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ABSTRACT: Adamantinoma (AD) is a rare, slow-growing primary malignant bone tumor characterized by a biphasic morphology of clusters
of epithelial cells and spindle cell osteofibrous components. A strong relationship between AD and osteofibrous dysplasia (OFD) has been
proposed, while fibrous dysplasia (FD) has been rarely associated with AD. We present an AD case that was followed and histologically
evaluated 3 times over 6years with different morphological patterns. The tumor in the primary biopsy and after complete resection showed
classical features of AD and osteofibrous-like pattern, while the recurrent lesion presented with exclusively spindle cell morphology and was
thus diagnosed as FD. However, the extensive immunohistochemical analysis in all 3 lesions revealed strong reactivity for pancytokeratin,
vimentin, p63, and podoplanin, which are characteristic for AD. Although, in the FD-like section of the tumor from the first recurrence the posi-
tivity of podoplanin was stronger than pancitokeratin, which was variably positive on spindle cells. The present case highlights the problem
of diagnosing AD based on a single biopsy with one tumor’s component predominating over the other, and at the same time emphasizes the
importance of using immunohistochemical staining for keratin and podoplanin when the histopathological features of (osteo)fibrous lesion

can be linked to AD.

KEYWORDS: Adamantinoma, osteofibrous dysplasia, fibrous dysplasia, podoplanin, p63 antigen

RECEIVED: May 13, 2023. ACCEPTED: February 29, 2024.
TYPE: Case Report

FUNDING: The author(s) received no financial support for the research, authorship, and/or
publication of this article.

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential
conflicts of interest with respect to the research, authorship, and/or publication of this
article.

CORRESPONDING AUTHOR: Nives Jonji¢, Department of Pathology, University of
Rijeka, Faculty of Medicine, Bra¢e Branchetta 20, Rijeka 51 000, Croatia.
Email: nives.jonjic@medri.uniri.hr

Introduction

According to the WHO definition, the adamantinoma (AD) is
a biphasic locally aggressive or malignant tumor characterized
by a variety of morphological patterns, with a variable epithelial
component within a bland osteofibrous component.! The
tumor is classified into 3 distinct subtypes: classic, osteofibrous-
like, and dedifferentiated. The main component in classic
AD is the epithelial, with 4 growth patterns (basaloid, tubular,
spindle-cell and squamous), in the osteofibrous-like AD
(OFD-AD), it is the osteofibrous tissue with small clusters of
epithelial cells, positive for cytokeratin,? while in the dedif-
ferentiated subtype the areas of classic AD gradually combine
with a diffuse growing proliferation in which the epithelial
differentiation is lost.3~> Case reports suggest the possibility
of progression from OFD-AD to AD.®7 Other studies have
also reported Ewing-like type® and rhabdoid variants of AD.%
Since the listed components can be differently represented in
the lesion, difficulties in distinguishing some cases of AD,
especially from osteofibrous dysplasia (OFD) or spindle cell
sarcomas, can emerge.

The real histogenesis and pathogenesis of AD is still being
debated. In the past, several hypotheses have been made
regarding the origin of the tumor. Some authors supported
the hypothesis of congenital epithelial cell implantation, oth-
ers argued for traumatic implantation or articular origin,

while recent studies indicate the role of mesenchymal-to-
epithelial transformation, leading to the origin of the epithe-
lial component.10-13

Similar clinical, radiological, histological and molecular
features of AD and OFD suggest a relationship between the
two.141 Despite these similarities, the treatment and prog-
nosis differ significantly; therefore, the establishment of diag-
nosis should be performed precisely. On the contrary, fibrous
dysplasia (FD) is not believed to be linked to AD.1,20

Adamantinoma is frequently localized in long tubular
bones, mostly in the tibia,? as it was in our patient who devel-
oped recurrent lesions, whose histological features ranged
from a classic subtype of AD with a mostly tubular growth
pattern in the primary lesion to lesions histologically indis-
tinguishable from FD, and furthermore to a classic subtype
with a basaloid growth pattern and foci of osteofibrous-like
growth in the resected bone, thus representing a spectrum of
epithelial-to-mesenchymal and mesenchymal-to epithelial
transformation.

