology; ACC, adenoid cystic carcinoma; PA, pleomorphic adenoma; AciCC, acinic cell carcinoma; 
ANOS, adenocarcinoma, not otherwise specified; WT, Warthin tumor; BADC, basal cell adenocarcinoma; BA, basal cell adenoma; CPA, carcinoma ex pleo-
morphic adenoma; EMC, epithelial-myoepithelial carcinoma; MEC, mucoepidermoid carcinoma; OC, oncocytic carcinoma; ML, malignant lymphoma; ME, 
myoepithelioma; LG, low grade.
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Fig. 1. Examples of low grade carcinomas diagnosed as false-negatives by fine needle aspiration cytology. (A) Adenoid cystic carcinoma in 
surgical specimens. (B) Core needle biopsy shows similar architectural findings. (C) Low cellularity and lack of obvious cellular atypia in fine 
needle aspiration cytology were interpreted as pleomorphic adenoma. (D) Mucoepidermoid carcinoma in surgical specimens. (E) Core nee-
dle biopsy shows intermediate and mucous cells. (F) Cystic background and presence of oncocytoid components in fine needle aspiration 
cytology led to the misdiagnosis of Warthin tumor.

neurogenic tumor. Tumor typing rates of benign tumors by CNB 
and FNAC were 91.8% and 80.5%, respectively (p=.003). For 
malignant tumors, accurate tumor subtyping was achieved in 

39 of 51 CNB cases (76.5%), but in only 10 of 55 FNAC cases 
(18.2%) (p=.002). For a few special entities, both methods faced 
diagnostic difficulties. Since the diagnosis of basal cell adeno-
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Table 5. Accurate tumor subtyping rates of salivary gland tumors 
determined by preoperative CNB and FNAC 

H istologic  
diagnoses

CNB FNAC p-value

Malignancy ACC 9/9 2/5
AciCC 3/3 4/7
ANOS 2/2 0/2
BADC 0/2 0/4
CPA          2/5 0/12
CystADC - 0/1
EMC 0/2 0/2
MEC 12/14 2/6
OC - 0/2
SCC 2/2 0/1
SDC 7/10 1/9
ML 1/1 1/2
RMS 1/1 -
UPS - 0/2

Subtotal 39/51 (76.5) 10/55 (18.2) .002
Benign PA 111/116 170/189

WT 31/31 53/66
BA 12/16 10/24
LA 0/1 -
ME 0/2 2/6
Oncocytoma 1/2 0/2
NT 2/3 1/2
VT - 0/3
Lipoma - 0/1

Subtotal 157/171 (91.8) 236/293 (80.5) .003
Total 196/222 (88.3) 246/348 (70.7) < .001

Values in parentheses are presented as percentage.
CNB, core needle biopsy; FNAC, fine needle aspiration cytology; ACC, ad-
enoid cystic carcinoma; AciCC, acinic cell carcinoma; ANOS, adenocarci-
noma, not otherwise specified; BADC, basal cell adenocarcinoma; CPA, 
carcinoma ex pleomorphic adenoma; CystADC, cystadenocarcinoma; 
EMC, epithelial-myoepithelial carcinoma; MEC, mucoepidermoid carcino-
ma; OC, oncocytic carcinoma; SCC, squamous cell carcinoma; SDC, sali-
vary duct carcinoma; ML, malignant lymphoma; RMS, rhabdomyosarco-
ma; UPS, undifferentiated pleomorphic sarcoma; PA, pleomorphic adeno-
ma; WT, Warthin tumor; BA, basal cell adenoma; LA, lymphadenoma; ME, 
myoepithelioma; NT, neurogenic tumor; VT, vascular tumor.

carcinoma and oncocytic carcinoma requires extracapsular inva-
sion by definition, none of these cases could be diagnosed using 
either CNB or FNAC (Fig. 2). Similarly, the diagnosis of carci-
noma ex pleomorphic adenoma was not possible without con-
comitant carcinoma and pleomorphic adenoma components, 
even by CNB. The diagnosis of epithelial-myoepithelial carci-
noma was difficult by either method, most likely due to its re-
semblance to pleomorphic adenoma, its low-grade nature, and 
a low index of suspicion (Fig. 2). 

DISCUSSION

In 1999, Buckland et al.13 introduced US-CNB using an 18- 
gauge needle, instead of fine needle aspiration using a 23-gauge 

needle, to evaluate salivary gland lesions. They reported satis-
factory results based on their experiences of diagnosing and treat-
ing parotid gland masses in up to 220 patients.14-17 The tech-
nique was soon adopted by other groups as well; small series of 
CNB results for salivary gland tumors have been reported from 
several countries, including the UK, Taiwan, Japan, and Ger-
many.11,12,18-20

Our current study of 228 CNB and 371 FNAC procedures 
demonstrates the superiority of CNB over FNAC for diagnosing 
salivary gland tumors in terms of adequacy (97.4% vs 93.8%), 
sensitivity (88.2% vs 58.2%), specificity (99.4% vs 98.6%), 
PPV (97.8% vs 88.9%), NPV (96.6% vs 92.6%), and accurate 
tumor subtyping (88.3% vs 70.7%). Among these measures, 
differences in the sensitivity and tumor typing rate were statis-
tically significant. These results are based on the histological 
confirmation of surgically treated cases. Although this type of 
design tends to lead to verification bias,21 we did not include 
follow-up cases because our aims were to compare the accuracy 
of the two tests for specific diagnoses. As a result, the sensitivi-
ties of both methods may have been overestimated due to veri-
fication bias.21 Even if the bias affected both methods, the sensi-
tivity of CNB appears to be markedly improved, which can be 
attributed to the ability to recognize tumor structures by histo-
logical examination in CNB and not just cellular morphology 
alone as in FNAC. 

The diversity and rarity of salivary gland carcinomas tend to 
provide diagnostic challenges for pathologists. Diagnosis of ma-
lignancy can be difficult when the cells in question pose no sig-
nificant cytologic atypia. In addition, pathologists’ experience 
and knowledge can affect the accuracy of FNAC. In our current 
study, no high-grade carcinomas, including salivary duct carci-
noma and squamous cell carcinoma, were diagnosed as false-
negatives using FNAC; however, low-grade carcinomas, includ-
ing adenoid cystic carcinoma, acinic cell carcinoma, mucoepi-
dermoid carcinoma, epithelial-myoepithelial carcinoma, and 
adenocarcinoma not otherwise specified, were occasionally mis-
interpreted as benign lesions. The PPV and NPV, which are not 
affected by verification bias, were also higher in CNB than in 
FNAC, though the differences were not statistically significant.

The difficulties of diagnosing basal cell adenocarcinoma, on-
cocytic carcinoma, and carcinoma ex pleomorphic adenoma ap-
ply to not only FNAC, but also to CNB when invasive and/or 
malignant foci are not sampled. For example, we misinterpret-
ed two epithelial-myoepithelial carcinomas as pleomorphic ad-
enoma in one and basal cell adenoma in the other, and one pleo-
morphic adenoma as mucoepidermoid carcinoma in CNB. Sali-
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Fig. 2. Difficult samples for both core needle biopsy and fine needle aspiration. (A) Surgical specimen of basal cell adenocarcinoma shows 
extracapsular invasion which cannot be confirmed in core needle biopsy (B) or fine needle aspiration cytology (C). (D) Epithelial-myoepithelial 
structures of epithelial-myoepithelial carcinoma can be mistaken for those of pleomorphic adenoma in both core needle biopsy (E) and fine 
needle aspiration cytology (F), because of the lack of obvious cellular atypia.  

vary gland tumors are diverse and also analogous with specific 
architectural patterns such as epithelial-myoepithelial structures 
which are present in various benign and malignant tumors. In-
terpreting a limited number of cores can be difficult, even for 

experienced pathologists. Nonetheless, accurate tumor subtyp-
ing rates were generally higher for CNB than for FNAC (88.3% 
vs 70.7%). In particular, malignant tumors were more often ac-
curately classified using CNB than FNAC (76.5% vs 18.2%) in 
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comparison to the benign tumors (91.8% vs 80.5%). Both high- 
and low-grade carcinomas could be more specifically diagnosed 
by CNB than by FNAC.

Some clinicians prefer FNAC because it has technical advan-
tages such as simplicity of the procedure, safety, cost-effective-
ness, and the lack of need for ultrasound assistance. However, 
the CNB procedure is generally well tolerated under local anes-
thesia, and the actual complication rate of CNB appears to be 
far less than expected. The major complications of salivary gland 
biopsy include facial nerve injury and tumor seeding along the 
biopsy track. However, experienced radiologists can avoid facial 
nerve injury by tracing the main intraparotid vessels or the pa-
rotid duct, which can be easily identified on ultrasound.14,18 Tu-
mor seeding was once considered a significant complication when 
performing large needle biopsy on cancers, and the needle di-
ameter and number of passes are assumed to be related to this 
risk.22 However, such evidence is lacking in the case of salivary 
gland tumors. Two cases of tumor seeding following needle bi-
opsy of the salivary gland using 14–16-gauge needles have been 
previously reported, but a few reports of tumor seeding follow-
ing FNAC have also been reported more recently.23,24 However 
low the risk, some authors have suggested surgical removal of 
the biopsy track at the time of surgery.12,25

No studies on the use of 18-gauge CNB to assess the salivary 
glands, including our present series, have reported these major 
complications. The minor complications that have been report-
ed following salivary gland CNB include subclinical hemato-
ma,11,12,14-16,18,20 temporary facial weakness after local anesthe-
sia,11 and the formation of salivary fistulas.17 Fistula developed 
after post-biopsy acute parotitis and did not present with tumor 
seeding.17 Increased awareness of this rare complication would 
help provide better patient care and follow-up.

In conclusion, CNB is an accurate and safe method for diag-
nosing salivary gland lesions, and provides significant superiori-
ty in accurate tumor subtyping in comparison to FNAC. We 
recommend CNB as the primary diagnostic tool for preopera-
tively evaluating salivary gland masses, especially when malig-
nancy is suspected.
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Oncocytic lipoadenoma is a rare entity, with only 18 cases 
having been reported in the literature. Oncocytic lipoadenoma 
is a benign encapsulated tumor composed of oncocytes and adi-
pocytes, occurring mostly in parotid glands or less frequently in 
submandibular glands. We herein present a case of parotid on-
cocytic lipoadenoma with sebaceous differentiation and immu-
nohistochemical study.

CASE REPORT

A 71-year-old man presented with a four-year history of a 
right infra-auricular mass. The mass measured 4×3 cm and 
was nontender and movable. Head and neck computed tomog-
raphy revealed a mass with heterogenous density and a fatty 
component (Fig. 1A). Partial parotidectomy was performed, re-
vealing a solitary well-defined mass measuring 4.2×3.5×2.5 
cm with a thin capsule. The cut surface was tan with yellow ar-
eas (Fig. 1B). 

Microscopically, the mass was encapsulated and surrounded 
by normal parotid tissue (Fig. 1C). The tumor comprised onco-

cytic cells and fat cells with mature adipose tissue occupying 
about 50% to 60% of the tumor. The oncocytic cells were ar-
ranged in an acinar or glandular pattern (Fig. 2A) and contain-
ed abundant eosinophilic cytoplasm. Some oncocytic cells were 
smaller in size, with darker cytoplasm and pyknotic nuclei. Scat-
tered sebaceous glands were also present (Fig. 2B). No pleomor-
phism, mitosis, necrosis, or capsular invasion was observed.

