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Abstract
Background: Malignant transformation of craniopharyngiomas is quite rare, and 
the etiology of transformation remains unclear. The prognosis of malignantly 
transformed craniopharyngiomas is very poor.
Case Description: A 36‑year‑old male had five craniotomies, five transsphenoidal 
surgeries, and two radiation treatments until 31 years of age after diagnosis of 
craniopharyngioma at 12 years of age. All serial pathological findings indicated 
adamantinomatous craniopharyngioma including those of a surgery performed for 
tumor regrowth at 31 years of age. However, when the tumor recurred approximately 
5 years later, the pathological findings showed squamous metaplasia. The patient 
received CyberKnife surgery, but the tumor rapidly regrew within 4 months. The 
tumor was resected with the cavernous sinus via a dual approach: Transcranial and 
transsphenoidal surgery with an extracranial‑intracranial bypass using the radial 
artery. Pathologic examination of a surgical specimen showed that it consisted 
primarily of squamous cells; the lamina propria was collapsed, and the tumor cells 
had enlarged nuclei and clarification of the nucleolus. The tumor was ultimately 
diagnosed as malignant transformation of craniopharyngioma. After surgery, he 
received combination chemotherapy (docetaxel, cisplatin, and fluorouracil). The 
tumor has been well controlled for more than 12 months.
Conclusion: Serial pathological changes of the craniopharyngioma and a review 
of the 20 cases reported in the literature suggest that radiation of the squamous 
epithelial cell component of the craniopharyngioma led to malignant transformation 
via squamous metaplasia. We recommend aggressive surgical removal of 
craniopharyngiomas and avoidance of radiotherapy if possible.
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INTRODUCTION

Craniopharyngioma was first described in 1904 by 
Erdheim et al.[10] The term “craniopharyngioma”—
introduced in 1932 by Cushing et al.[9]—refers to a benign 
epithelial tumor arising from the remnants of epithelial 
tissue in improperly formed pituitary glands or the 
craniopharyngeal duct remnants.[14,18] Craniopharyngioma 
accounts for 5–10% and 1.2–4.6% of adolescent and adult 
brain tumors, respectively.[5]

Malignant transformation of craniopharyngiomas is 
quite rare, with little information being available. It has 
been suggested that radiation and multiple surgeries are 
the inducing factors but the etiology of transformation 
remains unclear. We report a case of craniopharyngioma 
with malignant transformation and analyze the 
pathological transition.

CASE REPORT

The clinical course and corresponding figures are shown 
in Figure 1. A 36‑year‑old male had five craniotomies 
and five transsphenoidal surgeries between the ages 
of 12, when adamantinomatous craniopharyngioma 
was first diagnosed . He also received local irradiation 
at 15 years of age. When he was 31 years old, tumor 
regrowth occurred in the left cavernous sinus [Figure 2a]. 
We removed this lesion [Figure 2b], which appeared 
to be an adamantinomatous craniopharyngioma, 
and performed gamma‑knife surgery (GKS) because 
of frequent cyst formations. When the patient was 
36 years and 3 months of age, the tumor recurred in 
the cavernous sinus and surrounded the left optic 
nerve [Figure 2c]. Transsphenoidal biopsy was performed; 
the pathological findings showed squamous metaplasia, 
and CyberKnife surgery was performed on the residual 
lesion [Figure 2d]. However, the residual tumor regrew 
rapidly in the irradiated area during the next 4 months 
[Figure 2e and f], suggesting malignant transformation 
of the tumor. The patient was then readmitted to our 
department. Neurological findings at admission were 

blindness in his left eye and multiple complete nerve 
palsies of the oculomotor, trochlear, and abducens nerves 
on his left side. Because tumor invasion had spread 
into the cavernous sinus involving the carotid artery, we 
used a dual approach to resect the tumor, carotid artery, 
and cavernous sinus: Transcranial and transsphenoidal 
surgeries with an extracranial‑intracranial (EC‑IC) 
bypass using the radial artery. The postoperative 
course was uneventful, and the tumor was completely 
removed [Figure 3a‑d].