Case Report

A 70-year-old female patient sought medical attention due to
a progressive tumorous lesion on her left tibia that was causing
pain and swelling, which she had been attempting to treat for
the past 6years at different institutions. The older medical
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Figure 1. (a) Preoperative plain radiographs reveal multiple eccentric, predominantly lytic lesions of the tibia shaft with well-defined transition zones and
solid periosteal reactions, without destruction, (b) postoperative radiographs 6 years after show distal extension of osteolytic lesions to the epiphysis and
subarticular zone, and (c) gross appearance of the tumorous lesion after amputation. The tumor presents as a yellowish-gray, cheesy and gritty mass with
areas of necrosis and hemorrhage that involve the cortex and expand into the medulla. The lesion reaches the distal portion of the tibia.
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Figure 2. Histological and immunohistochemical (pancytokeratin (AE1/AE3), p63, podoplanin (D2-40)) results of sections of the same lesion taken at
different time intervals (magnification 100X). Classical adamantinoma histomorphology was detected in the primary and last specimens, while the same
lesion in the first recurrence showed fibrous-dysplasia like features. Independently of morphology, all sections were positive for adamantinoma markers.

documentation, including X-rays, revealed that the lesion was
previously treated by excochleation and spongioplasty, followed
by preventive osteosynthesis. Radiological studies of the lesion
initially demonstrated an irregularly expanding osteolytic
lesion in the diaphysis of the distal tibia, with well-defined
transition zones and solid periosteal reactions, without destruc-
tion. Six years after, radiographs show distal extension of the
osteolytic lesions to the subarticular zone (Figure 1a and b).
The first histological analysis demonstrates a classic AD

(features of tubular epithelial cells), positive for pancytokeratin
and vimentin, in a well-vascularized stroma (Figure 2). The
recurrent lesion was characterized by spindle, fibroblast-like
cells with uniform, oval nuclei, along with small and discon-
nected bone trabecule without osteoblastic rimming (Figures 2
and 3a). No further immunohistochemical evaluation was
performed, and the diagnosis of FD was made.

After the amputation of the leg, the specimen demonstrated
the gross appearance of the tumorous lesion that involves
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Figure 3. (a) Fibrous dysplasia-like features of the tumor section from the first recurrence and (b) osteofibrous dysplasia-like features (with clear
osteoblastic rimming) detected in the tumor section from the resected tumor (magnification 200x).

Table 1. Antigen expression in stromal and epithelial components of adamantinoma, osteofibrous dysplasia, and fibrous dysplasia.

PANCYTOKERATIN AE1/AE3 VIMENTIN V9
FD - +
OFD + N
ALB-OFD | +
ALB n n

+ (rare; stromal component)

++ (epithelial cells)

PODOPLANIN D2-40

+ (stromal component)

+ (rare; stromal component) Na

++ (epithelial, stromal component)

Abbreviations: ALB, adamantinoma (of long bones); ALB-OFD, osteofibrous dysplasia like adamantinoma; FD, fibrous dysplasia; na, non applicable (not tested on this

group of lesions); OFD, osteofibrous dysplasia.

the cortex and expands into the medulla, reaching the distal
portion of the tibia (Figure 1c), while the histological analysis
performed at our institution confirmed the diagnosis of AD,
mostly of the classic subtype with basaloid epithelial cells,
but also featuring some OFD-like and no FD-like zones
(Figures 2 and 3b).

Since the aim of this study was to investigate the 6-year
histological progression of the lesion, immunohistochemistry
was performed on sections from all 3 biopsies. Based on lit-
erature data on the expression of different immunomarkers
in AD, osteofibrous-like AD, OFD, and FD, histological
sections were stained for pancytokeratin, vimentin, p63 and
podoplanin?®-22 (Table 1). Immunohistochemistry confirmed
the diagnosis of AD in all 3 biopsies. The results of the analy-
sis are shown in Table 2 and Figure 2.

We evaluated the patient for 9 years after surgery, and there
were no complaints. The patient could walk normally without
aid since last year when she passed away, but not as a result of a
bone tumor.