Immunohistochemically, the oncocytic cells were strongly 
positive for AE1/AE3 (1:1,000, Dako, Glostrup, Denmark) and 
cytokeratin 7 (1:1,000, Dako). Peripheral cells were stained by 
p63 (1:1,000, Dako) and cytokeratin 5/6 (1:200, Dako). Epi-
thelial membrane antigen (1:200, Dako) stained the luminal 
surface and sebaceous glands. The oncocytic cells were negative 
for smooth muscle actin (1:1,000, Dako) and calponin (1:1,000, 
Dako). Cytokeratin 14 (1:400, Biogenex, The Hague, The Ne-
therlands) expression was restricted to sites of sebaceous differ-
entiation. An apical-luminal pattern of DOG1 (1:200, Leica, 
Newcastle upon Tyne, UK) staining was observed in the nor-
mal serous acini, while the tumor cells were negative (Fig. 2C, 
D). Based on the microscopic findings, we rendered a diagnosis 
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of oncocytic lipoadenoma with sebaceous differentiation. No re-
currence was present after a 19-month follow-up.

DISCUSSION

Oncocytic lipoadenoma was first reported by Hirokawa et al. 
in 1998.1 This rare tumor was not mentioned as an entity in 
the 2005 World Health Organization (WHO) histologic classi-
fication of tumors of salivary glands. In the English literature, 
18 cases have been reported (Table 1).1-12 There is no gender 
predilection, and the patient ages range from 7 to 89 years (me-
dian of 55.5 years). All reported cases demonstrated benign clin-
ical courses after excision. The universal microscopic finding in 
the literature was an encapsulated tumor comprising a mixture 
of oncocytic cells and fat cells. So-called dark cells were also 
common. Uncommon findings as sclerotic and polycystic chang-
es ascribed to chronic involution, squamous metaplasia, lym-
phoid stroma, and metaplastic bone formation have been re-
ported.1,2 The presence of mitochondria in those oncocytic cells 
was confirmed by both immunohistochemical and ultrastruc-
tural studies.7 Phosphotungstic acid hematoxylin staining and 
antimitochondrial antibody were utilized to demonstrate the 
presence of mitochondria.3,6-8 Ultrastructural studies also pro-
vided evidence that oncocytic lipoadenoma may be derived from 
striated ductal cells based on similar histological features.7 DOG1 
expression was found in both normal and neoplastic counter-
parts of intercalated ducts and acinar cells, whereas striated duct 
cells were negative.13 The oncocytic cells in our case were nega-
tive for DOG1, which supports the contention that striated 
ductal cells were the origin of this tumor. 

Differential diagnoses include sialolipoma, oncocytoma, on-
cocytosis, sclerosing polycystic adenosis, and oncocytic metapla-
sia. The latter two entities do not form a discrete tumor mass. 
Sialolipomas comprise ductal, acinar, basal, and myoepithelial 
cell components.14 Oncocytomas are also encapsulated tumors 
with immunohistochemical findings identical to those of onco-
cytic lipoadenomas, but they lack adipose tissue as their com-
ponent cells. In addition, 20% of patients with oncocytomas 
have a history of radiation exposure.15 The presence of sclerotic 
and polycystic change can be reminiscent of sclerosing polycys-
tic adenosis, but oncocytic lipoadenomas lack xanthomatous 
and apocrine change, which is commonly seen in sclerosing poly-
cystic adenosis. In addition, the presence of acini in sclerosing 
polycystic adenosis can be aided by DOG1 antibody.

Sebaceous differentiation is not an uncommon finding in sali-
vary glands and can be found in sebaceous lymphadenoma, se-

Fig. 1. Oncocytic lipoadenoma. (A) Computed tomography reveals 
a heterogeneous tumor with a fat component (arrow). (B) Grossly, 
the cut surface is a mixture of tan and yellow components. (C) The 
scanning view shows an encapsulated tumor with biphasic com-
ponents and surrounded by normal acini.
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Table 1. Clinical summary of the reported cases of oncocytic lipoadenoma

Reference Gender Age (yr) Location Size (cm) Sebaceous differentiation Follow-up

Agaimy et al.2 M 63 Parotid gland 4.5 Present NED, 6 mo
Agaimy et al.2 M 29 Parotid gland 4.5 Present NED, 141 mo
Agaimy et al.2 F 54 Parotid gland 2.9 Absent NED, 18 mo
Agaimy et al.2 F   7 Parotid gland N/A Present N/A
Agaimy et al.2 F 89 Parotid gland 4.2 Present N/A
Agaimy et al.2 M 55 Parotid gland 2.7 Present NED, 13 mo
Aouad et al.3 M 38 Parotid gland 4 N/A N/A
Chahwala et al.4 F 50 Parotid gland 14 N/A N/A
Devadoss et al.5 F 50 Parotid gland 13.5 N/A NED, 24 mo
Hirokawa et al.1 F 66 Submandibular gland 11 N/A NED, 30 mo
Ilie et al.6 M 64 Parotid gland 3.5 Present NED, 24 mo
Kato and Horie7 F 57 Parotid gland 4.5 N/A N/A
Klieb and Perez-Ordonez8 F 47 Parotid gland 3 Present NED, 6 mo
McNeil et al.9 M 73 Parotid gland N/A Present N/A
Mitsimponas et al.10 F 55 Parotid gland 2.7 Present NED, 12 mo
Pusiol et al.11 M 73 Submandibular gland 9 Present N/A
Tokyol et al.12 M 56 Parotid gland 7 N/A NED, 6 mo
Present case M 71 Parotid gland 4 Present NED, 19 mo

M, male; NED, no evident with disease; F, female; N/A, not available. 

Fig. 2. (A) Oncocytic cells are arranged in an acinar or glandular pattern. (B) The arrows indicate foci of sebaceous differentiation. DOG1 ex-
pression is seen in normal parotid acinar cells (C) but not oncocytic cells (D).
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baceous adenoma, pleomorphic adenoma, oncocytoma, sialo-
blastoma, and Warthin tumor.15,16 The majority of the reported 
oncocytic lipoadenomas including our case exhibit sebaceous 
differentiation. 

Lipoadenomas are similar to adenolipomas of the breast, thy-
roid, and skin in that they all demonstrate a histological mix-
ture of epithelial components and adipose tissue. In contrast to 
adenolipoma, which is considered to be a hamartoma, oncocytic 
lipoadenoma is believed to be a true neoplasm. Ilie et al.6 identi-
fied a t(12;14) translocation in their case. An altered HMGA2 
gene rearrangement is more commonly seen in lipoma, pleo-
morphic adenoma, and leiomyoma.6 The cytogenetic findings 
support oncocytic lipoadenoma as a distinct neoplasm.
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Metaplastic papillary tumors of the Fallopian tube represent 
an extremely unusual finding particularly related to pregnancy 
and with morphological features that make precise histopatho-
logical classification difficult. At present, nearly ten case reports 
are documented worldwide (Table 1).1-7

CASE REPORT

The patient, a 41-year-old woman with a non-relevant past 
medical history, concluded her fourth pregnancy by cesarean de-
livery owing to macrosomic product (July 2013). Tubal ligation 
was performed on postoperative day one by the Kroener fimbri-
ectomy method, which coursed uneventfully and without any 
remarkable findings. The specimens obtained were sent for rou-
tine histopathological assessment, and the patient was discharg-
ed after full recovery. To date she is healthy and without any com-
plaints.

Both distal tubes and fimbriae were identified; the large tube 

was bulky with a nodular appearance (3.5×2×1.3 cm) (Fig. 
1A). Transverse sections taken from this dilated duct revealed 
an overfilled lumen with a caramel-like substance surrounding 
an ill-defined peripheral spot, which, when seen under a mag-
nifying glass, showed a fractal pattern similar to a snowflake (Fig. 
1B). Histologically, this hazy frame was sketched by a slender 
stalk with progressively branching papillae lined by columnar 
non-ciliated cells with plump eosinophilic cytoplasm showing 
focal pseudostratification and budding (Fig. 1C, D). The nuclei 
of these cells were centrally located, enlarged, and rounded or 
oval. The nuclei displayed a variable appearance, either dense 
and hyperchromatic, or vesicular with a prominent nucleolus, 
and sometimes having coarse chromatin, membrane foldings, 
pseudoinclusions or grooves. Mitotic activity was not identified.

Despite the presence of luminal extracellular mucin, several 
subnuclear mucin-filled vacuoles were also identified, occasion-
ally expanding into cyst-like structures (Fig. 2A). Periodic acid–
Schiff and Alcian blue stains highlighted the extracellular and 

Fallopian Metaplastic Papillary Tumour: An Atypical Transdifferentiation 

of the Tubal Epithelium? 

Miguel Fdo. Salazar1,2 
Isaías Estrada Moscoso1 
Lorena Troncoso Vázquez1 
Nubia Leticia López García2 
Paola Andrea Escalante Abril2

1Anatomical Pathology Division, “Dr. Manuel Gea 
González” General Hospital; 2Pathology Unit, 
Mexico General Hospital, Mexico City, Mexico

A metaplastic papillary tumor of the Fallopian tube is an extremely uncommon condition, with 
odd and confusing features that make it difficult to categorize as benign or borderline. Here, we 
summarize all the published cases to date and document the case of a 41-year-old woman diag-
nosed with this alteration after her last childbirth and ensuing tubal ligation. One of the tubes was 
bulky and filled with a caramel-like substance encircling a blurry spot. Light microscopy detailed 
a slender stalk covered by eosinophilic, columnar plump cells, showing atypical nuclei and focal 
budding. Mitotic figures were absent. The immunohistochemistry panel was positive for pan-cy-
tokeratin, epithelial membrane antigen, cyclin D1, and hormone receptors. Additionally, a prolifer-
ation index of less than 5% was rated using Ki-67. The true nature of this tumor (reactive vs neo-
plastic) is uncertain. Nonetheless, its association with pregnancy suggests an adaptive change, 
likely similar to the atypical transdifferentiation proposed for Arias-Stella reaction.

Key Words: Metaplastic papillary tumour; Fallopian tubes; Arias-Stella reaction; Cell transdifferentiation

Received: August 3, 2014
Revised: September 22, 2014
Accepted: October 13, 2014

Corresponding Author
Miguel Fdo. Salazar, M.D.
División de Anatomía Patológica, Hospital General 
“Dr. Manuel Gea González”, Calzada de Tlalpan 
4800, Col. Sección XVI, Delegación Tlalpan, C.P. 
14080, D.F. México
Tel: +52-4000-3000 (ext. 3302)
E-mail: k7nigricans@hotmail.com

Journal of Pathology and Translational Medicine 2015; 49: 148-155
http://dx.doi.org/10.4132/jptm.2014.10.13

▒ CASE STUDY ▒



http://jpatholtm.org/http://dx.doi.org/10.4132/jptm.2014.10.13

Metaplastic Papillary Tumour: Atypical Tubal Transdifferentiation? • 149

intracellular mucin, while the intracytoplasmic vacuoles were 
stained with Mayer’s mucicarmine (Fig. 2B–D).

Immunoperoxidase stains demonstrated an intensely positive 

reaction for cytokeratin cocktail (CK AE1/AE3) in the membrane 
and cytoplasm (Fig. 3A) of cells, as well as for epithelial mem-
brane antigen (EMA) with weak cytoplasmic expression and lu-

Table 1. Metaplastic papillary tumor case list

Case 
No.

