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Abstract 

We describe a case of a young patient with a recurrent pleomorphic xanthoastrocytoma (PXA) showing unusual 
cell-in-cell (CiC) phenomena. We observed mostly viable but also necrotic neutrophils engulfed within tumor 
cells. The recurrent tumor was immunopositive for BRAFV600E mutant protein and showed CDKN2 homozygous 
deletions typical of PXA. Both genetic alterations were also reported in the original primary tumor. Unlike the 
original tumor that was GFAP and Olig-2 immunopositive, the recurrent neoplasm was largely negative for GFAP 
and Olig-2 suggesting dedifferentiation. The large malignant cells that contained the neutrophils were negative 
for histiocytic and lymphohematopoietic markers. Whereas CDKN2 homozygous deletion is common in PXA, its 
presence is rare in histiocytic neoplasms. Both reactive astrocytes and glial neoplasms very rarely may engulf 
neutrophils in a process resembling emperipolesis or cellular cannibalism. Future work may clarify which type of 
CiC pathway is involved. 
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Introduction 

Pleomorphic xanthoastrocytomas (PXAs) are 
astrocytic tumors presenting in children or young 
adults, and generally have a good prognosis, alt-
hough CNS WHO grade 3 PXAs with elevated mitotic 

activity and necrosis have a 5 year survival rate of 
65 % 1. Histologically, they are characterized by 
pleomorphic cells including spindle cells, mononu-
cleated and multinucleated giant cells, eosinophilic 
granules, reticulin deposition, and large amounts of 
cytoplasmic lipids 2, and are typically positive for 
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Figure 1. General Characteristics of Cell-in-cell processes 

In endocytic processes host cells internalize a target cell. Invasive processes are driven by activity of the internalized cells. “Cell types” 
refers to the host cells. Homotypic refers to the engulfing cell and the internalized cell being of the same cell type. Heterotypic means 
that the engulfing and internalized cell types are different. Emperipolesis historically involves survival of the internalized cell, but some 
authors extend its usage to cases wherein there may be death of the internalized cells. Cell-in-cell processes have been previously 
reviewed 13,17. Previous literature is available on cannibalism 18–20, phagoptosis 21, phagocytosis 12 and emperipolesis 22. 

GFAP and S100 3. Common molecular alterations 
include homozygous CDKN2A/B deletion in 60–90 % 
and BRAF V600E mutation in 60–80 % of cases 4,5. 
Standard treatment includes maximal resection for 
all grades with postoperative radiation for grade 3 
PXAs, and BRAF V600E mutant tumors can be 
treated with a combination of dabrafenib and 
trametinib to inhibit BRAF and MAPK pathways 6. 
Cell-in-cell phenomena (CiC), or the internalization 
of one cell within another (Figure 1), has only been 
reported in one previous case of malignant glioma 7. 
Here, we present a case of an aggressive, recurrent 
CNS WHO grade 3 PXA with CDKN2 deletion and 
BRAFV600E mutation with a rare histologic finding 
of CiC in tumor cells with engulfed neutrophils, 
many of which appeared viable. 

Clinical History 

A 10-year-old male presented to outside hospital 
with a right parietal tumor involving the petrous and 
mastoid bones with extension into the middle and 