Serial pathological changes are shown in Figures 4 and 5. 
In the specimen taken at 31 years of age, the tumor was 
covered with prickle cells, and a single layer of nonatypical 
basal cells and cholesterin crystals were present in the 
interstitial tissue Internal layer of stellate cells in loose 
connective matrix was found [Figure 4a and b]. Similar 
findings had been reported in all serial pathologic 
examinations before 31 years of age, and the tumor was 
diagnosed as an adamantinomatous craniopharyngioma. 
The specimen taken at 36 years and 3 months of age 
showed densely packed squamous cells and stratification 
of basal cells with an atypical appearance characteristic of 
squamous metaplasia. The features of adamantinomatous 
craniopharyngioma were no longer apparent [Figure 4c, d].

A specimen from the transcranial and transsphenoidal 
dual surgeries consisted chiefly of squamous 
cells [Figure 5]. The lamina propria was collapsed, and 
infiltration of atypical cells was observed in interstitial 
tissue. Tumor cells had enlarged nuclei and clarification 
of the nucleolus. Parakeratosis and intercellular bridges 
were also present in the tissue, which resembled 

Figure 1: Diagram showing the clinical course of the tumor including 
surgical procedures and pathological findings

Figure 2: Successive gadolinium-enhanced magnetic resonance 
images (MRIs) showing the clinical course of the craniopharyngioma 
during a 6-year period. (a) Tumor regrowth in the left cavernous 
sinus at 31 years of age. (b) MRI after removal of the lesion and 
gamma knife surgery. (c) Tumor regrowth at 36 years and 3 months 
of age. The tumor grew around the left optic nerve. (d) MRI after 
transsphenoidal biopsy. (e, f) MRIs at 31 years and 8 months of 
age. Tumor size increased drastically, and the tumor invaded the 
cavernous sinus and the internal carotid artery
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squamous cell carcinoma (SCC). As shown in 
immunohistochemistry, the abundance of p40 (a specific 
marker of squamous cells) and p53 (the indicator of 
malignancy) progressively increased between the ages of 
31 and 36 years and 9 months [Figure 6]. On the basis 
of these findings, the case was ultimately diagnosed as 
malignant transformation of craniopharyngioma.

After the transcranial and transsphenoidal dual surgeries, 
the patient received chemotherapy[25] consisting 
of docetaxel (75 mg per body surface squared), 
cisplatin (100 mg per body surface squared), and 
fluorouracil (1000 mg per body surface squared) (TPF 
chemotherapy). The tumor has been well controlled for 
more than 12 months after surgery.

DISCUSSION

A craniopharyngioma is typically a pathologically 
benign tumor with no malignant features; malignant 
craniopharyngioma is quite rare. According to the World 
Health Organization (WHO) classification of tumors 
of the central nervous system published in 2007,[19] 
“malignant transformation of craniopharyngioma to 
squamous carcinoma after irradiation is exceptual.” 
To our knowledge, only 20 craniopharyngioma cases 
with malignant features (or transformation) have been 
reported [Table 1].[1,2,4,15–17,22,24,26,27,30,32,33,35] Excluding four 
de novo cases, the male to female ratio is 11:9, the mean 
age of onset is 21.3 years (range, 6–66 years), and the 
mean duration from the first operation to malignant 
transformation is 9 years (range, 3–24 years). Fifteen of 
the 20 cases (75%) had a history of radiation therapy, 

