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Abstract: An odontogenic keratocyst (OKC) is a benign but aggressive intraosseous tumor derived from the remains
of the original tooth germ or dental lamina. It has a marked ability to recur and become cancerous. However, patients with early-stage OKC often have no symptoms and manifestations. The common clinical manifestation is
swelling. Hence, it is critical to precisely diagnose the disease, to use differential diagnosis in combination with auxiliary examination methods, and to select the most appropriate treatment option to reduce the loss of bone tissue
and the related damage to patients. In recent years, with the advancement in understanding the molecular basis of
this disease and the development of early detection and targeted therapy, the diagnosis and the prognosis of OKC
have been improved. The aim of this study was to provide an overview on the clinical features, diagnosis, and treatment of OKC. The molecular and genetic basis of this disease and the characteristics of malignant transformation
of OKC were also discussed. Finally, we presented patient cases from our clinical practice to provide some advice
on the diagnosis and treatment of OKC.
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Introduction

The clinical features of OKC

In 2005, WHO reclassified odontogenic keratocysts (OKC) as tumors by modifying the previous two editions of WHO classification. Keratocystic odontogenic tumor (KCOT) was recommended as the appropriate name [1]. However,
in 2017, WHO changed odontogenic keratocystic tumor back to odontogenic keratocyst (OKC)
[2], which reflects the extensive and continuous investigation of this disease that has been
carried on. OKC is a benign tumor derived from
the remains of the original tooth germ or dental
lamina. Unlike most other jaw cysts, it has a
very high recurrence rate and a tendency to
become cancerous [3, 4]. OKC can occur in any
location of the jaw, but more often in the
ascending ramus and molar area. Nevertheless, there are few reports showing OKC occurs in soft tissues, most of which occurs in the
Gingiva [5, 6], buccal space [7, 8], posterior trigone of the molar [9], deep facial area [10], or
the temporal muscle [11].

OKC mostly occurs in adults 30-50 years old,
accounting for 14.3% of the total cases of odontogenic tumors [12]. There are generally no
obvious symptoms and signs in patients with
early-stage OKC, as even if the lesion is large,
it still does not cause obvious jaw expansion,
making it unnoticeable by facial appearance.
Occasionally, patients have symptoms such as
swelling, pain, abnormal sensation, pus outflow, and loose teeth [13]. Among these, swelling is the most common clinical manifestation
of OKC [14]. If an OKC continues to grow, and
the bone gradually expands around, facial
deformity will occur. As a result, the surface
bone becomes a very thin bone plate, and the
palpation can have a ping-pong-like feeling
and make the so-called parchment-like brittle
sound. In severe cases, pathological fractures
can happen, or this layer of bone plate is eventually absorbed, as well as a wave motion when
touched. The tumor cells in OKC can also invade
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the nasal cavity and maxillary sinus. In severe
cases, these cells can affect vision and even
lead to diplopia [15]. If OKC is adjacent to the
teeth, it can cause the adjacent teeth to be
compressed, resulting in the teeth to shift,
loosen, or tilt. Thus, OKC can be accompanied
by tooth loss clinically. It is worth noting that the
extraction of moving teeth in OKC patients
should be performed with extreme caution. If
the loosen tooth is caused by OKC, tooth extraction and injury can rupture the cyst, and sebumlike substances will be visible. If the tumor has
secondary infection, it can cause symptoms
including swelling, pain, fever, and general discomfort. Importantly, if swelling also happens
in other body parts, the patient’s medical history should be examined in detail to prevent
from missed diagnosis or misdiagnosis. For
example, in our hospital, a 41-year-old female
patient presented with painless progressive
swelling in the left temporal region. A large
curved surgical scar was found in the left neck.
The patient had undergone two OKC operations
at the age 25 and 38, respectively. Physical
examination revealed a prominent elevation of
the left temporal region with normal skin, and a
mass of about 3.5 cm×3.0 cm in size was palpable. The mass was slightly soft and had
boundaries without tenderness and movement.
It appeared to be located deeply under the temporal muscle.
Diagnosis of OKC
OKC can be diagnosed according to the medical history and the clinical manifestations.
Puncture is a relatively reliable diagnostic
method. Yellow and white keratin-like (sebumlike) substances can be seen on the site in
most cases. Keratin staining of the extracted
material will further validate the diagnosis of
OKC. X-ray examination is also very useful for
diagnosis. The X-ray image will show a clear
round or oval transparent shadow with welldefined edges. There is often an obvious white
bone reaction line around, and sometimes the
edges can be irregular. B-scan ultrasonography
can also be used as an auxiliary examination
for diagnosis. As shown in Figure 1C, a CT
(computed tomography) scan revealed that
there was a low-density mass with a small highdensity lesion around the local area deep in the
left temporal region above the zygomatic arch.
The edge of the mass was clear, and the left
mandibular ramus disappeared, but the head
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with metal joint was in position. Ultrasonography showed a cystic mass in the left temporal
region. From the CT scan of the patient before
the second operation, we found that the OKC
was larger and had affected the coracoid apex
(Figure 1B). Based on the patient’s past treatment history and the examination by specialist,
the possibility of OKC recurrence in temporal
region was considered. In this case, it was not
easy to diagnose OKC by the temporal mass
alone, as there was a possibility of hemangioma and lipoma [16, 17]. Hemangioma is a congenital benign tumor or vascular malformation,
and it is positive for movement test [18, 19].
On the other hand, lipoma is soft, and its skin
can appear “Orange peel”-like if the mass is
pressed at the base by hand. The CT image of
lipoma will be a lipoid density mass because it
contains lipid material [20]. We ruled out the
possibility of other tumors, such as hemangioma or lipoma, by analyzing the patient’s entire
treatment history and the clinical features. The
recurrent OKC in the left temporal region was
considered. This diagnosis was further supported by the presence of keratin in the histological
staining of the resected tumor sample [21-23].
Pathological section diagnosis is the final gold
standard. According to the pathological section
after operation, the diagnosis was OKC (Figure
2).
Treatment of OKC
One of the unfavorable features of OKC is its
high recurrence rate after treatment, which
happens in about 25-60% of OKC patients [24].
The cause for this high recurrence rate in OKC
is complex. One is due to the aggressive biological nature of OKC, which is prone to recurrence [29, 30]. In addition, since the capsule
wall is thin and easy to break, it is difficult to
remove OKC lesion completely, and the remaining epithelium of the capsule wall has high proliferative ability, which leads to recrudescence.
To make matter worse, there are satellite capsules or microcapsules in the connective fibrous capsules to support the growth of OKC.
The recurrence rate in OKC is closely related to
the surgical method used too. Appropriate procedures will help reduce the chance of recurrence. It has been reported that during surgery, after completely scraping the capsule
wall, smearing the bone wound with corrosive
agents such as phenol or silver nitrate or applyAm J Cancer Res 2022;12(7):3479-3485
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Figure 1. CT imaging examination of patients. A. Before the second operation, bony destruction of the ascending
ramus of the mandible was seen. B. Before the second operation, in the coronal view, the bone destruction of the
ascending ramus of the mandible was seen. C. Before the third operation, on this preoperative CT scan, bony structures could be seen in the temporal mass. D. Before the third operation, CT scan showed possible tumor mass in
the coracoid region: the shadow of a cyst in the temporal part of the deep zygomatic arch.