Discussion
The incidence of recurrences of AD is frequent, regardless of
the surgical strategy,?? while metastases have been reported in

15% to 30% of cases and included only the epithelial compo-
nent of the tumor.? In the present case, we were able to histo-
logically follow and compare the appearance of AD in a patient
who developed 2 recurrences in the tibia over the course of
6years. The first biopsy and the last examination showed fea-
tures attributable to the classic subtype of AD, without any
changes in immunoreactivity of the markers used. The only
exception was the FD-like section of the tumor analyzed in the
first recurrence (3years after the first biopsy), which showed
stronger podoplanin positivity than the samples from first and
last examination, in contrast to cytokeratin, which was variably
positive on spindle cells, as previously observed in the work
of Kashima et al'! In the last biopsy, there were no FD-like
sections, but only small patches of scattered OFD-like areas
(fibrous stroma with bone trabecule rimmed with active osteo-
blasts) were found. Although some authors have suggested that
the predominance of spindle cells is a step forward to the last
extreme end of the sarcomatoid dedifferentiation of adamanti-
noma,*® it seems that in our case the spindle-cell pattern did
not progress (the final lesion maintained the same morphology
as 6years prior). It is possible that the FD-like section was just
a transient form of the tumor cell population. Considering the
differences in epithelial components of the tumor, it would be
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Table 2. Antigen expression in the sections of the same lesion in the patient based on the diagnosis and time-period.

PANCYTOKERATIN AE1/AE3 VIMENTIN V9
ALB 2008 n "
FD 2011 + +
ALB 2014 n n

P63 PODOPLANIN D2-40
+ (epithelial cells) + (epithelial, stromal cells)
+ +

+ (epithelial cells) + (epithelial, stromal cells)

Abbreviations: ALB, adamantinoma (of long bones); ALB-OFD, osteofibrous dysplasia like adamantinoma; FD, fibrous dysplasia; OFD, osteofibrous dysplasia.

interesting to study a larger AD sample and observe the pos-
sible progression and regression of different epithelial variants
and stromal components, and their relationship with diagnosis
and clinical course. In our case, the patient had a long survival,
which aligns with research showing that OFD- like AD has a
better outcome than classic AD.23

Adamantinoma is today recognized as an osteofibrous
neoplasm, which, despite the possible de novo occurrence, is
often seen as a continuum of OFD. Contrary to a series of
earlier studies that linked FD to AD,?*?7 it is now generally
accepted that FD remains a distinct entity and cannot be a
precursor of AD or OFD.":28 However, a case study by Nouri
et al® has suggested that AD could develop from a malignant
transformation of FD. They based their conclusion on the
mesenchymal-to-epithelial transition theory and the simulta-
neous detection of FD and dedifferentiated adamantinoma
in opposite legs of the same patient.

Since our patient presented with AD of the left tibia and
the diagnosis of FD in the same leg in her medical history, it
was hypothesized that this would be the first case demonstrat-
ing the co-existence and possible developmental relationship
between the 2 lesions speculated before. However, immunohis-
tochemistry proved that the FD, which was morphologically
diagnosed in the first recurrence, was just a FD-like portion
of a pre-existing AD, showing strong positivity for the AD
epithelial markers (Table 1). The spindle cells were proven not
to be fibroblastic stromal cells but fibroblast-like epithelial
cells, confirming how the epithelial component can be easily
hindered in cases with a marked spindle-cell pattern.® This
confirmed the difficulties encountered when diagnosing AD,
especially when relying on single biopsies, atypical clinical fea-
tures, or medical history, as it was pointed out in the earlier
works.?%-31 Since the spindle cell variant of the tumor produces
the highest number of misdiagnoses, it is possible that some
older cases describing FD lesions within AD were also just
spindle-cell variants of the tumor not subjected to immuno-
histochemistry.?4?” On the other hand, Nouri et al* presented
a case of immunohistochemically proven FD in a patient with
AD. However, since bilateral occurrence of AD is quite rare3?
and in this patient the FD affected a different extremity, their
finding may be just an incidental finding and not proof of FD
progression into AD.

Our study showed that the classical type of AD could pre-
sent regions of spindle cells mimicking FD, and not only OFD.