Figure 3: Computed tomography scans with contrast enhancement 
before (a and b) and after (c and d) the operation of transcranial 
and transsphenoidal dual surgeries with an extracranial-intracranial 
bypass. The tumor was totally removed

a b

c d
Figure 4: Pathological findings. (a and b) Histopathology at 31 
years of age. The tumor is covered with prickle cells, and a single 
layer of nonatypical basal cells and cholesterin crystals is present 
in the interstitial tissue. The diagnosis was adamantinomatous 
craniopharyngioma. (c and d) Histopathology at 36 years and 3 
months of age. Densely packed squamous cells and stratification 
of basal cells with an atypical appearance are seen. The features 
of adamantinomatous type craniopharyngioma are no longer 
apparent. (c–d) Hematoxylin and eosin staining at the original 
magnification 
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Figure 5: Pathological findings of a specimen from the transcranial 
and transsphenoidal dual surgeries at 36 years and 9 months of 
age. (a) The number of squamous cells has increased. (b) The 
lamina propria has collapsed, and infiltration of atypical cells is 
seen. (c) Tumor cells have enlarged nuclei and clarification of the 
nucleolus. (d) Parakeratosis and intercellular bridges are present 
in the tissue. Hematoxylin and eosin staining at the original 
magnification
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Figure 6: Immunohistochemistry of p40 (a–c) and p53 (d–f). The 
specimens were obtained at 31 years of age (A, D), 36 years and 
3 months of age (b and e), and 36 years and 9 months of age (after 
the transcranial and transsphenoidal dual surgeries)
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which suggests that radiation may be a strong inducer 
of malignant transformation. In our case, the patient 
had received two previous radiation treatments, and 
malignant changes occurred 4 months after CyberKnife 
surgery. However, de novo malignant craniopharyngiomas 
can occur in the absence of prior radiation,[4,17,26,35] then 
the etiology of the transformation remains obscure.

There are no clear definitions of malignant 
craniopharyngiomas in previous reports. As summarized 
by Gao et al.,[13] the characteristics of malignant 
craniopharyngioma include a high proliferative index 
and high mitotic activity and histologic features such 
as destruction of the basement membrane, infiltrative 
growth, and coagulative necrosis. Because the present 
case included malignant histological findings such as 
large nuclei, clarification of the nucleolus, parakeratosis, 
and intercellular bridges, it was diagnosed as malignant 
craniopharyngioma. For management of suprasellar 
tumors with malignancy, some infrequent patterns 
of tumor should be considered. Chang et al.[7] 
reported a case of a recurrent olfactory neuroblastoma 
invading the brain base, in which focal components of 
craniopharyngioma were found. They suggest that this 
is an example of a neoplasm with a single origin that 
developed histological heterogeneity during progression 

rather than two distinct neoplasms developing 
concurrently. Naresh et al.[21] reported similar tumor 
and considered it as a sinonasal teratocarcinosarcoma. 
Nishioka et al.[23] described an odontogenic‑like neoplasia 
as a malignant odontogenic tumor without morphological 
evidence of craniopharyngioma. Adamantinomatous 
craniopharyngioma histologically resembles some 
odontogenic tumors but consistently shows odontogenic 
epithelial differentiation in immunohistochemistry.[23,29] 
Our case showed the same pathological findings of benign 
adamantinomatous craniopharyngioma during 20 years 
without other pathological finding. Therefore, the tumor 
in our case is not considered to be a teratocarcinosarcoma 
or an odontogenic tumor.

Pathologically, two principal types of craniopharyngioma 
are recognized, adamantinomatous and squamous 
papillary.[11] Most of the reported cases with 
malignant changes in which the initial diagnosis 
was adamantinomatous craniopharyngioma, showed 
malignant squamous epithelial cell components, such as 
squamous carcinoma cells [Table 1]. Likewise, in our case, 
the features of adamantinomatous craniopharyngioma 
disappeared and squamous cell components materialized 
during malignant transformation. Our case showed 
squamous metaplasia with cells expressing p40, a specific 

Table 1: Summary of the reported 20 cases of malignant transformation of craniopharyngioma

Author, year Sex Age 
(presentation)

Time to 
MT (year)

Radiation 
(+/−)