Year
Author  

(country)
Clinical data overview

Histopathological finding
Landscape Evolution and treatment Follow-up

  1 1978 Starr et al.2 
(USA)

26-Year-old woman (G2P1) Normal delivery and imme-
diate postpartum tubal  
ligation

Total abdominal hysterecto-
my and bilateral salpingo-
oophorectomy performed 
due to report of malignancy

Check-up every 3 months 
during a non-specified 
period

No anomalies reported

Interpretation as grade 1 primary 
adenocarcinoma of the Fallopian 
tube

  2–5 1980 Saffos et al.1 
(USA)

Four women between 27 to  
33 years of age (multiparous; 
non-specified number of 
pregnancies)

One patient had used oral 
contraceptives several  
years previously

Normal delivery and tubal  
ligation in every case

Two patients had total ab-
dominal hysterectomies 
with bilateral salpingo-oo-
phorectomies because of 
uncertainty about the ma-
lignancy of the lesions

No evidence of disease in 
three patients after differ-
ent times of evaluation  
(1 year 6 months, 2 years 
and 6 years postopera-
tively)

One of the cases was lost 
during follow-up

Original description of the tumour: 
oncocytic and mucinous epithelia

Mucinous component (intracyto-
plasmic vacuoles) reactive for 
mucicarmine stain

Only one mitosis noticed in one of 
the cases

  6 1988 Keeney and 
Thrasher3 
(USA)

27-Year-old Mexican woman 
(G3P1A1)

Hypothyroidism requiring  
L-tiroxine therapy

Premature rupture of foetal 
membranes with subse-
quent caesarean delivery

Simultaneous tubal ligation

Without disease after  
4 years of follow-up

No gross abnormalities
Description of a luminal acidophilic 

secretion mucicarmine-positive
Recognition of only one tripolar  

mitosis
First ultrastructural description by 

means of transmission electron 
microscopy

  7 1989 Bartnik et al.4 
(USA)

23-Year-old woman (G3P2)
Respiratory and urinary tract 

infections treated with ampi-
cillin during the second and 
third trimesters

Vaginal delivery and tubal  
ligation (Pomeroy  
technique)

Postoperative recovery  
and discharge

Gross description of a pale-yellow 
mucoid material (extracellular  
mucin within the tubal lumen)

No mitotic activity
First description of the cell immuno-

phenotype: CK (+) and EMA (+)
Minimal chronic salpingitis observed 

in both tubes
  8 1999 Pang5  

(Taiwan)
52-Year-old non-pregnant  

Taiwanese woman (G5P3A2)
Consumption of progesterone-

only oral contraceptives 
when she was 26 years old

Complaint of lower abdominal 
fullness

Bilateral hydrosalpinx by ultra-
sonography

Laparoscopic resection  
of both Fallopian tubes

Non-available information Tumour localized in the right salpinx 
Intracellular mucin reactive for PAS, 

alcian blue and mucicarmine 
stains

Extracellular mucine present on the 
surface of some papillae

Simultaneous finding of degenerat-
ed, partially calcified chorionic villi 
in both Fallopian tubes (bilateral 
ectopic pregnancies)

  9 2003 Solomon  
et al.6  
(USA)

26-Year-old woman (G5P3A1)
Last pregnancy conceived 

while using oral contracep-
tives

Unexplained serum FP eleva-
tion during the 15th week of 
gestation

Labor induction at 39 
weeks using oxytocin

Vaginal delivery and bilateral 
tubal ligation via Pomeroy 
procedure on postpartum 
day 1

No complaints after her 
6-week postpartum visit

Involvement of the left Fallopian 
tube by an exophytic, papillary  
lesion mucicarmine (+), EMA (+) 
and CK AE1/AE3 (+)

Associated chronic salpingitis and 
focal decidualization in the ipsilat-
eral tube

10 2011 D´Adda et al.7 
(Italy)

31-Year-old woman at her 
40th week of gestation

Caesarean delivery due to 
podalic version

Non-available information Microsatellital analysis of eight 
chromosomal regions involved in 
ovarian carcinogenesis: molecular 
profile probably similar to a sub-
set of minimally altered low-grade 
borderline serous tumours

CK, cytoketarin; EMA, epithelial membrane antigen; PAS, periodic acid–Schiff.
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minal border reinforcement (Fig. 3B). Detection of progester-
one receptors (PR) was markedly positive in 95% of cells, while 
estrogen receptors (ER) and androgen receptors were moderately 
and weakly positive in 70% and 10% of cells, respectively (Fig. 
3C–E). The proliferation index labeled with Ki-67 was rated in 
approximately 3% of cells (Fig. 3F). Surprisingly, cyclin D1 stain-
ing was observed in nearly 90% of cells (Fig. 3G). No reaction 
was detected toward a variety of factors, including carcinoem-
bryonic antigen (CEA), human chorionic gonadotropin, human 
epidermal growth factor receptor 2 (HER2/Neu), or B-cell lym-
phoma 2 protein (Bcl-2).

Accordingly, the proliferation was diagnosed as a metaplastic 
papillary tumor of the Fallopian tube, with a note to the clini-
cian about the benign behavior of the alteration.

DISCUSSION

In the 1980s, a group led by Saffos and Scully described an 
unusual epithelial tumor incidentally discovered in four cases 
involving tubal ligation after delivery (early puerperium).1 The 
morphology detailed in their report describes a papillary stalk 
lined by atypical oxyphil columnar cells with pseudostratifica-
tion, budding elements, and focal adenomatous changes involv-
ing intramucosal mucin-filled vacuoles, nonetheless, lacking in-
vasion or mitotic activity. According to these features, the team 
coined a description of this singular pathological entity as a meta-
plastic papillary tumor of the Fallopian tube. Furthermore, they 
noticed a striking similarity with serous borderline ovarian tu-
mors, as well as a close association with pregnancy. This led the 
team to speculate about either a neoplastic nature of the tumor 

Fig. 1. Gross features/oxyphil metaplastic components. (A) Tubal ligation specimen. (B) Transverse cut surface. A crystallized syrup-like sub-
stance with a striking resemblance to a regional candy known as «acitrón» fills the lumen; there is also a left marginal blur with a snowflake-
like appearance. The left column displays whole-mount sections stained with hematoxylin and eosin, periodic acid–Schiff, Alcian blue, and 
mucicarmine. (C) Panoramic photomicrograph showing a peninsular papillary framework in a lake of extracellular mucin. The stalk has a loose 
stroma and contains a small number of inflammatory cells (lymphocytes and neutrophils). (D) High magnification photomicrograph of the on-
cocytic epithelium. There is mild stratification and cell budding.
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Fig. 2. Mucinous metaplastic components. (A) Some amphophilic mucin-filled cysts are noticeable beneath the epithelium (blue arrows). (B) 
Periodic acid−Schiff. (C) Alcian blue. (D) Mayer’s mucicarmine.

or an adaptive response analogous to Arias-Stella reaction. In-
terestingly, these characteristics had led Starr et al.2 to report in 
a study two years earlier (1978) about a similar papillary lesion 
as a primary carcinoma of the Fallopian tube. Even more intri-
guing is the fact that some authors claimed to observe a single 
multipolar mitosis in one of the cases reported.3 Though ensu-
ing reports failed to provide new insights about the origins of 
this type of tumor, they accurately detail ultrastructural charac-
teristics of the tumors: luminal border microvilli, sporadic cilia, 
glycogen particles, “empty” vacuoles, abundant parallel wavy 
filaments ~6.5 nm in diameter, numerous mitochondria, and a 
limited amount of rough endoplasmic reticulum.3,4 Reports are 
also specific about the immunoprofiles: cytokeratin and epithe-
lial membrane antigen positive, and CEA negative—the latter 
certainly not different from normal tubal epithelium.4 Curious-
ly, one paper from 1999 provides evidence for refutation in re-
gard to the inexorable connection of this type of tumor with an 
immediate postpartum period, demonstrating bilateral partially 

calcified chorionic villi in addition to the papillary tumor, in a 
52-year-old patient.5 This particular finding represents unequi-
vocal proof of two previous, dateless ectopic pregnancies, but 
also brings up questions concerning the timing of the tumor. 
One particular question is whether the tumor had been quies-
cent for years or whether it was a newly coincidental discovery. 
A more recent (2003) communication on the subject compiled 
the data published during previous years, and stressed the im-
portance of recognizing these tumors as benign and the impor-
tance of reporting them as such to clinicians in order to prevent 
drastic surgical resections among postpartum patients.6

As discussed above, a schism prevails concerning the histo-
genesis of this condition (whether it is reactive or neoplastic), 
though most authors support the second option (a low-grade 
borderline tumor). In this regard, the work of D’Adda et al.7 is a 
noteworthy advance in the understanding of this entity, as the 
study molecularly compares a case of metaplastic papillary tu-
mor with four borderline ovarian tumors and two ovarian ade-
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nocarcinomas using microsatellite markers directed toward chro-
mosomal regions involved in ovarian carcinogenesis (myc-l1, 
cdkn2a/cdkn2b, pten, tp53, and dmd). According to their find-
ings, the metaplastic papillary tumor, together with one of the 
borderline tumors, showed no alterations. Thus the study con-
cluded that the metaplastic papillary tumor might share mor-
phologic and molecular similarities with a subset of minimally 
altered borderline/atypical proliferative tumors.

On the other hand, there are numerous tubal epithelium re-
active changes described under different circumstances: cyclic 
variations in the height and proportion of cells, hyperplasia (mild 
stratification and papillary tufts), adenomatous hyperplasia (small 
glandular intramucosal clefts), and metaplasia (squamous, tran-
sitional, oncocytic and mucinous). All of these have been known 
to be associated with inflammation (acute and chronic salpingi-
tis), neoplastic conditions (endometrial carcinoma), hormonal 

effects (estrogen secreting ovarian tumors or exogenous admin-
istration), or even with no particular etiology.1-4,6,8 Similarly, as 
some scholars have proposed, we are quite possibly facing a non-
conventional phenomenon analogous to the so-called Arias-Stella 
reaction in the sense that the tumor might represent some kind 
of transformation that takes place under similar physiological 
conditions1,3 (as a consequence of antagonistic stimuli acting 
synchronously—namely, estrogen (ciliogenic and proliferative 
activity) and progesterone (secretory activity)—either in equal 
proportion or with an inclination toward one of the stimuli). A 
seminal review written by Arias-Stella9 calls attention to a phe-
nomenon known as transdifferentiation,10 which implies the 
transformation of a mature somatic cell into a different somatic 
cell preserving its maturity (as opposed to metaplasia, which 
involves the reprogramming of stem cells). Furthermore, a more 
dramatic and perplexing process called atypical transdifferentia-

Fig. 3. Immunohistochemistry panel. (A) Cytokeratin AE1/AE3 (+++/+++) in 100% of cells. (B) Epithelial membrane antigen (+++/+++) in 100% 
of cells. (C) Estrogen receptor (++/+++) in ~70% of cells. (D) Progesterone receptor (+++/+++) in ~95% of cells. (E) Androgen receptor (+/+++) 
in ~10% of cells. (F) Ki-67 (+++/+++) in ~3% of cells. (G) Cyclin-D1 (+++/+++) in ~90% of cells.
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tion, involving polyploidy, lack of aneuploidy, and the absence 
of progression as signature traits,9 denotes a singular adaptive 
cellular change said to be found in tissues strained under oppos-
ing hormonal influences, consecutively inducing an increment 
in the content of DNA. The exhaustive analysis throughout 
this report caused Arias-Stella to conclude definitively that the 
reaction which has come to carry his name stands for a distinc-
tive example of atypical transdifferentiation, which can be ex-
trapolated to the atypical cells in seminal vesicles, epididymis 
and duct deferens, the monstrous cells in large solitary lutein-
ized follicle cysts of pregnancy and puerperium, and to the bi-
zarre benign cells in dyshormonogenetic goiter.9 Accordingly, 
we reference the immunoprofile reported for an endometrial 
Arias-Stella reaction, involving intense and homogenous reac-
tions for CK7 and EMA with increased membranous locations 
in hypersecretory patterns, positivity for ER and PR, with a 
higher estrogen weighting (though weaker in comparison to 
the normal functional phase and hyperplasia) and positive reac-
tions for Ki-67 and proliferating cell nuclear antigen (though 
less than hyperplasia or the proliferative phase); as well as the 
reported ultrastructural characteristics: few organelles, sparse 
particles resembling RNA granules, clearly visible Golgi appa-
ratus, vesicles of endoplasmic reticulum, numerous mitochon-
drial crests, Palade grains—ribosomes—and, without exception, 
parallel rows of rough endoplasmic reticulum, which is a trait 
said to be common among neoplasms of Müllerian origin.9