posterior fossa. The patient had a near total 
resection followed by radiotherapy and temozolo-
mide. The patient underwent a second resection five 
months later and was started on daily dabrafenib 
and trametinib. Available records state that pathol-
ogy on first resection was right parietal anaplastic  
pleomorphic xanthoastrocytoma WHO grade III, 
BRAF mutant. Ten months later, the patient pre-
sented with bleeding and swelling of the right ear, 
then developed right face weakness, difficulty swal-
lowing, dyspnea, and aphonia. Fifteen months after 
the initial diagnosis, he presented with culture neg-
ative febrile leukocytosis (white blood count (WBC) 
39 preoperatively). He was started on Vancomycin 
and Ceftriaxone empirically. CT and MRI revealed 
increased size of PXA, extending into temporal bone, 
right cerebellum, right temporal lobe, and the 
cerebellopontine angle, involving cranial nerves VII 
and VIII (Figure 2A). Angiogram revealed that 
the sigmoid sinus and the internal carotid artery 
were occluded, although collateral circulation was 
intact. 
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Figure 2. (A) MRI of a heterogeneously enhancing mass with perilesional edema and progression over time including T1 post-contrast and 
T2 flair. (i) 12 months post-diagnosis. (ii) 14 months post-diagnosis. (iii) 15 months post-diagnosis, pre-operatively. (iv) 15 months post-
diagnosis, post-operatively. (B) Histology. (i) Epithelioid tumor cells sometimes have a “ball of neutrophils” appearance- 200X. (ii) Bland 
necrosis- 200X. (iii) Necrosis with abundant neutrophils - 200X. (iv) Mostly viable neutrophils within intracytoplasmic vacuolar spaces of 
cell (arrow) - 600X. (v) Varying degrees of engulfed neutrophil degeneration - 600X. (vi) Degenerate basophilic nucleus in tumor cell 
(arrow) - 400X. (vii) BRAFV600E immunopositive tumor cells - 200X. (viii) S100 immunonegative tumor cells; S100 immunopositive small 
histiocytes - 200X. (ix) CD68 immunonegative tumor cells; CD68 immunopositive small histiocytes - 200X. (x) Ki-67 immunopositivity in 
many tumor nuclei - 200X. (xi) Myeloperoxidase immunostaining highlights the predominantly intracytoplasmic localization of neutro-
phils - 400X. (C) Timeline of the patient’s clinical course. Histology in (B) is from the patient’s resection at 15 months post-diagnosis. 
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The patient was taken to the operating room 
for mass resection. The patient’s prior craniotomy 
was extended in a translabyrinthine approach, and 
epidural and intradural tumor was debulked. A 
mastoidectomy and petrosectomy were performed, 
and the facial nerve was transected. The semicircu-
lar canals, cochlea, and vestibular aqueduct were 
opened and obliterated. Tumor within the sigmoid 
sinus was removed en bloc. A frozen specimen 
collected during the case was consistent with 
patient’s known pleomorphic xanthoastrocytoma. 
Tissue was sent for cultures (aerobic, anaerobic, 
fungal) but these ultimately did not grow out any 
organisms. Following the procedure, the patient was 
taken to the postoperative recovery unit in stable 
condition. Post-operatively the patient failed a swal-
low test and required percutaneous endoscopic 
gastrostomy placement. Repeat blood cultures were 
negative, and WBC diminished to 30. The patient 
was transferred nine days after admission to a 
children’s hospital. At discharge, he had unilateral 
facial swelling, decreased facial sensation, face 
asymmetry, and absent hearing. An MRI subse-
quently demonstrated residual tumor regrowth and 
he underwent further resection the following 
month. His post-operative course was complicated 
by pseudo-meningocele for which a subdural drain 
was placed. The drain subsequently clogged and 
began to leak, and neuroimaging demonstrated 
further tumor progression. The patient deteriorated 
clinically, became unresponsive on exam and 
required supplemental oxygen. The patient’s family 
elected for comfort-focused care and the patient 
passed away 16 months after his initial diagnosis. 

Pathology 

The final diagnosis was recurrent pleomorphic 
xanthoastrocytoma (PXA) CNS WHO grade 3 with 
BRAFV600E mutation and homozygous CDKN2 dele-
tion. The recurrent tumor showed large, markedly 
pleomorphic epithelioid cells with frequent mitotic 
activity, necrosis and intracellular neutrophils  
(Figure 2B). Associated tumor necrosis was bland 
(Figure 2Bii) or contained abundant neutrophils  
(Figure 2Biii). Intracellular, often viable though 
sometimes degenerating or necrotic, neutrophils in 
vacuolar spaces were present within the tumor 
cytoplasm (Figure 2Biv–vi). The tumor cells were 
often intact with well-preserved nuclei but some 

