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Intracranial epidermoid cysts are benign lesions that typically remain asymptomatic;
however, although histopathologically benign, these cysts can rarely undergo malignant
transformation into squamous cell carcinoma. Primary intracranial squamous cell
carcinoma carries a poor prognosis as optimal treatment modalities remain unclear due
to their low incidence. Here, we present a case of a cerebellopontine angle epidermoid
cyst remnant that underwent malignant transformation into squamous cell carcinoma 40
years after partial resection. To our knowledge, this case establishes the longest time
interval to date for an intracranial epidermoid cyst to undergo malignant transformation.
We also review the relevant literature and discuss recent retrospective clinical studies
that have analyzed the effect of multimodal treatment approaches on survival outcomes
in patients with these lesions.

Keywords: epidermoid cyst, squamous cell carcinoma, malignant transformation, malignant degeneration,
cerebellopontine angle, brain neoplasm, neuro-oncology

BACKGROUND

Intracranial epidermoid cysts (ECs), also known as cholesteatomas, are rare benign, slow-growing
lesions that account for 0.2-1.8% of intracranial tumors (1). Although classified as a benign entity
based on histopathology and potentially curable with neurosurgical gross total resection, ECs can
rarely undergo malignant transformation (MT) into squamous cell carcinoma (SCC). Since first
described in 1912, only 15 cases of malignant cyst transformation have been reported to occur
>5 years from time of initial surgery (2-16). Here, we describe a case of an EC remnant in the
cerebellopontine angle (CPA) that underwent MT into SCC 40 years after partial resection. To our
knowledge, this case establishes the longest time interval to date for an intracranial epidermoid
cyst to undergo malignant transformation. The patient described in this report provided written
informed consent for its publication.
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FIGURE 1 | Pre-operative magnetic resonance images revealed a cystic lesion that was T1 hypointense, T2 hyperintense, and peripherally enhancing within the left
cerebellopontine angle wrapping around the lateral brainstem. Adjacent to the cystic lesion was a T1 isointense, T2 hyperintense, avidly enhancing infiltrative
component involving the brainstem, cerebellar peduncle, and cerebellum. (A) Coronal T1-weighted contrast enhanced. (B) Axial T1-weighted contrast enhanced. (C)
Sagittal T1-weighted contrast enhanced. (D) Diffusion weighted-imaging. (E) Apparent diffusion coefficient. (F) Fluid-level attenuated inversion recovery.

CASE PRESENTATION

A 71-year-old man presented to the emergency department
with 2 months of progressively worsening diplopia, dizziness,
headache, and ataxia. He also admitted to a 25-pound weight loss
over the past few months. Past medical history was significant for
partial resection of a left CPA EC 40 years prior and resection of
urothelial carcinoma 2 years prior. Physical examination revealed
a left abducens palsy, left facial droop, diminished hearing on the
left as well as decreased sensation to light touch and pinprick
on the left side of his face in all distributions of the trigeminal
nerve. The cystic appearing component of the lesion was T1
hypointense, T2 hyperintense, and peripherally enhancing within
the left CPA wrapping around the lateral brainstem. Adjacent
to the cystic lesion was a T1 isointense, T2 hyperintense,
avidly enhancing infiltrative component involving the brainstem,
cerebellar peduncle, and cerebellum (Figure1). A metastatic
workup was negative. Initial differential diagnoses included:
recurrent EC, SCC, arachnoid cyst, dermoid cyst, and neurenteric
cyst. The patient was started on dexamethasone and scheduled

Abbreviations: EC, epidermoid cyst; MT, malignant transformation; SCC,
squamous cell carcinoma; CPA, cerebellopontine angle.

for elective debulking of his brainstem lesion 2 weeks after
initial hospitalization.

Using the prior incision, the mass was approached with
a standard retrosigmoid craniotomy. Stereotactic navigation
and intraoperative neuromonitoring were utilized. Release
of cerebrospinal fluid upon accessing the CPA afforded
substantial relaxation of the cerebellum revealing a scarred
capsule, which appeared similar to a pseudomeningocele.
The capsule was then sharply incised and, once opened,
stimulated with a monopolar probe to ensure cranial nerves
were not in the vicinity. The enhancing portion of the
lesion was extremely adherent to the brainstem. Furthermore,
it was fibrous in nature and did not yield obvious planes
for microsurgical dissection. The lesion was debulked from
the inside out, expressing caseous material. The basilar
artery, which was running through the capsule, was then
skeletonized out. Pathology demonstrated keratinizing SCC
with some sections consisting of almost entirely anucleated
keratin material (Figure 2). Immunoreactivity for cytokeratin
5/6 was strong. Post-operatively, the patient regained sensation
in the ophthalmic nerve dermatomal distribution; however, his
other pre-operative symptomatology persisted. Adjuvant therapy
included post-operative stereotactic radiosurgery with 25 Gy in
five fractions.

Frontiers in Oncology | www.frontiersin.org

July 2019 | Volume 9 | Article 694


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Cuoco et al.