In the present work, we tried to test the expression of steroid 
hormone receptors in the oncocytic epithelium in order to con-
firm the feasibility of hormonal long-acting effects. According 
to our results, variegation in hormone receptor expression shows 
the following gradient: progesterone>estrogen>androgen. This 
ranking suggests a higher progesterone dosing, which corre-
sponds with the secretory effect observed. What is more, we ap-
praised a very low Ki-67 proliferation index (~3%), which is 
consistent with the non-observation of mitotic activity. Never-
theless, it should be mentioned that tubal epithelium normally 
expresses ER and PR as well as shows a Ki-67 labeling index 
lower than 5%. The secretory cells of tubal epithelium are typi-
cally also positive for the markers HMFG2 and PAX8, while 
Wilms’ tumor gene product (WT-1) is frequently and diffusely 
expressed in normal Fallopian epithelium.8,11 Because at some 
point in our analysis we presumed a similarity of some of the 
oncocytic cells with the so-called columnar cell change with 
atypia or flat epithelial atypia of the breast, we tried to test ad-
ditional markers such as cyclin D1 and Bcl-2.12,13 To our great 
surprise, nuclear immunostaining of the former marker was in-

deed observed. As a cell cycle marker that interacts with CDK4, 
CDK6 and tumor suppressor protein RB, we expect to recog-
nize overexpression (~90%) of cyclin D1 in correspondence with 
both mitotic activity and the Ki-67 proliferation index. This, 
however, is not the case. We believe our observation of this phe-
nomenon in this particular case is similar to the high frequency 
of cyclin D1 expression seen in either parathyroid adenomas or 
hyperplastic parathyroid glands.14

The differential diagnoses to consider are Fallopian tube pap-
illoma, papillary tubal hyperplasia, serous borderline tumor of 
the Fallopian tube, and extension from a borderline ovarian tu-
mor. Fallopian tube papilloma is a complex papillary prolifera-
tion with an orderly degree of branching that resembles an ex-
aggeration of normal tubal mucosa.8 In contrast to a metaplastic 
papillary tumor, Fallopian tube papilloma maintains normal 
endosalpingeal cell types. Papillary tubal hyperplasia is a recent-
ly recognized entity, which is characterized by papillary tufting 
and detached small round clusters of bland epithelium that are 
frequently—but not always—associated with psammona bod-
ies.15 Despite focal stratification of the epithelium can be seen, 
there is usually a single layer containing ciliated and secretory 
cells as well as intraepithelial lymphocytes. Occasionally, how-
ever, there can be slightly larger cells with eosinophilic cyto-
plasm. Serous borderline tumors of the Fallopian tube are ex-
ceedingly rare lesions with a complex papillary configuration 
lined by ciliated, hobnail and mesothelium-like cells displaying 
stratification, budding, and focal nuclear atypia. Occasionally, 
cells with abundant eosinophilic cytoplasm may also be present 
in serous borderline tumors of the Fallopian tube.8,16,17 Mitotic 
activity is not common. Finally, extension from an adjacent ovar-
ian serous borderline tumor seems to be a reasonable option, 
which is difficult to rule out, and far more common than either 
a metaplastic papillary tumor or a tubal borderline malignan-
cy.8,16 Undeniably, our patient fits in the age group reported for 
this lesion, and intriguingly, a minority of affected women are 
pregnant at the time of diagnosis. The surgeon in the present 
case, however, did not report any external ovarian anomalies 
during the course of the bilateral Kroener fimbriectomy. Never-
theless, this statement remains debatable as exophytic papillae 
are seen in the outer surface of nearly 70% of ovarian serous bor-
derline tumors. We did not perform immunoperoxidase stain-
ing of WT-1, because, as endosalpingeal mucosa and ovarian 
surface epithelium normally express this marker,8,11 the marker 
loses its diagnostic utility to differentiate a Fallopian serous bor-
derline tumor from its ovarian counterpart. Though some au-
thors claim that metaplastic papillary tumors are microscopic 
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findings,7,8,16 a couple of reports challenge this assumption by 
demonstrating that subtle macroscopic changes can be observed. 
By way of example, a study by Bartnik et al.4 describes exuda-
tion of pale-yellow mucoid material from an affected tube, while 
Saffos et al.1 illustrate a whole-mount transverse Fallopian sec-
tion with a conspicuous papillary projection, which, if had been 
carefully examined, would surely have been grossly apparent as 
a tumor.

Carrying a good prognosis, Fallopian metaplastic papillary 
tumors are truly exceptional and remarkable findings in light of 
their appearance in tubal ligation products and direct relation-
ship to pregnancy. The baroque morphology of a metaplastic 
papillary tumor challenges up-to-date histopathological taxon-
omy, and unfortunately, neither electron microscopy, immuno-
histochemistry, nor molecular biology have completely unveiled 
the roots of the condition. As interestingly quoted by Keeney 
and Thrasher in their report3 “…despite [the fact that] light micros-
copy does not reveal an actual differentiation to another cell type, exami-
nation through electron microscopy strongly suggests a metaplastic process 
at an ultrastructural level with an incomplete transition towards a rec-
ognizable cell phenotype….” This statement undoubtedly leads us 
to inquire whether this metaplastic tumor could be an overly 
exaggerated example of atypical transdifferentiation, drawn forth 
by hormonal influences in an appropriate physiological environ-
ment. Indeed, we believe this could be the case.

Lastly, as neoplastic changes have not been entirely demon-
strated in the condition of metaplastic papillary tumors, we sug-
gest not referring to the alterations as either tumors or lesions 
(specifically because the condition has been proved to be harm-
less). Perhaps designation as a Fallopian metaplastic papillary 
polyp—implying a convex branching axis towards a lumen—is 
more suitable nomenclature for the characteristics we describe 
herein.

In summary, we report the 11th known case of a patient with 
a metaplastic papillary tumor of the Fallopian tube, and provide 
brief insight about the topic.
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Angiomyomatous hamartoma (AMH) of the lymph node is 
characterized by partial replacement of normal nodal parenchy-
ma by disorganized blood vessels and smooth muscle cells with 
or without adipose tissue within a fibrous stroma. Inguinal and 
femoral lymph nodes are commonly involved,1-3 while popliteal 
lymph node involvement is uncommon.4,5 We report a rare case 
of AMH of the popliteal lymph node in a young patient with a 
clinical diagnosis of Baker’s cyst. 

CASE REPORT

An 18-year-old male presented with pain and swelling in the 
left popliteal fossa lasting 3 years. The swelling slowly increased 
in size. There was no history of any trauma, fever, tuberculosis, 
weight loss, or chronic illness. A clinical diagnosis of Baker’s 
cyst was made without any imaging studies. The lesion was op-
erated on under local anesthesia. The swelling persisted, how-
ever, and physical examination revealed a 1.5 cm-sized, mildly 
tender, non-reducible, firm mass in the left popliteal fossa. An 
magnetic resonance imaging (MRI) scan revealed a 1.5×1.0-cm 
soft tissue mass close to the popliteal blood vessels without en-
casing them (Fig. 1A, B). No cyst was seen. The radiological 
differential diagnoses offered were benign neoplasm and pseu-
dotumor. The left popliteal fossa was explored again and a firm, 
soft tissue mass loosely adherent to the popliteal blood vessels 
was identified and excised. The postoperative period was un-
eventful. Hematoxylin and eosin–stained sections revealed a 
lymph node with partial replacement of the parenchyma from 

the hilum to the cortex by fibrous tissue containing several ir-
regular blood vessels of varying sizes, interspersed with spindle 
cells and smooth muscle cells (Fig. 2A, B). Mature adipose tis-
sue infiltration was seen in a small area near the hilum of the 
lymph node (Fig. 2C). The capsule was thickened. The subcap-
sular and medullary sinuses were obliterated. Cortical lymphoid 
tissue showed variable atrophy. Immunohistochemistry with a 
primary antibody against smooth muscle actin (SMA; 1:400, 
Thermo Scientific, Waltham, MA, USA) demonstrated smooth 
muscle cells in the blood vessel walls and in the stromal tissue 
(Fig. 2D, E). The rich vascularity of the lesion was highlighted 
by CD34 antibodies (1:100, Diagnostic BioSystems, Pleasan-
ton, CA, USA) (Fig. 2F). A diagnosis of AMH of the lymph 
node was made. 

DISCUSSION

Angiomyomatous hamartoma of the lymph node was first 
described by Chan et al.1 in 1992 as a distinctive vascular ham-
artomatous lesion that primarily occurs in inguinal and femoral 
lymph nodes.2,3 Occasional cases have been reported in popliteal 
and cervical lymph nodes.4,5 Patients may present with painless 
or painful swelling.4 Painful lesions in the popliteal fossa require 
careful evaluation because a number of non-neoplastic and neo-
plastic lesions can mimic this entity.6 Baker’s cyst results from 
herniation of the synovial membrane through the posterior cap-
sule of the knee joint or by an escape of synovial fluid through 
an anatomic bursa next to the semimembranosus or gastrocne-
mius muscle. Baker’s cysts are usually diagnosed by physical 
and radiological examination between the semimembranosus 
and medial head of the gastrocnemius.7 Sometimes it is difficult 
to differentiate a Baker’s cyst from other causes of posterior knee 
pain, and the differential clinical diagnosis of a Baker’s cyst can 
include arterial aneurysm or tortuous blood vessels in the popli-
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teal fossa, deep vessel thrombosis, adipose tissue or tumor.8 The 
best imaging for evaluation of a popliteal cyst is MRI as it helps 

in localizing the cyst and any other internal derangements.9 In 
the index case the initial misdiagnosis of Baker’s cyst was due 

Fig. 1. Axial T1- (A), sagittal T2-weighted (B) magnetic resonance imaging scans showing a well-circumscribed lesion with heterogeneous 
signal intensity in the soft tissues in close proximity to the popliteal blood vessels (arrows). 