cells showed degenerated nuclei (Figure 2Bvi). In 
many areas, extracellular neutrophils were sparse or 
inconspicuous despite the presence of abundant 
intracellular neutrophils (Figure 2Biv–v). Unlike the 
original tumor that expressed both GFAP and Olig2, 
the recurrent tumor was largely immunonegative 
for GFAP and Olig2. The large tumor cells were 
BRAFV600E immunopositive (Figure 2Bvii) and FISH 
analysis demonstrated a CDKN2A homozygous dele-
tion identical to what was reported in the original 
tumor. Testing for microorganisms including gram, 
GMS, PAS, and AFB stains as well as spirochete and 
TB/mycobacterium immunostains was negative. 
Histiocytic and lymphohematopoietic markers were 
negative or largely negative in the large tumor cells, 
including S100, CD163, CD68, CD1a, Langerin, Factor 
XIIIa, CD123, and CD35. There was also a population 
of small histiocytes that were immunopositive for 
S100, CD68 and CD163 but immunonegative for 
BRAFV600E, CD1a and Langerin compatible with a 
reactive non-neoplastic infiltrate. The contrasting 
BRAFV600E, S100 and CD68 immunoprofiles of the 
large tumor cells (BRAFV600E+, S100-, CD68-) and 
the small histiocytes (BRAFV600E-, S100+, CD68+) 
are seen in Figures 2Bviii–ix. The Ki-67 proliferation 
index of the tumor was high (Figure 2Bx). There was 
negative immunostaining of the large tumor cells for 
MAP2, SOX10, EMA, Keratin AE1/3, Melan A, SMA, 
CD21, CD15, CD45, CD23, CD33, Desmin, MPO, 
Lysozyme, HMB-45, CD20, CD3, CD43, and CD42b. 
INI-1 nuclear staining was retained. Neutrophils 
within tumor cells were immunopositive for MPO 
(Figure 2Bxi). 

Discussion 

We present a case of a PXA with several 
unusual features, including invasion through bone 
and soft tissue, loss of GFAP and Olig2 immunoreac-
tivity, severe acute inflammatory infiltrate, and 
unusual CiC with internalized neutrophils. Alternate 
or concurrent diagnoses of infection or histiocytosis 
were considered, but cultures and special stains for 
microorganisms and histiocytic and lymphohemato-
poietic markers were negative. Rosai Dorfman 
disease (RDD) can occur in the CNS and is character-
ized by abundant histiocytes with emperipolesis. 
However, host tumor cells were immunonegative 
for histiocyte marker S100, had loss of CDKN2A 
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inconsistent with RDD, and internalized neutrophils 
rather than lymphocytes, a rare finding for RDD 8. 
Ultimately the diagnosis of recurrent PXA with 
BRAFV600E mutation and CDKN2A deletion was 
favored due to the patient’s history of tumor with an 
identical molecular phenotype. 

The loss of GFAP and Olig2 staining, tissue 
necrosis with invasion of surrounding tissue, and 
history of multiple recurrences suggests that this 
patient’s PXA dedifferentiated. Within the central 
nervous system, CiC has been observed only in 
highly anaplastic tumors: large cell medulloblas-
toma 9–11, and one prior case of malignant glioma. 
In this 1986 glioma case, pleomorphic, sparsely 
GFAP positive “monster cells” with cytoplasmic 
lipids, reticulin fibers, and multiple nuclei had inter-
nalized viable polymorphonuclear neutrophils as 
well as mononuclear and small tumor cells 7, similar 
to the present case. These observations pose the 
question for future study of which molecular mech-
anisms facilitate CiC in these aggressive gliomas. 
Healthy astrocytes conduct phagocytosis physiolog-
ically 12, but would typically result in destruction of 

the internalized material 13. Neutrophils participate 
in a unique type of emperipolesis in which they 
invasively enter megakaryocytes and then donate 
their membranes for the production of platelets; it 
is unknown whether rapidly dividing cancer cells 
could use neutrophils for membrane production in a 
similar manner 14,15. CDKN2A mutation is associated 
with homotypic CiC (entosis) 16, but it is unknown 
whether CDKN2A mutation may contribute to 
heterotypic CiC as well. As the field evolves, cases of 
CiC in new contexts may supplement rigorous mo-
lecular analyses to characterize the pathways in-
volved and better understand the biology of 
aggressive gliomas. 
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