Therapy after MT Outcome/duration Histology 
(authors’ 
description) 
(at first/at MT)

Akachi et al. 1987 F 7 3 + Surgery(2), RT Dead/8 m after MT AC/MT
Nelson et al. 1988 F 14 3 + Surgery Dead/11 w after surgery AC/MC
Suzuki et al. 1989 M 3 8 + RT, V P shunt Dead/2m after MT AC/SCC
Suzuki et al. 1989 M 9 5 + Surgery Dead/3 m after MT AC/SCC
Virik et al. 1999 M 24 10 + Surgery. CT (carboplatin, etoposide), RT Dead/10 m after MT AC/UET
Kristopaitis et al. 2000 F 27 15 + Surgery, CT (paclitaxel. earboplatin) Alive/6m after MT AC/SCC
Sakai et al. 2004 M 3 14 + Surgery (5), stereotactic radiosurgery (2) Dead/3 y after MT -/MT with PP
Plowman et al. 2004 F 6 15 + Surgery, CT(cisplatin, etoposide) Dead/6m after MT AC/MT without SF
Yue et al. 2006 M 17 0 - details unknown details unknown None※1/SCC
Rodriguez et al. 2007 M 31 0 - Surgery Dead/6 w after surgery None※1/OGC
Rodriguez et al. 2007 F 58 5 + Surgery, shunt Dead/2 m after MT AC/SCC
Rodriguez et al. 2007 M 14 8 + Surgery Dead/1 y after MT AC/MEC
Boongird. et al. 2008 F 46 0 - Surgery Dead/6 w after surgery None※1/MC
Ishida et al., 2010 M 6 5 + Surgery, CT (cydophosphamide, 

cisplatia, etopoade)
Alive/10 m after MT AC/MT

Aquilina et al., 2010 M 4 8 + Surgery (2), CT (carboplatin. cetuximab) Dead/6 m after MT -/SCC
Aquilina et al. 2010 F 6 7 + Surgery, CT (paclitaxel .earboplatin), RT Alive/5 y after MT AC/SCC
Ujifuku et al. 2010 M 32 10 + Surgery (2) Dead/43 d after surgery AC/SCC
Launola et al. 2011 F 66 0 - RT Dead/15 m after surgery None*1/MC
Gao et al. 2011 F 41 4 - Surgery Dead/3 5m Mfrer cuegery MIX/ABC
Present case M 12 24 + Surgery Alive/12 m after surgery AC/MT
ABC: Ameloblastic carcinoma; AC: Adamantinomatous craniopharyngioma; MC: Malignant craniopharyngioma; MEC: Myoepithelial craniopharyngioma; MIX: Mixed type 
craniopharyngioma; MT: Malignant transformation; OGC: Odontogenic ghost cell carcinoma; PC: Papillary craniopharyngioma; PP: Pleomorphic pattern; RT: Radiation therapy; 
SCC: Squamous cell carcinoma; SF: Squamous features; UET: Undifferentiated epithelial tumor; d: Day; m: Month; y: Year; ※1: De novo tumor
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squamous cell marker.[3] An important issue concerns 
the origin of the malignantly transformed epithelial 
cells. Yamada et al.[34] explained the histogenesis of 
craniopharyngioma as follows: The anterior wall of 
Rathke’s pouch epithelium fails to evolve into the 
adenohypophysis and transforms into either enamel 
organs (adamantinomatous) or oral mucosa composed 
of nonkeratinized squamous epithelium (papillary 
squamous). The WHO classification of tumors of the 
central nervous system published in 2007[19] states that 
adamantinomatous craniopharyngioma is characterized 
by squamous epithelium disposed in cords, and thus 
contains “peripheral palisading epithelium,” whereas 
squamous papillary craniopharyngioma consists of 
“squamous and well‑differentiated non‑keratinizing 
epithelium.”[28] Both types may transform to malignant 
SCC‑like tumors.