A B

Fig. 2. Photomicrograph showing partial replacement of lymph nodal parenchyma by several disorganized vascular channels in a fibrocol-
lagenous stroma and smooth muscle cells (arrow) (A, B); thick-walled blood vessels and adipocytes in nodal hilum (C). (D, E) Immunohisto-
chemical stain with smooth muscle actin antibodies demonstrating smooth muscle in the blood vessel wall and the stroma. (F) CD34 immu-
nostain highlighting the rich vascularity of the lesion. 
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to the presence of painful swelling in the popliteal fossa and the 
diagnosis was based on physical examination alone. No radio-
logical investigation was done prior to the initial surgery. To 
the best of our knowledge, to date only twenty-nine cases of 
AMH of the lymph node have been reported in the literature.3 
This is the third documented case in a popliteal lymph node. 
Mauro et al.4 reported a case of AMH of the popliteal lymph 
node which presented with pain in the posterior knee in a 41- 
year-old male. The second case was reported by Prusac et al.5 in 
a 14-year-old boy who presented with a right popliteal mass 
and right leg edema. In both cases, MRI scans revealed mass le-
sions with heterogeneous signal intensity. The index case also 
showed similar radiologic features. The radiologic diagnosis of 
AMH of the lymph node is usually a hemangioma or a tumor.4,5 
In our case, the MRI scan findings suggested a benign tumor or 
pseudotumor. Microscopically, AMH is characterized by disor-
ganized blood vessels and smooth muscle cells in a collagenous 
stroma with or without adipose tissue. Our case showed a small 
area of adipose tissue near the hilum of the lymph node. Histo-
pathological differential diagnosis of AMH includes lymphan-
giomyomatosis, leiomyomatosis, and angiomyolipoma of the 
lymph node.10 Nodal lymphangiomyomatosis occurs exclusive-
ly in women and is histologically characterized by the presence 
of smooth muscle cells forming fascicles and sheets around anas-
tomosing ectatic vascular spaces, resulting in a pericytomatous 
pattern. Histologically smooth muscle cells are plumper, with 
lighter/clear cytoplasm, and sclerosis is absent. Nodal leiomyo-
matosis resembles leiomyoma and is made up of a proliferation 
of compact bundles of smooth muscle cells with an insignificant 
vascular component. Angiomyolipoma of the lymph node shows 
an epithelioid appearance, hypercellularity, pleomorphism, pro-
minent perivascular arrangement and positivity for melanoma 
associated antigen human melanoma black 45. Our index case 
did not show ec-static vessels, pleomorphism or hemangioperi-
cytoma like patterns. Adipose cells are known to occur as a sig-
nificant component in a number of vasoproliferative lesions, 
such as nodal hemangioma, intramuscular hemangioma (infil-
trative angiolipoma) and angiolipomatous hamartoma associat-
ed with Castleman’s disease. It has been suggested that all cases 
of AMH of the lymph node with a significant adipose tissue 
component should be termed angiomyolipomatous hamarto-
ma.10 The pathogenesis of this lesion is unclear. A possible ex-
planation is that AMH represents a vascular and smooth muscle 

proliferative response to chronic impairment of nodal lymphatic 
flow or to previous nodal inflammation.3

Lesions in the popliteal fossa should be evaluated carefully, 
especially when associated with pain. The treatment depends 
on the type of lesion. Radiological investigation is mandatory 
for proper characterization. Histopathological examination will 
confirm this unusual benign entity that is managed surgically. 
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Primary tumors of the rib are uncommon, comprising 5%–
10% of all bony tumors. Benign tumors constitute 63% of this 
group.1 Common benign entities include osteochondroma, en-
chondroma, and fibrous dysplasia, while common malignant 
tumors of the ribs include plasmacytoma, chondrosarcoma, os-
teosarcoma, and Ewing’s sarcoma.1 Focal hematopoietic hyper-
plasia (FHH) is an unusual benign lesion characterized by an 
expansive osteolytic mass involving the rib in all reported cas-
es.2-4 Most cases were detected incidentally on routine chest ra-
diography performed for unrelated reasons. The lesion is typi-
cally composed of hypercellular marrow containing all three 
lineages of hematopoietic cells with interspersed fatty marrow; 
no hematopoietic dyspoiesis or malignancy is seen. Though 
clinical signs and radiological features of the lesion often simu-
late a true neoplasm, in reality it is a pseudotumor. Follow-up 
investigation has failed to show any recurrence or neoplastic 
transformation after resection of the lesion.2 To the best of our 
knowledge, to date only four cases have been reported in the 
English literature.2-4 We report a case of FHH in the right sec-
ond rib in a 26-year-old female who underwent surgery after ra-
diological diagnosis of osteochondroma.

CASE REPORT

A 26-year-old female patient presented with upper backache 
and pain in the right side of the neck for 2 months in duration. 

There was no history of trauma, tuberculosis, hypertension or 
diabetes. Physical examination, and hematological and bio-
chemical investigation did not reveal any abnormalities. Rou-
tine chest radiography showed a well-defined, expansile sclerot-
ic mass in the right second rib (Fig. 1A). Subsequent computed 
tomography revealed a 5.0×4.5-cm mass in the body of the rib 
with internal linear calcification. There was cortical bulging 
and thinning of the inner surface without cortical destruction 
(Fig. 1B, C). The patient underwent surgery with a radiological 
diagnosis of osteochondroma. The mass was completely excised, 
fixed in 10% buffered formalin and processed for paraffin em-
bedding after decalcification in 5% nitric acid. Microscopic ex-
amination revealed an inner shell with essentially normal tra-
beculae and a focal haphazard arrangement (Fig. 2A). Hypercel-
lular marrow containing normal hematopoietic cells of all three 
lineages intermixed with fatty marrow in the inter-trabecular 
spaces was observed (Fig. 2B, C). No dyspoiesis or hematologi-
cal malignancy was seen, nor was there any fibrosis. Postopera-
tive follow-up of the patient was uneventful.

DISCUSSION

The term “focal hematopoietic hyperplasia of rib” or “hema-
topoietic pseudotumor” was first coined by Edelstein and Kyria-
kos in 1984.2 They reported two cases of incidentally-detected 
lesions in a 66-year-old female and a 71-year-old male during 
routine radiologic investigation for other reasons. The typical 
radiologic manifestation of the pseudotumor is an expansive, 
solitary, osteolytic mass of the rib with internal ill-defined lin-
ear hyperdense areas and calcification. There is expansion and 
thinning of the bony cortex without destruction.2-4 Histologi-
cally, the lesion is characterized by focal hyperplasia of normal 
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A

B

C

Fig. 1. Radiologic features of focal hematopoietic hyperplasia. (A) Chest radiograph showing a well-defined sclerotic bony lesion arising from 
the right second rib and projecting into the right upper zone. (B, C) Axial computed tomography images of the lung and mediastinal window 
demonstrating a well-defined sclerotic osseous lesion arising from the lateral aspect of the right second rib. The lesion has an intrathoracic, 
extrapleural component, which indents the upper lobe of right lung.

A B

Fig. 2. Microscopic features of focal hematopoietic hyperplasia. 
(A) Photomicrograph showing an inner shell with essentially nor-
mal-thickness bony trabeculae with a focal haphazard arrange-
ment. (B) Hypercellular marrow containing normal hemopoietic 
cells with merging fatty marrow in the intertrabecular spaces. (C) 
Higher magnification showing normal hematopoietic cells of all 
lineages.C
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old patients, respectively. According to the available literature, 
a classical intraosseous myelolipoma radiologically appears as an 
osteolytic and or osteosclerotic intramedullary lesion without 
any cortical expansion. In contrast, the typical radiologic fea-
tures of FHH are an expansive, osteolytic lesion with internal 
calcification, as seen in our case. Microscopically FHH exhibits 
hypercellularity of marrow elements for the age as compared to 
myelolipoma wherein the cellularity is normal. 

Two possible mechanisms that have been proposed in the 
pathogenesis of FHH include 1) the reactive process after trau-
ma and inflammation, and 2) developmental anomaly.2 Our pa-
tient had no history of trauma or any preceding infection in this 
location. She had no other abnormality on physical examination 
to suggest a developmental anomaly. 

Irrespective of these putative mechanisms, FHH of the rib is 
a rare non-neoplastic lesion with a characteristic radiologic ap-
pearance. The microscopic features are similar to hyperplastic 
marrow and myelolipoma, and a high index of clinical and ra-
diological suspicion is required for the diagnosis of this pseudo-
tumor. Radiologists should be aware of this incidentally-detect-
ed lesion of the rib. Histopathologists need to recognize this 
pseudotumor keeping in mind the differential diagnosis of in-
traosseous myelolipoma. Awareness of this entity will help to 
prevent unnecessary biopsy and surgical procedures.

Conflicts of Interest
No potential conflict of interest relevant to this article was 

reported.

REFERENCES

1.	Aydogdu	K,	Findik	G,	Agackiran	Y,	Kaya	S,	Karaoglanoglu	N,	Taste-
pe	I.	Primary	tumors	of	the	ribs;	experience	with	78	patients.	Inter-
act	Cardiovasc	Thorac	Surg	2009;	9:	251-4.

2.	Edelstein	G,	Kyriakos	M.	Focal	hematopoietic	hyperplasia	of	the	
rib:	a	form	of	pseudotumor.	Skeletal	Radiol	1984;	11:	108-18.

3.	Lee	KB,	Kim	BS,	Cho	JH.	Focal	hematopoietic	hyperplasia	of	the	
rib.	Skeletal	Radiol	2002;	31:	175-8.

4.	Galindo	LM,	Soans	S,	Chiaramonte	C,	Garcia	FU.	Focal	hematopoi-
etic	hyperplasia	of	the	rib.	Report	of	a	case	diagnosed	by	fine	nee-
dle	aspiration.	Acta	Cytol	1998;	42:	987-90.

5.	Greer	JP,	Foerster	J,	Rodgers	GM,	et al.	Wintrobe’s	clinical	hematol-
ogy.	12th	ed.	Philadelphia:	Lippincott	Williams	&	Wilkins,	2009.

6.	Resnick	D.	Bone	and	joint	imaging.	3rd	ed.	Philadelphia:	W.B.	Saun-
ders,	2004.

7.	McCarthy	EF,	Frassica	FJ.	Pathology	of	bone	and	joint	disorders	with	

hematopoietic elements including myeloid, erythroid and mega-
karyocytic cells. Hyperplastic marrow merging with fatty mar-
row is a characteristic finding, while no hematopoietic dyspoie-
sis or malignancy has been reported.2,3 Diagnosis is often made 
after excision of the lesion. The clinical and radiological mani-
festations of this lesion are like that of a true neoplasm, and, 
consequently, the differential diagnoses on radiology commonly 
considered are aneurysmal bone cyst, osteochondroma, chon-
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tumor.2 Only four cases of FHH have been reported in the liter-
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the investigation of upper backache. A radiological diagnosis of 
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Certain hematologic disorders such as chronic anemia, thalas-
semia, leukemia and myelofibrosis can demonstrate increased 
hematopoiesis with marrow hyperplasia, fatty marrow and thin 
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patients typically present with anemia, hepatosplenomegaly 
and skeletal deformity.6 In contrast, anemia and hepatospleno-
megaly are not associated with FHH and no such clinical fea-
tures were present in our case. In myelofibrosis, the trilineage 
proliferation of hematopoietic cells, including normoblasts, 
granulocyte precursors and megakaryocytes, is accompanied by 
a varying degree of marrow fibrosis.7 Our case revealed trilin-
eage proliferation of marrow cells without any fibrosis. The ma-
jority of the patients with myelofibrosis present clinically with 
anemia and hepatosplenomegaly; expanding bone mass is not a 
typical clinical manifestation of myelofibrosis. 

Myelolipoma can also demonstrate similar morphology to 
that seen in our case.8 The most common location of myeloli-
poma is the adrenal gland;8 however, a number of extra-adrenal 
myelolipomas have been reported in soft tissue, mostly in pre-
sacral locations, as well as in the retroperitoneum, pelvis, stom-
ach, musculofascial tissue and in the nose.9 Only three cases of 
intraosseous myelolipoma have been described in the literature.10 
Sundaram et al.10 reported two cases occurring in the roof of the 
acetabulum and the proximal femur in 35-year-old and 51-year-
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Collision tumors are best considered as separate primary neo-
plasms. These tumors have been reported in various organs, such 
as the esophagus, stomach, liver, thyroid gland, ovary, and lung, 
but they are extremely rare in the ovaries.1 The majority of 
these tumors are a collision between carcinomas and sarcomas 
or lymphomas, and rarely between two types of carcinoma.2 
The most common histological combination of collision tumor 
in the ovary is the coexistence of teratoma with mucinous tu-
mors (mucinous cystadenoma or carcinoma).1 Here we report a 
very unusual combination of fibrothecoma and serous cystade-
noma in the left ovary of an elderly woman who presented with 
an abdominal lump and ascites. 

CASE REPORT

A 63-year-old, parous, menopausal woman was admitted 
with complaints of abdominal distention for 3 months and dif-
ficulty in passing urine for 1 month. Physical examination re-
vealed an abdominal lump and ultrasonography revealed a large 
cystic mass. A computed tomography (CT) scan revealed a large 
cystic lesion (22.7×15×20 cm) occupying the pelvis and abdo-
men, with a well delineated solid area (9×5 cm) within it. Min-
imal ascites were noted (Fig. 1A, B). No other significant find-
ings, including pleural or pericardial effusion, were noted. Ma-
lignant neoplasm of the ovary was suspected. 