ing cryotherapy to eliminate the ascocyst can
prevent recurrence [25]. Enucleation combined with Carnoy’s solution can also significantly
reduce the recurrence rate [26, 27]. Patients
receiving complete resection show the lowest
recurrence rate [28]. This procedure requires
part of the bone around the cyst to be removed. If the lesion is too large or OKC recurs many
times, the jaw should be removed together with
the diseased soft tissue, and bone grafting
should be performed immediately.
Even so, sometimes recurrence cannot be
avoided, as shown in a case treated in our hospital. The patient received the first surgery for
OKC 13 years before it recurred. In the second
operation, although the patient underwent a
radical osteotomy, the tumor remained on the
3481

upper end of the deep coracoid process and
zygomatic arch, due to insufficient preoperative
preparation and poor visual field during operation. As a result, the tumor continued to grow
and protruded into the temporal region. In the
third operation, the flap was turned down along
the superficial layer of deep temporal fascia to
the upper edge of zygomatic arch. Thus, the
tumor under the temporal muscle above zygomatic arch could be palpable, and after the
superficial fascia and temporal muscles were
dissected, the tumor could be fully exposed.
Furthermore, after a blunt and sharp dissection, the adhesions between the tumor and
scar tissue on the deep surface of the zygomatic arch were visible, and the OKC was completely removed. The wound was rinsed with a
large amount of saline, placed with negative
Am J Cancer Res 2022;12(7):3479-3485
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Figure 2. Histopathologic features indicate a keratocystic odontogenic tumor. Images were taken at magnification of
Х40 (A), Х100 (B), Х200 (C), and Х400 (D). The outer layer is fibrous tissue, and the inner layer is stratified squamous
epithelium with keratosis or incomplete keratosis. There are ascocyst or epithelial island in the fibrous capsule.

