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Key Messages

Intraoperative cytology (squash) cangive the accuratediagnosis
of the neoplastic process of plasma cells rather than as reactive
plasmacytomas, so as to commence the battery of diagnostic
tests of plasma cell neoplasms required in no time for correct
final diagnosis paving the way for rapid management.

Introduction

Multiple myeloma (plasma cell myeloma [PCM]) and solitary
plasmacytoma are plasma cell neoplasms.1 The rare nonsecre-
tory subtype (nonsecretorymyeloma[NSM])of the latter (1–5%
of PCM) does not have the diagnostic M band or raised serum-
free light chains. Solitary plasmacytoma of bone (SPB) is a
tumor localized in the bone, composed of monoclonal plasma
cells without any clinical features of PCM and no physical or

radiographical evidence of additional plasma cell tumors.
PCMs usually present with weakness, bone pain, infections,
bleeding, and occasionally with neurological manifestations.1

NSMs/PCMsandSPBpresentingasaplasmacytomaareunusual
as is cytology as the initial investigation for diagnosing plas-
macytoma. Thus, the present case is unique in that plasmacy-
toma was diagnosed on squash cytology, which hastened full
workup and confirmed the diagnosis of NSM in a short time.

Case History

A65-year-oldmale patient presentedwith a 1-year history of
swelling over the right side of the forehead that gradually
increased in size (►Fig. 1A). Therewas associated pain for the
past 3 months with absence of neurological symptoms. On
examination, the swelling was bony, 8�10 cm in size
extending up to the vertex. There was no neurodeficit.
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Abstract Plasmacytoma of bone is one of the criteria for diagnosing plasma cell myeloma
(multiple myeloma). A plasmacytoma involving a frontal bone is unusual, with only few
being reported so far. Also, when typical clinical presentation is absent, diagnosis is
usually not suspected clinicoradiologically. We report a rare case of frontal bone
plasmacytoma presenting as a lump over the forehead, the squash cytology of which
gave the diagnosis of neoplastic etiology. Thus, squash cytology helped in early and
definitive diagnosis in this patient, hastening meticulous diagnostic investigations and
appropriate management. With full workup, the final diagnosis of a nonsecretory
multiple myeloma was made.
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Magnetic resonance imaging (MRI) of the brain showed an
ill-defined extra-axial solid mass lesion (space occupying
lesion [SOL]) in the right frontal regionwith both intracranial
and extracranial extension, the former abutting the right
frontal lobe and the latter causing thickening and expansion
of the inner and outer tables of the right frontal bone
(►Fig. 2). Thus, the diagnosis of meningioma was made.

Right frontal craniotomy and near-complete excision of this
frontal extra-axial SOL (intraoperatively found to be bony mass)
was performed with a 2-cm bony margin circumferentially

(►Fig. 1B). The bony mass was found to be densely adhered to
theunderlyingdura, andwas thusexcisedalongwith it. Thedural
defect was repaired with the pericranium. Intraoperatively, a bit
of the tumor was sent for squash cytology. The smears were
hypercellular, consisting of plasma cells of mature, immature,
pleomorphic, and blastemicmorphology (►Fig. 3). The tentative
diagnosis of plasmacytoma of the frontal bone was conveyed.

A bony tissue measuring 6�5�2 cm, having concave
surface covered by the dura on one surface, was received
in the histopathology department (►Fig. 4). A grayish brown

Fig. 1 (A) Right-sided forehead swelling. (B) Intraoperative right frontal bone swelling.

Fig. 2 (A) Fluid-attenuated inversion recovery (FLAIR) image (plain magnetic resonance imaging [MRI] of the brain) and (B) Sagittal T2 MRI. A
well-defined intraosseous mass in the right frontal bone with adherence to the underlying dura and abutting the right frontal lobe.
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Fig. 3 Squash cytology. (A) Tumor mass composed of pleomorphic immature plasma cells (large nuclei with open chromatin and at places
prominent nucleoli; Giemsa, 400x). (B) Tissue fragment (papillary; Giemsa, 400x). (C) Gigantic immature plasma cell (Giemsa, 400x). (D)
Multinucleated plasma cell (Giemsa, 400x).

Fig. 4 Gross specimen. (A) Outer convex surface. (B) Inner concave surface showing removed adherent part of the dura and grayish brown
tumor on bone table.

Asian Journal of Neurosurgery Vol. 18 No. 3/2023 © 2023. Asian Congress of Neurological Surgeons. All rights reserved.