Cytology of ascitic fluid showed a few reactive mesothelial 
cells. Malignant cells were not seen. Carcinoma antigen 125 
(CA-125) levels were mildly elevated (0.42 IU/mL). A speci-
men from radical hysterectomy, including a left ovarian cystic 
mass, was received for histopathological examination. 

On cutting, the left ovarian cyst leaked blood-tinged, serous 
fluid. The cut surface showed a large, uniloculated, thin walled 
cyst (20×18 cm) with a smooth surface and congested vessels. 
At one end of the cyst, we observed a well-demarcated, solid, 
homogeneous, yellow-white mass (8×6 cm) (Fig. 1C, arrows). 
A few areas of cystic changes were seen. Compressed ovarian 
tissue at the periphery and fallopian tube could be identified. 

Histopathological examination of the solid area in the left 
ovarian mass showed a tumor composed of fascicles of loosely 
arranged spindle cells with variable cellularity and a variable 
amount of intervening collagen. The cells had oval to elongate 
nuclei with a moderate amount of pale to vacuolated cytoplasm 
(Fig. 2A, B). Nuclear atypia, mitotic activity, and edema were 
not seen in the tumor tissue. In places, closely packed spindle 
stromal cells were arranged in fascicles and a storiform pattern 
with hyaline collagen bands (Fig. 2C, D). No glandular struc-
tures were seen. A diagnosis of fibrothecoma was made. 

Histopathological examination of the cyst showed a fibrocol-
lagenous wall lined in places by cuboidal epithelium with cilia 
(Fig. 3A). Papillae were not seen. A diagnosis of serous cystade-
noma was made. Sections from the junction of the two tumors 
showed normal ovarian stromal tissue with congested blood ves-
sels (Fig. 3B). A final histological diagnosis of an ovarian colli-
sion tumor consisting of fibrothecoma and serous cystadenoma 
was made. 
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A

B C

Fig. 1. (A, B) Computed tomography scan showing a large cystic lesion occupying the pelvis and abdomen (solid area), and minimal ascites. 
(C) Specimen of left ovarian cyst with well-demarcated solid yellow tumor mass (arrows).

DISCUSSION

Collision tumors are defined as two adjacent but histological-
ly distinct tumors, without admixture, in the same tissue or or-
gan.1 These tumors are rare clinical entities. 

The majority of these tumors are a collision between carcino-
mas and sarcomas or lymphomas and have been reported in vari-
ous organs. Collision tumors involving ovaries are extremely 
rare. Many hypotheses have been put forward to explain the rare 
phenomenon of collision tumors: coincidental occurrence; carci-
nogenic agents of a primary tumor; oncogenic growth factors 
produced by a metastatic tumor; and alterations in the micro-
environment.1 In this case, the finding was coincidental. Very 
few reports of collision tumors involving ovaries have been re-
ported in the literature.1,3,4 

The pathology of collision tumors reveal two different types 
of coexisting neoplastic tissues, with a sharp demarcation be-
tween the two and without a substantial admixture of histology 

at the interface. The most common combination of collision tu-
mor in the ovary involves teratoma with mucinous tumors (cyst-
adenoma and carcinoma).1

Thecoma and fibroma often merge, therefore the term fibroth-
ecoma is appropriate. Pure thecomas are typically associated with 
estrogenic manifestations, which were not seen in our case. Ovar-
ian fibrothecomas often clinically present as a solid adnexal mass 
and can mimic malignant ovarian tumors. 

Ultrasonography features of fibrothecoma are usually nonspe-
cific, and magnetic resonance imaging (MRI) is often needed 
for further differentiation from other solid ovarian masses.5 MRI 
was not done in our case. Ovarian fibromas and fibrothecomas 
can be associated with ascites, sometimes in combination with 
pleural effusion, which may lead to a mistaken impression of 
inoperable ovarian neoplasm.5 

In 1937, Meigs described seven cases of combined pleural ef-
fusion, ascites, and ovarian fibroma and named it Meigs syn-
drome.6 In 1954, he limited the syndrome to cases where tu-
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Fig. 2. Microscopy of solid tumor showing areas of thecoma (A, B), fibroma (C), and mixture of fibroma and thecoma (D).

A

B

Fig. 3. (A) Microscopy of cyst wall showing lining of cuboidal epi-
thelium with cilia. (B) Microscopy from the junction of solid and cys-
tic tumors showing congested ovarian stroma.

mor removal cures the disease.6 Pseudo-Meigs is a variant, not 
possessing the original tumor cell types described by Meigs.7 

Proposed mechanisms for the ascites in Meigs syndrome are 

production of ascitic fluid by the tumor; lymphatic obstruction; 
hormonal stimulation; release of inflammatory mediators; and 
tumor torsion. Pleural effusion is thought to be caused by the 
migration of fluid and protein—perhaps by lymphatic chan-
nels— across the diaphragm.6 In the present case, pleural effu-
sion was not present, which was possibly due to the minimal 
amount of ascitic fluid. Elevated serum CA-125 levels, which 
are seen in Meigs or atypical Meigs syndrome, were seen in this 
case.8 

To the best of our knowledge, we are presenting the first case 
in the English literature of collision of fibrothecoma and serous 
cystadenoma in an ovary with Pseudo-Meigs syndrome. For 
correct diagnosis, these tumors need to be differentiated from 
fibrothecoma with massive cystic changes and serous cystadeno-
fibroma. The presence of cuboidal lining epithelium with cilia 
in the cyst wall ruled out massive cystic changes in fibrotheco-
ma and a follicular cyst. The absence of glandular structures in 
fibrothecoma ruled out serous cystadenofibroma. Follow up ex-
amination of the patient postoperatively showed the disappear-
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ance of ascitic fluid on a CT scan. 
We conclude that a diagnosis of collision tumor involving an 

ovary is challenging and often made postoperatively. The colli-
sion of fibrothecoma and serous cystadenoma is a rare combina-
tion and can cause Meigs or Pseudo-Meigs syndrome. Elevated 
serum CA-125 levels alone cannot differentiate between benign 
and malignant ovarian masses.

Conflicts of Interest
No potential conflict of interest relevant to this article was 

reported.

REFERENCES

1.	Bige	O,	Demir	A,	Koyuncuoglu	M,	Secil	M,	Ulukus	C,	Saygili	U.	
Collision	tumor:	serous	cystadenocarcinoma	and	dermoid	cyst	in	
the	same	ovary.	Arch	Gynecol	Obstet	2009;	279:	767-70.

2.	Murthaiah	P,	Truskinovsky	AM,	Shah	S,	Dudek	AZ.	Collision	tu-
mor	versus	multiphenotypic	differentiation:	a	case	of	carcinoma	

with	features	of	colonic	and	lung	primary	tumors.	Anticancer	Res	
2009;	29:	1495-7.

3.	Papaziogas	B,	Souparis	A,	Grigoriou	M,	et al.	A	rare	triple	coexis-
tence	of	a	collision	tumor,	a	benign	mature	cystic	teratoma	and	a	
hemorrhagic	follicular	cyst	of	the	ovaries.	Internet	J	Surg	2008;	14:	
19-24.

4.	Moid	FY,	Jones	RV.	Granulosa	cell	tumor	and	mucinous	cystadeno-
ma	arising	in	a	mature	cystic	teratoma	of	the	ovary:	a	unique	case	
report	and	review	of	literature.	Ann	Diagn	Pathol	2004;	8:	96-101.

5.	Kitajima	K,	Kaji	Y,	Sugimura	K.	Usual	and	unusual	MRI	findings	
of	ovarian	fibroma:	correlation	with	pathologic	findings.	Magn	Re-
son	Med	Sci	2008;	7:	43-8.

6.	Thaker	DA,	Stride	PJ,	Dettrick	A.	A	pseudo	case	of	atypical	pseudo-
Meigs	syndrome.	Indian	J	Cancer	2011;	48:	364-6.

7.	Kazanov	L,	Ander	DS,	Enriquez	E,	Jaggi	FM.	Pseudo-Meigs’	syn-
drome.	Am	J	Emerg	Med	1998;	16:	404-5.

8.	Renaud	MC,	Plante	M,	Roy	M.	Ovarian	thecoma	associated	with	a	
large	quantity	of	ascites	and	elevated	serum	CA	125	and	CA	15-3.	J	
Obstet	Gynaecol	Can	2002;	24:	963-5.



167

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 2383-7837
eISSN 2383-7845

Granulosa cell tumors are the most frequent sex cord stromal 
tumor and account for approximately 5% of all primary ovarian 
tumors. About 5% occur before puberty and 40% occur in the 
menopausal age group; however, these tumors have an indolent 
biological behavior.1 The clinical presentation in most cases is 
due to estradiol secretion but some may be nonfunctional or 
may present with virilizing symptoms. Unilocular and multi-
locular cystic granulosa cell tumors have been reported in the 
literature but are rare disease processes.2,3

 
CASE REPORT

A 57-year-old woman presented with lower abdominal pain 
and abdominal distention for 3 months duration. The patient 
reached menopause 10 years prior. She had no symptoms or signs 
of hyperestrinisim or virilization. Abdominal examination re-
vealed a mass consistent with 20 weeks of pregnancy extending 
to the umbilicus. On palpation, the mass was mobile and cys-
tic. Ultrasound examination showed a mixed echogenic mass 
measuring 13×8.8 cm, which arised from the left side of the 
pelvis (Fig. 1A). A computed tomography (CT) scan revealed a 
large cystic space occupying lesion with thick septa measuring 
18.5×11.9×14.4 cm arising from the pelvis (Fig. 1B). A pos-
sible diagnosis of a mucinous cyst adenoma/carcinoma was made. 
Lab investigations were within normal limits with cancer anti-
gen 125 levels being 5–12 U/mL (normal value, 0 to 35 U/mL). 
The patient underwent a total abdominal hysterectomy with 
bilateral salphingo-oopherectomy. Grossly, the left ovarian cyst 

measured 20×14×10 cm. The external surface of the cyst was 
smooth with prominent vasculature and the cut surface revealed 
a unilocular and thin-walled cyst filled with 500 mL of hemor-
rhagic fluid. The inner surface was smooth with tiny focal pap-
illary projections (Fig. 2). Histomorphology revealed a unicystic 
lesion lined by multi-layered granulosa cells with interspersed 
Call-Exner bodies (Fig. 3A, B). The neoplastic cells were round 
to polygonal with moderate to scant cytoplasm and round to 
oval nuclei with some showing prominent grooving (Fig. 3C). 
The immunohistochemical markers, inhibin and vimentin, 
were positive (Fig. 3D, E). A final diagnosis of unicystic granu-
losa cell tumor was made. 

DISCUSSION

Sex cord stromal tumors comprise approximately 8% of pri-
mary ovarian neoplasms, and among these tumors, the granulo-
sa cell tumor is the most common and accounts for approximate-
ly 1.5% of primary ovarian tumors. Granulosa cell tumors were 
first described by Rokitansky in the year 1859.4 Histogenesis of 
sex cord stromal tumors is uncertain; however, at present, the 
origin is considered to be coelomic epithelium or gonadal sex 
cord.2 There are two well-defined patterns of granulosa cell tu-
mor, the common adult granulosa cell tumor and the less fre-
quent juvenile type, which are based on clinical and histopatho-
logical features. The adult granulosa cell tumor accounts for 
95% of all ovarian tumors, and most commonly presents in the 
peri or postmenopausal period with a peak incidence between 
50–54 years.5

The usual presentation of these tumors are symptoms associ-
ated with hyperestrinism leading to isosexual pseudoprecocity 
in children and metrorrhagia in adults. A large number of an-
drogenic granulosa cell tumors present as unilocular or multi-
locular cysts.6 The association with androgen production and 
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A B

Fig. 1. (A) Mixed echogenic mass measuring 13× 8.8 cm arising from the left side of the pelvis. (B) Large cystic space-occupying lesion with 
thick septa measuring 18.5× 11.9× 14.4 cm arising from the pelvis. 