pressure drainage, and closed layered sutures.
Three days after the surgery, the negative pressure drainage was removed. When the tumor
capsule was opened in vitro, a large amount of
cloudy fluid came out, and a small amount of
white keratin was found inside. Postoperative
recovery was satisfactory. Up to now, the
patient has been followed up for three years
without recurrence. However, since the tumor
has recurred twice, continuing close monitor is
needed. Although the complete resection of
the tumor and the surrounding bone is more
effective in treating OKC, the accompanying
damage is greater to patients; hence, overall
evaluation and consideration should be given.
In our case, this patient presented with an isolated temporal tumor, and the treatment history and the imaging examination suggested a
secondary surgical intervention. Therefore, for
the treatment of OKC, reading the scan images
carefully before the operation and paying attention to the operation area will be crucial for the
complete removal of tumor mass.
3482

Molecular and genetic basis of OKC
Early diagnosis and appropriate surgical resection of OKC can minimize jaw damage before
facial swelling occurs [31]. Therefore, many
studies focus on investigating the molecular
basis of OKC. The detailed analysis of gene
interaction networks and signaling pathways
have provided valuable information to our understanding of the disease and to identify
potential therapeutic targets for OKC treatment. Through gene screening, PCNA and TP53
were found to play critical role in the development of OKC [32]. The expression of PCNA is
increased in OKC [33]. OKC may also be the
result of the combined effect from dysregulation in multiple tumor suppressor genes or
oncogenes. For example, the expression of tumor suppressor gene p53 is down regulated in
OKC [34], simultaneously, the tumor suppressor gene PTCH1 is also mutated [35, 36]. In
addition, three members of the p53 protein
family, p53, p63 and p73, are expressed in
Am J Cancer Res 2022;12(7):3479-3485
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OKC, and their expression is related to angiogenesis [37]. Furthermore, M2 polarized macrophages are ubiquitously found in OKC to promote angiogenesis. This function of M2 polarized macrophages may be related to the secretion of angiogenic cytokines, such as vascular
endothelial growth factor (VEGF), transforming
growth factor-β (TGF-β), and matrix metalloprotein-9 (MMP-9) [38]. VEGF can initiate angiogenesis in blood vessels, which supports the
lesion growth of OKC [39]. Both CD34 and
CD99 are transmembrane glycoproteins and
are reported to participate in the progression of
OKC. The expression level of CD34 is high in
cyst microvessels, which is related to intercellular adhesion and inflammation [40]. CD99 is
distributed in the basal layer and upper basal
layer of OKC, which may serve as potential target for tumor therapy [41]. The expression of
epidermal growth factor receptor (EGFR) is also
mainly found in the cytoplasm of the basal layer
and upper basal layer of OKC, promoting the
proliferation of epithelial cells [42]. Moreover,
data from proteomic analysis show that OKC
cells and oral keratinocytes share similar proteomic characteristics. Analyses on identifying
differentially expressed protein between normal and OKC tissues reveal that the dysregulation of desmosomes and ECM degradation are
important changes in the pathobiology of OKC
[43].
Malignant transformation of OKC
Although the malignant transformation of OKC
occurs with a low frequency, it tends to be
misdiagnosed compared with other cancerous
lesions in the mouth, which is a major concern
to the prognosis of OKC [44]. The most common signs and symptoms of the malignant
transformation of OKC are pain and swelling
[45, 46]. Well differentiated squamous cell carcinoma is the most common type of malignant
tumor [48]. Other phenotypic changes and
characteristics, listed as follows, are also considered for the possible malignant transformation of OKC [49]. First, the mass is large or
increases rapidly, and shows chronic inflammation [50]. Second, without surgery, there exits
local numbness in the lower lip or the face, or
nosebleed suddenly appears [51]. Third, there
is an obvious pain or intermittent pain in the
mass area [52]. Fourth, imaging examination
shows the bone has increased transmission
shadow, unclear boundary, wormhole like and
3483

sawtooth like changes in the surrounding bone
or obvious bone absence [53]. Fifth, there are
multiple recurrences at the same site and
abnormally enlarged lymph nodes in the ipsilateral neck of the lesion. If the above pathological changes are observed in patients, the possibility of malignant transformation of OKC should be considered. Pathologists should carefully examine all biopsy tissues or extracted
specimens and evaluate whether there are
malignant changes in the capsule wall through
multiple samples or even continuous sections
[54, 55]. The treatment of malignant transformation of OKC should be based on the principle of malignant tumor treatment.
Conclusion
OKC has received increasing attention because
of its high recurrence rate and the tendency of
malignant transformation. The clinical manifestation, diagnosis and treatment option should
be evaluated carefully. Before selecting treatment for keratocystic odontogenic tumors, the
preoperative image data must be read carefully
to make sure that the operative area is clear;
the omission of the tumor is avoided, and the
tumor is completely removed. All these precautions will significantly help prevent the recurrence or malignant transformation of OKC.
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