This supports the suggestion to rely on multiple biopsies for
diagnosing AD, since a single biopsy with one tumor’s compo-
nent predominating over the other can hinder the accurate
diagnosis. Any (osteo)fibrous lesion accompanied by symptoms
that can be linked to AD should be evaluated immunohisto-
chemically, despite the apparently clear histology,®® and not
only with epithelial markers but also with podoplanin, since
cytokeratins and EMA can show variable staining in the
spindle cells of FD-like AD. This is supported by the fact that
AD is a biphasic tumors that contain epithelial and mesenchy-
mal component, such as synovial sarcoma, mesothelioma and
ameloblastoma that also express podoplanin.!!

Acknowledgements
There are no acknowledgments.

Author Contributions

AP and NJ: wrote the paper.

VS: concept and design of the paper, critical treatment of the
article.

ASV: reviewed the literature and text.

PP: reviewed the text, collected clinical data.

All authors: final approval of the manuscript.

Ethical approval

Ethical approval was not required for this case report.

Consent

The authors certify that they have obtained all appropriate
written informed consent forms from the patient’s family for
the publication of this case report and accompanying images.
The family understands that patient’s name and initials will

not be published.

REFERENCES

1. Nielsen GP, Hogendoorn PCW, eds. Soft Tissue and Bone Tumours. WHO
Classification of Tumors. 5th ed. Lion France; 2020:463-466.

2. Jain D, Jain VK, Vasishta RK, Ranjan P, Kumar Y. Adamantinoma: a clinico-
pathological review and update. Diagn Pathol. 2008;3:8.

3. Rekhi B, Sahay A, Puri A. Clinicopathologic features of two rare cases of
dedifferentiated adamantinomas, including diagnostic implications. Inz ] Surg
Pathol. 2019;27:193-202.

4. Izquierdo FM, Ramos LR, Sinchez-Herréez S, et al. Dedifferentiated classic
adamantinoma of the tibia: a report of a case with eventual complete revertant
mesenchymal phenotype. 4m J Surg Pathol. 2010;34:1388-1392.

Nouri H, Jaafoura H, Bouaziz M, et al. Dedifferentiated adamantinoma associ-
ated with fibrous dysplasia. Orthop Traumatol Surg Res. 2011;97:770-775.



Petaros et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hatori M, Watanabe M, Hosaka M, et al. A classic adamantinoma arising from
osteofibrous dysplasia-like adamantinoma in the lower leg: a case report and
review of the literature. Tohoku J Exp Med. 2006;209:53-59.

Schutgens EM, Picci P, Baumhoer D, et al. Surgical outcome and oncological sur-
vival of osteofibrous dysplasia-like and classic adamantinomas: an international
multicenter study of 318 cases. ] Bone Joint Surg Am. 2020;102: 1703-1713.
Hamdane MM, Charfi L, Driss M, et al. Ewing-like adamantinoma. Orzhop
Traumatol Surg Res. 2012;98:845-849.

Povysil C, Kohout A, Urban K, Horik M. Differentiated adamantinoma of
the fibula: a rhabdoid variant. Skeletal Radiol. 2004;33:488-492.

Hazelbag HM, Laforga JB, Roels HJ, Hogendoorn PC. Dedifferentiated
adamantinoma with revertant mesenchymal phenotype. Am J Surg Pathol. 2003;
27:1530-1537.

Kashima TG, Dongre A, Flanagan AM, et al. Podoplanin expression in adaman-
tinoma of long bones and osteofibrous dysplasia. Virchows Arch. 2011;459: 41-46.
Taylor RM, Kashima TG, Ferguson DJ, etal. Analysis of stromal cells in
osteofibrous dysplasia and adamantinoma of long bones. Mod Pathol. 2012;25:
56-64.

Benassi MS, Campanacci L, Gamberi G, etal. Cytokeratin expression and
distribution in adamantinoma of the long bones and osteofibrous dysplasia of
tibia and fibula. An immunohistochemical study correlated to histogenesis.
Histopathology. 1994;25:71-76.

Varvarousis DN, Skandalakis GP, Barbouti A, et al. Adamantinoma: an updated
review. In Vivo. 2021;35:3045-3052.