Fig. 2. Cut surface showing a thin walled unilocular cyst with a 
smooth inner surface and multiple tiny papillary excrescences and 
hemorrhagic areas.

the formation of unilocular cystic type of granulosa cell tumor 
remains an enigma.7 Sonographically and based on CT images, 
five morphological patterns were categorized including multi-
locular cystic, thick-walled unilocular cystic, thin-walled uni-
locular cystic, homogenously solid, and heterogeneously solid 
masses.

Grossly, granulosa cell tumors are usually unilateral and en-
capsulated with a smooth lobulated outline and predominantly 
solid or solid and cystic with a yellow to white cut surface. Cys-
tic degeneration and hemorrhage are common. Occasionally, 
the tumors may resemble a thin-walled unilocular or multiloc-
ular cystadenoma.2

The histomorphology of adult granulosa cell tumors includes 
well-differentiated and less well-differentiated types. The well-

differentiated group is composed of microfollicular, macrofol-
licular, trabecular, and insular patterns with the microfollicular 
pattern being the most common of all subtypes and contains 
Call-Exner bodies. Diffuse and watered silk or gyriform patterns 
fall under the less well differentiated group. Sclerotic stroma is 
a secondary degenerative change commonly seen in granulosa 
cell tumors, which most likely arises due to ischemia.7,8 Differ-
ential diagnosis for granulosa cell tumors include low-grade stro-
mal sarcomas, small cell carcinomas, and carcinoid tumors on 
low power magnification. These tumors lack nuclear grooving, 
are more hyperchromatic, and often contain more mitotic fig-
ures than typical granulosa cell tumors. The nuclear appearance, 
mitotic rate, and presence of Call-Exner bodies have a diagnostic 
value in differentiating granulosa cell tumors from other malig-
nant tumors.

Elevated levels of alpha inhibin and/or Müllerian-inhibiting 
substance (MIS) or anti-Müllerian hormone are useful and spe-
cific markers for early diagnosis and follow-up of granulosa cell 
tumors. This case was positive for alpha inhibin and vimentin. 
Therefore, the diagnosis of unilocular cystic granulosa cell tu-
mors is based on the histological examination with a monoto-
nous population of round to oval cells with Call-Exner bodies, 
nuclear grooves, low mitotic activity, infrequent diagnostic se-
rum markers, and immunohistochemical profile. The spectrum 
of differentiation correlates poorly with the clinical outcomes 
and all granulosa cell tumors are considered low grade malig-
nancies. Granulosa cell tumors are slow growing tumors, and 
late recurrence is a common feature. Clinicopathologic prognos-
tic markers include the tumor stage as well as tumor size and 
rupture, of which staging is the most important prognostic fac-
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Fig. 3. (A) A cyst wall lined by multilayered granulosa cells and 
Call-Exner bodies. (B) A fibrocollagenous cyst wall lined by multi-
layered granulosa cells with interspersed Call-Exner bodies. (C) 
These Call-Exner bodies showing round to polyhedral granulosa 
cells with scant cytoplasm and round to oval grooved coffee bean 
nuclei. (D) Inhibin positive cells seen in the cytoplasm of tumor cells. 
(E) Vimentin positive cells seen as diffuse membrane positivity.

tor.9 The 5-year survival rate for stage 1 disease ranges from 75% 
–95%. Presence of tumors greater than 10–15 cm in diameter 
carries a poor prognosis independent of stage. A mitotic index 
of more than or equal to 10 mitotic figures per high power field 
(×10) has a poor prognosis. Other histopathological variables 
used to determine prognosis include p53 status, histological 
pattern, disease stage, mitotic index, and lymphovascular inva-
sion. Of these factors, mitotic index and lymphovascular inva-

sion were the most important and are independent factors that 
determine prognosis.10 Life-long follow-up with clinical exami-
nations and measurement of tumor markers such as inhibin B 
are recommended.
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Vascular tumors are categorized into benign hemangiomas, 
frankly malignant angiosarcomas, and tumors of intermediate 
malignancy. Hemangioendotheliomas are of intermediate ma-
lignancy and encompass a broad range of histologic entities, in-
cluding retiform, epithelioid, kaposiform, polymorphous, and 
composite sub-types.1 Retiform hemangioendothelioma (RH) 
is an extremely rare disease entity of unknown etiology that was 
first described by Calonje et al.2 in 1994 as a vascular neoplasm 
of intermediate malignancy. It is characterized by a high rate of 
local recurrence and a low frequency of metastasis, and its bio-
logic potential is between that of hemangiomas and angiosarco-
mas. RH reportedly presents primarily as an exophytic dermal 
tumor of the extremities.3 We present the first report of RH 
arising in the neck without dermal involvement.

CASE REPORT

A previously healthy 27-year-old woman presented to the 
out-patient department of our institution in February 2012 
with a painless mass on the left side of the neck, which had in-
creased in size over the course of one year. She had no constitu-
tional symptoms such as weight loss, fever, or decreased appe-
tite, and the rest of her medical history was also unremarkable. 
Physical examination revealed a 4×3-cm mass occupying the 
left side of the neck at the level III lymph node region. On pal-
pation, the lesion was non-tender, hard, movable, and showed 
well-defined and smooth borders. The overlying skin was nor-

mal. Cervical lymph node enlargement was not observed, and 
the remainder of the otolaryngopharyngeal examination was 
unremarkable. Ultrasound-guided fine-needle aspiration was 
performed, and the cytology results were negative for malig-
nancy. Computed tomography of the neck showed a well-de-
fined heterogeneous mass with prominent ring enhancement 
occupying the left side of the neck at the level III lymph node 
region (Fig. 1). Surgical excision revealed a well-encapsulated 
and hypervascular tumor within the left anterior neck triangle.

Histologic examination revealed a 3.8×2×2-cm solid tumor 
with clear surgical margins. The tumor was composed of vascu-
lar structures containing elongated and narrow arborizing vas-
cular channels simulating the structure of a rete testis (Fig. 2). 
The vascular channels were lined with hobnail endothelial cells 
(Fig. 3), which demonstrated rare mitosis. The tumor cells were 
immune-reactive for CD31 and friend leukemia virus integra-
tion 1 (Fli-1), but not for smooth muscle actin. Based on these 
histopathologic and immunohistochemical features, a diagnosis 
of RH was reached.

After discussion with the head and neck oncology multidis-
ciplinary team, a regular follow-up program was scheduled for 
the patient without postoperative radiation or chemotherapy, 
because of the clear surgical margins and rare mitosis observed, 
and to avoid the potential life-long complications associated 
with radiation therapy. No recurrence was evident at 1-year fol-
low-up.

DISCUSSION

To date, only 32 cases of RH have been reported in the Eng-
lish literature.4 The etiology of this disease remains unclear; al-
though cases related to previous epidermal malignant neoplasms, 
radiotherapy, human herpes virus type 8 and lymphedema have 
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been reported, the exact associations have not been clearly es-
tablished.2,4,5 Disease duration from the time of diagnosis ranges 
from 2 months to several years.2,3,6 Most patients present be-
tween the second to fourth decades of life (mean age, 36 years).2 

There is a female predominance, with a female-to-male ratio of 
2:1.2,3,6 RH can develop as either exophytic or plaque-like le-
sions with size ranging from 1 to 30 cm.3,6 Most cases appear in 
the extremities, with a higher incidence in the lower limbs. Oc-
casionally, this disease occurs in the trunk, scalp, pinna, and pe-
nis.2-5 An RH presenting as a neck mass, as seen in this case, is 
unusual and has not been previously reported. The differential 
diagnoses generally include angiosarcoma, papillary intralym-
phatic angioendothelioma (PILA), hobnail hemangioma and 
Dabska-RH.3-5,7,8

The most important differential diagnosis of RH is angiosar-
coma because of the therapeutic and prognostic considerations. 
Angiosarcoma is an aggressive neoplasm with a high mortality 

rate and a very high incidence of local recurrence and metasta-
sis.6 RH also exhibits frequent local recurrence, but rarely me-
tastasizes,2,3 and no tumor-related deaths have been reported.6 
The vessels of angiosarcoma usually do not have a retiform ap-
pearance. Angiosarcoma is characterized by more nuclear atyp-
ia, conspicuous mitotic activity, tumor infiltration between in-
dividual collagen bundles, and multi-layering of endothelial 
cells without hobnail morphology.3,6 PILA is another important 
differential diagnosis of RH. Although the histologic features 
of RH overlap with those of PILA, PILA lacks a retiform growth 
pattern, and is characterized by cavernous lymphangioma-like 
vascular spaces. Unlike RH, which typically occurs in the ex-
tremities, PILA shows no preference for a specific anatomic site.7 
Hobnail hemangioma can be confused with RH due to its sim-
ilar hobnail endothelial cells. Hobnail hemangioma, however, 
lacks the complex retiform vessels and is a circumscribed tumor. 
Furthermore, the hobnail endothelial cells of hobnail hemangi-

Fig. 1. Computed tomography without contrast shows a mass occupying the left side of the neck at the level III lymph node region (A, ar-
row); with contrast, the well-defined mass reveals heterogeneous enhancement, with prominent ring enhancement (arrows) (B, C).

A B C

Fig. 2. Tumor histopathology shows complex branching vessels, 
resembling a rete testis.

Fig. 3. The vessels are lined by monomorphic hobnail-like endo-
thelial cells, without significant morphologic atypia.
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oma are seen in only the most superficial vessels. Collagen dis-
section is usually present, and an inflammatory infiltrate is not 
usually prominent.3 Dabska-retiform hemangioendothelioma 
and RH are closely related tumors characterized by the presence 
of “hobnail”-type endothelial cells. Although RH typically ap-
pears in young to middle-age adults in the lower limbs and trunk, 
Dabska tumors have no particular pattern in terms of age or an-
atomical site. In addition, RH is considered to be a vascular tu-
mor, while Dabska-RHs have a lymphatic endothelial pheno-
type.8

Cytologic or pathological examination reports may provide 
surgeons with appropriate guidelines for the treatment of pa-
tients, and the most compelling evidence in the differential di-
agnosis of RH is provided by immunohistochemistry, in which 
tumor cells react with endothelial markers (e.g., CD31, Fli-1, 
and factor VIII-related antigen).2,5,9,10 CD31 is generally regard-
ed as the single best marker of endothelial cell differentiation 
because it is expressed in 90% of endothelial cell tumors, but 
very rarely in carcinomas, lymphomas, and mesotheliomas.9 Fac-
tor VIII-related antigen has low sensitivity, and frequent pres-
ence of significant “background” due to staining of circulating 
antigen greatly limits the use of this marker.10 Hence, the ex-
pression of this marker was not determined in this patient.

There are differences between the present case and those in 
previous reports of RH in terms of disease location (neck vs mainly 
extremities), morphology (encapsulated mass vs mainly exo-
phytic lesion), and histology (deep soft tissue vs mainly dermal 
involvement). These differences may expand the understanding 
of RH. In summary, there can be diagnostic pitfalls in general 
practice when managing neck masses, particularly an uncom-
mon tumor in an unusual site. Awareness of this unique RH 
with uncertain malignant behavior is essential. In addition, as 
the prognosis and adjuvant therapy for RH and angiosarcoma 
are very different, it is important to distinguish them histopath-
ologically.
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Endobronchial metastasis is defined by bronchoscopically vis-
ible extrapulmonary tumors with lesions histologically identical 
to the primary tumors. Carcinomas of the breast, kidney, and 
colorectum are the most commonly encountered solid tumors 
causing endobronchial metastases,1 whereas such metastases 
arising from the tumors of uterine cervix are relatively rare. While 
there have been many case reports on endobronchial metastasis 
of uterine cervical squamous cell carcinoma, there is only one 
reported case of metastatic endobronchial adenocarcinoma from 
the uterine cervix2 and this report focused only on endoscopic 
treatment. Herein, we report a case of metastatic endobronchial 
adenocarcinoma from the uterine cervix with discuss on the dif-
ferential diagnosis.