Primary Intracranial Squamous Cell Carcinoma

cell carcinoma. (A) 10x magnification. (B) 20x magnification.

FIGURE 2 | Hemotoxylin and eosin stain demonstrating keratin material with small clusters of atypical squamoid cells and keratin pearls consistent with squamous

DISCUSSION

Intracranial SCC is typically seen as a manifestation of metastases
from a primary origin found outside the central nervous system
or due to direct invasion of primary head and neck malignancy.
However, although rare, MT of an intracranial EC into SCC is a
well-documented phenomenon (2-23). According to Garcia et al.
and Hamlat et al.,, true MT into SCC can only be classified as
primary intracranial if it satisfies six criteria (Table 1) (17, 18).
Moreover, as per the Hamlat et al. classification schema, MT of
intracranial ECs can be sub-classified into five distinct entities
including: (i) initial MT of an EC, (ii) MT from a remnant EC,
(iii) MT with leptomeningeal carcinomatosis, (iv) SCC arising
from other benign cysts, or (v) other malignancies arising from
benign cysts (18). Since Ernst et al. reported the first case in
1912 there have been 74 documented cases of MT of an EC that
have fulfilled the Garcia and Hamlat criteria (2-23). However,
most of these previously reported cases were discovered within
ECs at time of initial surgery or autopsy. Nevertheless, optimal
treatment modalities as well as survival outcomes for these
lesions remain unclear in the literature due their rarity.

Our literature review found that it is extremely rare for MT
of an EC to occur >5 years from initial surgery. Indeed, only
15 cases (excluding the present case) have been reported to
date (Table2) (2-16). Of the reported cases, age at diagnosis
of malignant cyst transformation ranged between 37 and 74
years with an average age of 54 years. Of these 15 cases, 10
patients (66.7%) were females. All 15 patients underwent surgical
resection. Seven patients were subsequently treated with adjuvant
radiotherapy or stereotactic radiosurgery. The interval from first
surgical intervention to MT ranged from 5 to 33 years with a
mean of 15.4 years. The most common location of the lesion was
the CPA. Here, we presented a case of a 71 year-old male who
was originally diagnosed with a CPA benign EC at the age of
31. Remarkably, after 40 years of clinical silence, his EC remnant
underwent MT into SCC.

Although surgical resection is the current standard of care for
the treatment of intracranial ECs, there is currently no accepted
treatment modality for cysts that malignantly transform. Several
retrospective clinical studies have attempted to define optimal

TABLE 1 | Criteria for diagnosis of malignant transformation of intracranial
epidermoid cysts.

Garcia’s criteria

1. Restriction to intracranial, intradural compartment

2. No invasion or extension beyond the dura, cranial bones, or intracranial orifices
3. No communication with middle ear, air sinuses, or sella turcica

4. No evidence of nasopharyngeal tumor

Hamlat’s additional criteria

5. Presence of a benign squamous cell epithelium within the malignant tumor

6. Exclusion of metastatic carcinoma

treatment modalities. Hamlat et al. determined the mean
survival in patients who underwent surgical resection (n =
9) vs. surgical resection plus post-operative radiotherapy =+
chemotherapy (n = 24) to be 10 and 28 months, respectively
(log-rank test, P = 0.077) (18). Although statistically non-
significant, the authors advocated for adjuvant radiotherapy as
most patients in their cohort who underwent this adjuvant
treatment survived for >1 year. Similarly, Nagasawa et al.
reviewed overall survival data in 36 patients who underwent
surgical resection vs. surgical resection plus post-operative
radiotherapy (20). They found that compared to a mean survival
of 6.6 months in patients treated with surgery alone (n = 18),
patients treated with surgery plus adjuvant radiotherapy (n =
18) demonstrated an increase in mean survival to 12.7 months
(log-rank test, P < 0.003) (20). Importantly, no significant
correlation was noted between dose of radiation and survival
outcome. Tamura et al. performed a meta-analysis for survival
outcomes in 24 cases investigating the clinical benefit of post-
operative stereotactic radiosurgery (10). The authors found
the median survival times for the surgery alone group (n =
9), surgery with radiotherapy group (n = 11), and surgery
with stereotactic radiosurgery group (n = 4) to be 1, 18,
and 44 months, respectively (log-rank test, P < 0.004) (10).
Although limited by sample size and publication bias, these
prior two studies retrospectively found a statistically significant
short-term survival benefit with use of surgery with adjuvant
radiotherapy or adjuvant stereotactic radiosurgery compared to
surgery alone.
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TABLE 2 | Summary of reported cases of malignant transformation of intracranial epidermoid cysts occurring >5 years from original diagnosis.