Squash Cytology of Frontal Bone Plasmacytoma Nagose et al. 663



tumor measuring 5.5�2�4.5 cm was present in the bone
table. On the cut section, a friable, soft tumor with areas of
hemorrhage attached to both the dura and the bone was
noted.

Microscopically a neoplasm composed of mature, imma-
ture, plasmablastic, or anaplastic plasma cells arranged in
sheets, eroding adjacent bone, and infiltrating dura at places
was seen (►Fig. 5A). The mitotic count was 5 to 6/10 high
power field. Thus, histopathologically plasmacytoma of the
bonewas confirmed. As therewas absence of clinical features
of PCM and physical evidence of additional plasma cell
tumors, radiographical studies—skeletal survey including
MRI and computed tomography (CT)—were advised soon
after the operative procedure (day 1). No other bone lesions
were found.

The preoperative workup had showed hemogram with
low hemoglobin (10 g/dL, >2 g/dL below the normal lower
limit). Peripheral blood smear showed normocytic anemia.
Postoperatively bone marrow aspiration (BMA) and bone
marrow biopsy (BMB) were done. The bone marrow plas-
ma cell percentage was 12%. The immunohistochemistry of
the BMB as well as the frontal plasmacytoma proved the
monoclonality of the proliferating plasma cells. They were
immunopositive for CD138 with expression of only lambda
light chains and immunonegative for kappa light chain
(►Fig. 5). Bone marrow iron stores were normal. M band
was not detected on serum electrophoresis (no evidence of

monoclonal gammopathy) and serum-free light chain was
not increased by immunofixation and electrophoresis.
Urinary Bence Jones proteins were positive and 24-hour
urinary proteins were 772.5mg/d. Kidney function test
including serum creatinine and serum calcium levels were
normal. Final diagnosis of nonsecretory PCM, that is,
nonsecretory multiple myeloma was made.

The patient was advised postoperative irradiation and
systemic chemotherapy (12 cycles of bortezomib, cyclophos-
phamide, and dexamethasone [VCD] regimen weekly). He
completed his chemotherapy without any recurrence of the
frontal swelling or any new complaint to date.

Discussion

Plasma cell neoplasms consist of plasmacytoma (localized
tumors consisting of monoclonal plasma cells), PCM (multi-
ple myeloma), monoclonal immunoglobulin deposition
diseases, and plasma cell neoplasms with associated para-
neoplastic syndrome. The NSM is a rare variant of PCM (<2%
of PCM). In PCM, mass disease or organomegaly may be
present on examination in 10% of patients due to extrame-
dullary plasmacytomas or amyloidosis. However, initial di-
agnosis with cytology is quite uncommon, with only few
such cases being reported.2–4 All of them are done by fine-
needle aspiration (FNA) cytology. As there is cortical bone
destruction in bony lesions of PCM, they are amenable by

Fig. 5 Forehead mass biopsy (upper A–D) versus bone marrow biopsy (lower E–H). Both show (A,E) diffuse plasma cells infiltrate the
monoclonality that was proven by the expression of (B,F) CD138, (C,G) the lambda light chain, and (D,H) negative for the kappa light chain.
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FNA with a rich cell yield. However, the present case was
diagnosed on squash cytology as FNAwas not possible here.

Solitary plasmacytomas including solitary bone plasma-
cytoma and solitary extramedullary plasmacytoma are di-
agnosed only after excluding systemic disease by skeletal
survey, the plasma cell infiltration lower than 10% of the
bonemarrow by BMA and BMB, and lack of myeloma-related
organ dysfunction.

Any kind of systemic involvement in a case of plasma-
cytoma confirms PCM.1 However, the presence of more than
10% clonal bone marrow plasma cells with biopsy-proven
bony or extramedullary plasmacytoma is diagnostic of PCM
and here the absence of the myeloma defining events
(MDEs) makes no difference. In the present case, there
was clonal proliferation of plasma cells both in the bone
marrow (12%) and in the frontal plasmacytoma. Systemic
involvement was evident from hemoglobin >2 g/dL below
the normal lower limit, and positive urinary Bence Jones
proteins and elevated 24-hour urinary proteins (772.5
mg/d) were also present. However, the urinary Bence Jones
proteins and elevated 24-hour urinary proteins are not
included in the criteria for diagnosis of PCM, although
they support the diagnosis. Anemia in these cases results
from bone marrow replacement and renal damage. The
absence of M band and raised serum-free light chains
have to be confirmed by a serum protein electrophoresis
(SPEP), serum immunofixation, and serum-free light chain
(FLC) assay. The true nonsecretory disease patients have no
evidence of an M protein on any of the above studies,
similar to the present case, which constituted less than
2% of PCM patients. Clinically, the NSM cases have a lower
incidence of renal insufficiency and hypercalcemia as com-
pared to other PCMs.