CASE REPORT

A 59-year-old woman presented with cough, sputum, and 
dyspnea on exertion. Four years previously, she was diagnosed 
with uterine cervical cancer and had undergone radical hyster-
ectomy and bilateral salpingo-oophorectomy with adjuvant ra-
diotherapy in an overseas hospital. Chest computed tomogra-
phy revealed an endobronchial mass in the distal right main 
bronchus. Whole body positron emission tomography (PET) 
showed intense 18F-fluorodeoxyglucose uptake in the endo-
bronchial mass with no other abnormally hypermetabolic le-
sions. Bronchoscopic examination with biopsy was performed, 

and the pathologic finding was poorly differentiated carcinoma 
with necrosis and focal mucin formation (Fig. 1A). The tumor 
had been considered as poorly differentiated pulmonary adeno-
carcinoma, but it was negative for thyroid transcription factor-1 
(TTF-1) and napsin A immunostaining. The patient underwent 
right pneumonectomy with mediastinal lymph node dissection.

Macroscopically, a 6.5-cm-sized endobronchial mass was not-
ed originating from the right lower lobar bronchus. Microscop-
ically, the tumor showed large, confluent cribriform glands with 
focal papillary growth and intraluminal necrotic debris (Fig. 1B). 
The tumor cells were tall and columnar, showing elongated, ve-
sicular nuclei and amphophilic cytoplasm. Metastases to the 
peribronchial and subcarinal lymph nodes were observed. Since 
the microscopic findings were unusual for primary lung adeno-
carcinoma and the patient had a history of uterine cancer, ex-
tensive immunohistochemical staining was performed. The tu-
mor was positive for cytokeratin (CK) 7, carcinoembryonic an-
tigen, and p16, and negative for TTF-1, napsin A, estrogen re-
ceptor, progesterone receptor, vimentin, CK20, and caudal-re-
lated homeobox gene 2 (Fig. 1C, D). Human papillomavirus 
(HPV) genotyping (GeneFinder HPV Liquid Bead Microarray 
Kit, Infopia, Anyang, Korea) revealed the presence of HPV type 
18 genome in the tumor. The final pathological diagnosis was 
metastatic adenocarcinoma from the uterine endocervix.

DISCUSSION

Diffuse positive immunostaining for p16 is a good surrogate 
marker of high-risk HPV infection in uterine cervical and oro-
pharyngeal cancer.3 Primary lung cancers can also overexpress 
p16, but mainly in a focal distribution in approximately 32% 
of cases.4 However, high-risk HPV genomes are nearly nonexis-
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tent in lung cancer.4,5 Accordingly, confirmation of HPV infec-
tion is important to determine whether lung tumor has metas-
tasized from an HPV-associated primary cancer elsewhere in the 
body, such as the uterine cervix. In this case, HPV type 18 was 
detected in the tumor and a diagnosis of metastatic endocervi-
cal adenocarcinoma was made although the primary cancer tis-
sue was no longer available.

At the time of bronchoscopic biopsy, the patient’s history of 
uterine cancer was not known and whole body PET showed no 
other abnormal lesions except the endobronchial mass. Retro-
spective pathologic review of the biopsy showed no specific his-
tologic findings to suggest uterine endocervical adenocarcino-
ma. While positive immunostaining for both TTF-1 and nap-
sin A is highly specific and relatively sensitive for primary lung 
adenocarcinoma, negative immunostaining for both TTF-1 and 
napsin A has been reported in a small fraction of primary lung 

adenocarcinoma.6 Therefore, primary lung adenocarcinoma could 
not be excluded from the biopsy specimen alone. Since the tu-
mor was an endobronchial lesion, mucoepidermoid carcinoma 
was considered in the differential diagnosis. We retrospectively 
performed immunohistochemical staining for p16 as well as 
paired box 8 (PAX8), which is expressed in carcinomas arising 
in the endometrium, endocervix, ovary, thyroid, kidney, and 
urothelium. The tumor from the bronchoscopic biopsy showed 
positive immunoreactivity for p16, but negative immunoreac-
tivity for PAX8.

Diagnosis of an extrapulmonary malignancy in a small biop-
sy is challenging in the absence of information on the patient’s 
history of cancer. A combination of TTF-1 and napsin A im-
munostaining is useful to differentiate between pulmonary and 
extrapulmonary carcinoma in a proper clinical setting. When a 
non-squamous carcinoma from the bronchus is negative for both 

Fig. 1. (A) Histology of bronchoscopic biopsy shows poorly differentiated carcinoma with necrosis and focal mucin production (inset, muci-
carmine stain). (B) Histology of the pneumonectomy specimen shows confluent cribriform glands with focal papillary growth and intraluminal 
necrotic debris. Tall columnar tumor cells have elongated, vesicular nuclei and amphophilic cytoplasm (inset). (C) Immunohistochemical stain-
ing for p16 shows diffuse strong nuclear and cytoplasmic positivity in tumor cells. (D) Immunohistochemical staining for thyroid transcription 
factor-1 shows non-reactivity of tumor cells.

A B

C D
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TTF-1 and napsin A, the possibility of an extrapulmonary le-
sion may be considered and ancillary testing with clinical corre-
lation should be pursued.
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Malakoplakia, meaning soft (malako) plaque (plakia), is a rare 
benign inflammatory lesion. The disease was initially described 
in the bladder by Michaelis and Gutmann1 in 1902 and named 
by von Hansemann2 in 1903. Since its initial description, many 
cases have been described in numerous anatomic locations in-
cluding the genitourinary tract, gastrointestinal tract, pancreas, 
liver, oropharynx, retroperitoneum, thyroid gland, lymph nodes, 
lung, bone/joint, brain, skin, and other tissues.3-5 To our knowl-
edge, this is the first case of malacoplakia affecting the umbili-
cal cord.

CASE REPORT

A 33-year-old primigravida and nullipara woman in preterm 
labor at 32 weeks of gestation was referred to our hospital. Upon 
presentation, she had a temperature of 37.3°C, a pulse rate of 
108 beats per minute, and leukocytosis (white blood cells count 
>22,000 mm2). Vaginal examination revealed no pooling of 
fluid. She gave birth to a 2,000 g female infant by vaginal de-
livery, with Apgar scores of 7 and 9 at 1 and 5 minutes, respec-
tively.

Grossly, the placenta was 18×14×2.5 cm and 510 g. The 
attached cord measured 30 cm in length and 2 cm and 1.3 cm 
in maximal and minimal diameters, respectively. The middle 
portion of the umbilical cord was focally enlarged, measuring  
2 cm in length and 2 cm in diameter. The cut surface showed 
an ill-defined white to brown horseshoe-shaped area surround-
ing the umbilical vessels, measuring 2 cm in length and 0.2 cm 

in thickness (Fig. 1A). The chorionic plate had a patchy appear-
ance and was covered by a purulent exudate. 

Microscopically, there was a horseshoe-shaped calcified area 
located within the Wharton’s jelly. The calcified area consisted 
of multiple, small, round to oval, and calcified bodies (calco-
spherites), which were both intra- and extracellular. Many of the 
inclusions were confirmed to be within macrophages on CD68 
immunohistochemical stain. The majority of the lesion was ne-
crotic and contained an inflammatory infiltrate composed main-
ly of neutrophils and macrophages. The macrophages had abun-
dant eosinophilic cytoplasm with eccentric, hyperchromatic, 
and round nuclei (Fig. 1B). Concentrically laminated, round-
ovoid, and basophilic calcified bodies, which are referred to as 
Michaelis-Gutmann bodies, were also seen (Fig. 1C, D). These 
bodies stained positive for von-Kossa and periodic acid–Schiff. 
Acute inflammation of the choriodecidua, amnion, and chorion-
ic plate was noted. Based on the above findings, the diagnosis of 
malakoplakia of the umbilical cord, acute chorioamnionitis, 
and funisitis was made. Un fortunately, intracellular and extra-
cellular bacterial organisms were not revealed on special stains.

DISCUSSION

The pathogenesis of malakoplakia is thought to be related to 
infections and/or immunosuppressed states, such as human im-
munodeficiency virus infection, cancer chemotherapy, post or-
gan or bone marrow transplant states, and congenital immuno-
deficiency associated with an acquired bactericidal defect of mac-
rophages.6 The presence of a bacterial infection is clear in almost 
all reported cases, regardless of the site of organ involvement. 
Klebsiella pneumoniae and Escherichia coli are the most common 
cultured microorganisms in lesions of malakoplakia, although 
other gram-negative, gram-positive, and acid-fast bacilli have 
been implicated.5 In addition, the patients of several prior re-
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ports have been immunosuppressed or had an autoimmune dis-
ease, neoplasm, or organ transplant. Thorning and Vracko6 sug-
gested that malakoplakia may be caused by impaired phagocy-
tosis and a specific defect in the acidification of lysosomal vacu-
oles containing partially digested bacterial particulates, and there-
fore, as mentioned above, macrophages are able to ingest but not 
kill specific organisms.

While pregnancy is not an immunosuppressed state, immu-
nologic changes during pregnancy may increase the susceptibil-
ity to certain pathogens, including viruses, bacteria, and para-
sites. Therefore, pregnancy is associated with an increased risk 
of infection. Given that our patient presented with a mild fever, 
leukocytosis, and tachycardia, it was highly suspected to be an 
infection. Clinical and histological chorioamnionitis was con-
firmed. The pathogenesis of chorioamnionitis is marked by the 

passage of infectious organisms to the chorioamnion and/or the 
umbilical cord of the placenta.7 This passage occurs most com-
monly by an ascending infection from the lower genital tract.7 
In pregnancy, two cases of malakoplakia have been reported. One 
case involved the pelvic peritoneum and the other involved the 
cerebrum.8,9 A urinary tract infection was the cause of infection 
in both cases.8,9 Unfortunately, the offending organism in the 
present case was not isolated making the cause unclear. 

During normal pregnancy, there is an increase in innate im-
mune cells, such as macrophages and natural killer cells. These 
macrophages may be important for local immune function as 
well as the placental development by promoting trophoblast 
recruitment, spiral artery remodeling, and angiogenesis.10 How-
ever, it is currently unknown why some patients develop the 
dysfunctional changes of macrophages that can predispose pa-

Fig. 1. Representative macroscopic and microscopic images of the lesion. (A) The middle portion of umbilical cord is focally enlarged, inside 
which an ill-defined white to brown horseshoe-shaped area (arrowhead) surrounding the umbilical vessels is noted. (B) The concentrically 
laminated, round-ovoid, basophilic calcified bodies, referred to as Michaelis-Gutmann bodies, are seen within macrophages (arrowhead). (C) 
This lesion is composed of multiple, small, round to oval, calcified bodies (calcospherites), Michaelis-Gutmann bodies (arrowheads), and an 
inflammatory infiltrate containing mainly necrotic macrophages. (D) The Michaelis-Gutmann bodies (arrowheads) are also observed in the 
noncalcified area.
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tients to malakoplakia.
This is the first case of malakoplakia affecting the umbilical 

cord. Our findings illustrate that in cases with clinical features 
associated with clinical chorioamnionitis including maternal fe-
ver and tachycardia (>100/min), fetal tachycardia (>160/min) 
and purulent or foul-smelling amniotic fluid, malakoplakia 
should be suspected.
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