Gleason BC, Liegl-Atzwanger B, Kozakewich HP, et al. Osteofibrous dysplasia
and adamantinoma in children and adolescents: a clinicopathologic reappraisal.
Am J Surg Pathol. 2008;32:363-376.

Hazelbag HM, Wessels JW, Mollevangers P, et al. Cytogenetic analysis of ada-
mantinoma of long bones: further indications for a common histogenesis with
osteofibrous dysplasia. Cancer Genet Cytogenet. 1997,97:5-11.

Maki M, Athanasou N. Osteofibrous dysplasia and adamantinoma: correlation
of proto-oncogene product and matrix protein expression. Hum Pathol. 2004;35:
69-74.

Ramanoudjame M, Guinebreti¢re JM, Mascard E, et al. Is there a link between
osteofibrous dysplasia and adamantinoma? Orzhop Traumatol Surg Res. 2011;97:
877-880.

Springfield D, Rosenberg AE, Mankin HJ, Mindell ER. Relationship between
osteofibrous dysplasia and adamantinoma. Clin Orthop Relat Res. 2004;15:
452-455.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Dickson BC, Gortzak Y, Bell RS, etal. P63 expression in adamantinoma.
Virchows Arch. 2011;459:109-113.

Ishida T, Tijima T, Kikuchi F, etal. A clinicopathological and immunohisto-
chemical study of osteofibrous dysplasia, differentiated adamantinoma, and ada-
mantinoma of long bones. Ske/etal Radiol. 1992;21:493-502.

Puchner SE, Varga R, Hobusch GM, etal. Long-term outcome following
treatment of adamantinoma and osteofibrous dysplasia of long bones. Orzhop
Traumatol Surg Res. 2016;102:925-932.

Deng Z, Gong L, Zhang Q, et al. Outcome of osteofibrous dysplasia-like versus
classic adamantinoma of long bones: a single-institution experience. J Orthop
Surg Res. 2020;15:268.

Weiss SW, Dorfman HD. Adamantinoma of long bone. An analysis of nine new
cases with emphasis on metastasizing lesions and fibrous dysplasia-like changes.
Hum Pathol. 1977;8:141-153.

Schajowicz F, Santini-Araujo E. Adamantinoma of the tibia masked by fibrous
dysplasia. Report of three cases. Clin Orthop Relat Res. 1989;238:294-301.
Levack B, Revell PA, Roper BA. Adamantinoma associated with fibrous dyspla-
sia. Int Orthop. 1986;10:253-259.

Cohen DM, Dahlin DC, Pugh DG. Fibrous dysplasia associated with adaman-
tinoma of the long bones. Cancer. 1962;15:515-521.

Sakamoto A, Oda Y, Iwamoto Y, Tsuneyoshi M. A comparative study of
fibrous dysplasia and osteofibrous dysplasia with regard to gsalpha mutation
at the Arg201 codon: polymerase chain reaction-restriction fragment length
polymorphism analysis of paraffin-embedded tissues. J Mo/ Diagn. 2000;
2:67-72.

Bloem JL, van der Heul RO, Schuttevaer HM, Kuipers D. Fibrous dysplasia vs
adamantinoma of the tibia: differentiation based on discriminant analysis of
clinical and plain film findings. 4m J Roentgenol. 1991;156:1017-1023.
Tharmabala M, Kandapur V, Senger JL, Kanthan R. Diagnostic pitfalls in tibial
adamantinoma: two cases with a clinicopathological review. Clin Pract. 2011;1:
el38.

Virk JS, Pruthi M, Rekhi B, Pasricha S. Adamantinoma of pelvis: a rare tumor
at an uncommon site, with diagnostic implications. Ind J Orthop. 2021;55:
261-5266.

Imran MB, Othman SA. Bilateral tibial adamantinomas simulating stress
fractures on scintigraphy. Clin Nucl/ Med. 2011;36:788-790.

Kamal AF, Anshori F, Kodrat E. Osteofibrous dysplasia-like adamantinoma
versus osteofibrous dysplasia in children: a case report of challenging diagnosis.
Int ] Surg Case Rep. 2021;80:105599.