Plasmacytomas are usually present in the vertebrae
and ribs. The solitary frontal bone involvement without
other bony lesions or bone pain is quite unusual.5 This
patient presented with forehead swelling for more than
1 year, but local pain was presented only from the past
3 months.

Clinically, the differential diagnosis of nontraumatic scalp
masses associated with bone lesions includes hematological
malignancies: Langerhans cell histiocytosis and lymphoma,
and others like intraosseous hemangioma, atypical and
malignant meningioma, and metastases.6 Plasmacytoma,
rare in this site, may arise as a primary from the skull
bone or intracranial extramedullary lesion arising from the
dura and brain.5 The neurological abnormalities at presen-
tation may be headache, nausea, vomiting, visual disturban-
ces, etc., resulting from raised intracranial tension.

Radiologically, the intracranial ones manifest as dura-
based hyperintense lesions on both CT and T2-weighted
MRI scans. Uniform enhancement is seen on contrast CT
and variable enhancement is seen on MRI after gadolinium.
Dural involvement with expansion of the bone table in this
case gave rise to the radiological diagnosis of meningioma.

The squash cytology, however, showed the mass was
composed of plasma cells. Features of immaturity such as
open or more dispersed nuclear chromatin, a higher nuclear-

to-cytoplasmic ratio, and frequent prominent nucleoli were
present. Multinucleated and pleomorphic plasma cells were
also seen (►Fig. 3C, D). Nuclear immaturity and pleomor-
phism correctly indicatedneoplastic proliferation of these cells
and not reactive. These features are the same as seen in
cytology by FNA. Both squash cytology and frozen sections
(FSs)areabletodistinguishplasmacell tumorseasily.However,
on FSs, distinguishing plasmacytomas from metastatic carci-
nomamay not be readily possible sometimes. Occasionally, on
FS, the morphology of the plasma cells may not be plasmacy-
toid, and freezing artefacts/icy crystals may complicate it
further.7 Squash cytology is helpful here as the plasmacytoma
shows the absence of sheets and aggregates of neoplastic cells
unlike metastatic carcinoma. Also, when such cohesive plates
and three-dimensional groups of metastatic cells are found in
smears, these cluster edges are sharp and well defined.8 There
might be difficulty in squash smear preparation due to the
rubbery consistency of plasmacytomas in the form of crush
artefacts, which will be absent in ideal smear preparations
revealing the plasmacytoid nature of these lesions.

Intraoperative investigations such as squash cytology
and FS on cryostat have the advantage of rapid diagnosis
with diagnostic accuracy of squash cytology being 74 to
95% and FS being 75 to 99%.9,10 The role of inexpensive
and simpler intraoperative cytology—squash cytology9—
in rapid diagnosis and guiding the management, espe-
cially in resource-limited settings (in the absence of
cryostat for FS) was yet again proved here as it paved
the way for hastening the battery of tests required for
accurate diagnosis of NSM in this case. This can lead to a
reduction in the length of hospital stay. On post-op day 1
itself full-body scan was advised, as were kidney func-
tion tests, serum calcium, 24-hour urine proteins, Bence
Jones urine test, and serum electrophoresis for M band,
which were done quickly. On post-op day 5, BMA and
BMB were done. BMA and BMB showed plasma cells
scattered interstitially, with normal hematopoiesis being
evident (►Fig. 5D). The cytological features of immaturi-
ty and pleomorphism in plasma cells were observed
again. In absence of the M band, IHC was advised on
plasmacytoma and BMB to confirm the clonality of the
plasma cells. Both tissues showed positive staining for
CD138 and lambda in absence of kappa light chain
(►Fig. 5), thus proving clonality and ruling out other
neoplasms including lymphomas with marked plasma
cell differentiation.11,12

The treatment of NSM is the same as the standard
treatment for PCM, although there is difficulty inmonitoring
the response. The prognosis of NSM is similar to other PCMs.
Survival is better for patients with normal free light chain
ratio than those with an abnormal ratio.

Conclusion

To conclude, present case proves the importance of intra-
operative cytology yet again in the accurate diagnosis of
neoplastic process of plasma cells, so as to commence the
battery of diagnostic tests required in no time.
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