Year Author Age/Sex Location Treatment Interval from EC Clinical outcome References
1965 Fox and South 43M Temporal Sx 7 years Died 1 month 2)
1987 Goldman and Gandy 59F Lateral Ventricle Sx + Rx 33 years Alive 3 years Q)
1989 Abramson et al. 37M CPA Sx 5 years N/A (4)
1991 Tognetti et al. 67F Frontotemporal Sx 31 years Died 1 month 5)
1994 Radhakrishnan et al. 53M Frontal Sx + Rx 31 years Alive 1 month (©6)
1999 Murase et al. 50F CPA Sx + SRS + Ch 10 years Alive 5 years (7)
2001 Asahi et al. 55F CPA Sx 13 years Died 3 months 8)
2004 Guan et al. 42F Temporal Sx + Rx 17 years Alive 1 year 9)
2006 Tamura et al. 56F CPA Sx + SRS 8 years Alive 13 months (10)
2009 Geetal 50M Temporal Sx 6 years N/A (11)
2010 Hao et al. 61F CPA Sx 6 years Died 1 month (12)
2010 Kano et al. 64F CPA Sx + Rx 16 years Died 25 months (13)
2010 Nakao et al. 74F CPA Sx + Rx 20 years Alive 17 months (14)
2017 Ozutemiz et al. 64M Lateral Ventricle Sx 23 years Rec 3 months (15)
2017 Mascarenhas et al. 35F CPA Sx 5 years N/A (16)
2019 Cuoco et al. 71M CPA Sx + SRS 40 years Alive 4 months

EC, epidermoid cyst; M, male; F, female; Sx, surgery; Rx, radiation; CPA, cerebellopontine angle; SRS, stereotactic radiosurgery; Ch, chemotherapy; Rec, recurrent; N/A, not available.

Further clinical studies have investigated the potential benefit
of a multimodal treatment approach compared to surgery alone
or surgery plus post-operative radiotherapy. In a subsequent
report by Nagasawa et al., the authors reviewed 58 cases and
found a mean survival time of 5.3 months with palliative
management (n = 11), 25.7 months with chemotherapy either
alone or in combination with surgery or other adjuvant therapies
(n = 6), 29.2 months with either stereotactic radiosurgery alone
or in combination with surgery or other adjuvant therapies (n
= 5), and 36.3 months with surgery plus two or more adjuvant
therapies (n = 4) (21). Survival outcomes for the stereotactic
radiosurgery group = surgery or other adjuvant therapies,
chemotherapy group =+ surgery or other adjuvant therapies, and
surgery plus two or more adjuvant modalities group were found
to be statistically significant compared to the surgery alone group
(21). Liu et al. reviewed 72 cases and found that the mean
survival of surgery alone (n = 25) vs. surgery with post-operative
radiotherapy (n = 25) to be 6.9 and 11.9 months, respectively
(22). Furthermore, the authors found a mean survival of surgery
and stereotactic radiosurgery (n = 3), chemotherapy alone or
in combination with other treatments (n = 3), and surgery
and two or more adjuvant treatments (n = 4) to be 23.3,
13.7, and 36.5 months, respectively (22). However, the authors
emphasize that the only statistically significant difference in mean
survival outcomes was between the surgery with post-operative
radiotherapy group and surgery with stereotactic radiosurgery
group (P < 0.05) (22). Kwon et al. determined the median
survival for patients treated with surgery alone (n = 24) vs.
surgery with radiotherapy or stereotactic radiosurgery (n = 30)
to be 5 and 35 months, respectively (P = 0.037) (23). Patients
who underwent gross total resection (n = 7) vs. subtotal resection
(n = 35) demonstrated a difference in median survival of 48
and 25 months, respectively (P = 0.067) (23). Moreover, in the
same study, the median survival for patients who underwent

surgery plus radiotherapy or stereotactic radiosurgery with
chemotherapy (n = 5) vs. without chemotherapy (n = 25) was
found to be 35 and 12 months, respectively (P = 0.676) (23).
Although unable to provide a definitive standard of treatment,
these retrospective clinical studies described in prior emphasize
that a multimodal treatment approach may yield the best survival
outcomes for patients with intracranial SCC.

Here, we present a rare case of primary SCC in the CPA
treated with surgical resection followed by post-operative
stereotactic radiosurgery. Of the 15 reported cases of malignant
cyst transformation occurring >5 years from time of initial
surgery, only two cases incorporated post-operative stereotactic
radiosurgery in their treatment regimen (7, 10). We decided
to pursue surgical resection followed by post-operative
radiotherapy as the current literature (described in prior) reports
significantly improved survival outcomes with this regimen
compared to surgery alone (10, 20, 21, 23). Moreover, we
specifically advocated for stereotactic radiosurgery, rather than
traditional external beam radiotherapy, based upon favorable
survival outcomes in the described literature with stereotactic
radiosurgery (10, 21, 22). Although several retrospective
studies have demonstrated clinical benefit with post-operative
radiotherapy as well as a multimodal treatment approach,
prospective trials are obligatory to define a standard of care for
primary intracranial SCC.

CONCLUSIONS

Malignant transformation of an intracranial EC is a rare
occurrence with strict criteria defining its diagnosis. Here, we
described a case of an EC remnant in the CPA which underwent
MT into SCC 40 years after partial resection. To our knowledge,
this case establishes the longest time interval to date for an
intracranial EC to undergo MT.
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