Possible mechanisms of malignant tumorigenesis in 
our case are as follows [Figure 7]: (i) The peripheral 
palisading epithelium of the adamantinomatous 
craniopharyngioma undergoes transformation; (ii) the 
squamous cells of a coexisting papillary squamous 
craniopharyngioma (or a mixed type tumor) undergo 
transformation; (iii) neighboring normal epithelial cells 
undergo transformation; and (iv) the adamantinomatous 
craniopharyngioma hosts a distant metastasis (the tumor 
to tumor phenomenon). The first two hypotheses fit 
our findings, and the first is the most plausible. There 
was no pathological evidence of squamous papillary 
craniopharyngioma during the long clinical course of 
the tumor nor were p40‑positive cells observed before 
squamous metaplasia arose. In addition, the possibility 
of collateral damage from radiation therapy (e.g., a 
radiation‑induced malignant tumor) must be 

considered.[30,31] Cahan et al.[6]  and Menon et al.[20] 
found that the latency period necessary for malignant 
transformation was more than 5 years after radiotherapy. 
In our case, the patient received GKS at 31 years of age 
and local irradiation at 15 years of age; both treatments 
are potential triggers of transformation. An otherwise 
benign craniopharyngioma may occasionally serve 
as the “recipient” in rare tumor‑to‑tumor metastasis 
situations [Figure 7d]. Fraggetta et al.[12] reported a case 
with metastasis of pulmonary adenocarcinoma to the 
craniopharyngioma. Although we did not find any other 
malignant tumors in our case, we must always consider 
the tumor‑to‑tumor phenomenon.

The prognosis of malignantly transformed 
craniopharyngioma is very poor [Table 1]. After diagnosis 
of malignant transformation, surgical resection, additional 
radiation, and chemotherapy have been administered. 
Although none of these treatments individually resulted 
in long‑term survival, the combination of surgical 
resection and chemotherapy is now considered the 
best treatment. All chemotherapies for malignant 
craniopharyngioma included platinum, and three of 
six (50%) patients receiving combination therapy are still 
alive at present. For these reasons, we administered TPF 
chemotherapy[25] to our patient, but its long‑term effect 
is unknown.

It is unclear whether radical surgery is better than other 
types of surgery for resection of craniopharyngiomas. 
Although mortality and morbidity rates after radical 
surgery for tumors surrounding the cavernous sinus 
are relatively high, Couldwell et al.[8] recommend 
radical resection of such tumors in the following 
situations: (i) Benign tumors recur despite all 
reasonable medical and radiation therapies, including 
stereotactic radiosurgery and fractionated radiation; (ii) 
as a salvage therapy for malignant tumors for which 
no other therapy is reasonable; and (iii) the patient 
is in an acceptable neurologic and general physiologic 
condition for attempts to extend survival. Because our 
patient had complete paresis of all nerves related to the 
cavernous sinus, we performed a radical tumor resection 
including the cavernous sinus using both transcranial 
and transsphenoidal techniques and an EC‑IC bypass. 
The surgery completely removed the tumor, and there 
has been no tumor regrowth. It is now 12 months after 
surgery, and our patient has not manifested any new 
neurological deficits. The management of malignant 
transformation of craniopharyngioma is currently unclear 
and controversial in terms of how best to remove the 
tumor and which type of chemotherapy is the most 
effective. Because radiation may be a strong inducer of 
malignant transformation, we suggest that radical removal 
of the craniopharyngioma and avoidance of radiation 
therapy may be the best options.

Figure 7: Diagram of the possible mechanisms of craniopharyngioma 
transformation. (a) The peripheral palisading epithelium of 
an adamantinomatous craniopharyngioma (aCP) undergoes 
transformation. (b) The squamous cells of a coexisting papillary 
squamous craniopharyngioma (pCP) or a mixed-type tumor 
undergo transformation. (c) Neighboring normal epithelial cells 
undergo transformation. (d) A distant metastasis invades an aCP
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