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Abstract

Purpose The aim of the present study was to evaluate the 5-year recurrence-free survival and prognostic factors of odonto-
genic keratocyst (OKC) from a single-center retrospective cohort in the northeastern region of Brazil.

Methods Forty cases of OKC comprised the study population. In the cohort analyzed, 18 (45%) cases were recurrent OKCs
and 22 (55%) were non-recurrent OKCs. Recurrence-free survival was defined as the period from the release of the histo-
pathological report to the occurrence of relapse or last visit to the service.

Results Comparison of the clinicopathological variables between primary and recurrent OKC lesions revealed no differences
in the frequency of epithelial thickness, presence of satellite cysts and cystic spaces, presence of an inflammatory infiltrate,
locularity, and lesion borders. The frequency of symptoms was practically the same even after recurrence. Satellite cysts
were more frequent in the group of recurrent lesions (=9, p=0.002) and the presence of an inflammatory infiltrate was
also significantly associated with recurrent lesions (n=15, p=0.006). Previous decompression or marsupialization was
associated with recurrence of the lesion (p=0.010).

Conclusions In conclusion, the most significant prognostic factors were previous decompression or marsupialization, as
well as, morphological parameters associated with the recurrence cases were the presence of an inflammatory infiltrate
and satellites cysts. The risk of recurrence is low but continues due to the particularities of epithelial proliferation in OKC.
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Introduction mutations in the tumor suppressor gene PTCHI [4]. OKCs
associated with Gorlin syndrome usually develop multiple

Odontogenic keratocyst (OKC) is a benign cystic lesion that ~ lesions in the jaws and tend to occur in uncommon sites

arises from remnants of the dental lamina [1-3]. This lesion when compared to sporadic cases [5].

may occur sporadically or associated with nevoid basal cell OKGCs require special attention because of their aggres-

carcinoma syndrome (Gorlin syndrome), which is caused by =~ sive behavior and tendency for recurrence [6]. Several
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treatment modalities are available, which are generally clas-
sified as conservative or aggressive. In general, “conserva-
tive” treatment consists of enucleation and/or marsupiali-
zation, while “aggressive” treatments include enucleation
combined with adjunct therapies or resection [7]. Recur-
rence ranges from 0 to 62% after treatment, and most cases
of relapse occur within the first 5 years after surgery [8].
There is no sufficient evidence in the literature to support
one treatment modality as the most effective in reducing
morbidity and recurrence rates, probably because of the
lack of standardization of the procedure and methodologi-
cal flaws [7].

Given the above, the aim of the present study was to
evaluate the 5-year recurrence-free survival and prognostic
factors of OKC in patients attending a referral center for oral
diagnostics in the northeastern region of Brazil.

Methods
Sample selection

A single-center retrospective cohort study was conducted.
The population consisted of patients diagnosed with OKC
between January 2007 and January 2019. The patients
were submitted to surgical treatment (conservative or not)
for removal of the cystic lesion at a surgery and trauma-
tology service in Natal, Rio Grande do Norte, Brazil. The
study was approved by the Ethics Committee of Federal
University of Rio Grande do Norte, UFRN (Approval no.:
3.223.477/2019). All participants agreed to participate in the
study by signing the free informed consent form.

The patients were recruited by searching the Registry
of Excisional Biopsy Records of the Laboratory of Patho-
logical Anatomy, Discipline of Oral Pathology, Department
of Dentistry, Federal University of Rio Grande do Norte
(UFRN). The medical records of patients registered at the
service of the Oral-Maxillofacial Surgery and Traumatology
Sector were also evaluated because of the possibility that the
patient had sought the service immediately before or after
the diagnosis was established.

Forty cases of OKC were identified and comprised the
study population. Only cases with sufficient material for
morphological analysis and solitary lesions in the jaws were
included. Patients with Gorlin syndrome, i.e., multiple jaw
lesions, were excluded since it is difficult to differentiate
recurrent lesions from new lesions in patients with multiple
lesions.

We collected 5-year (60 months) follow-up data from
all patients included in the study by revising the surgical
records. Recurrence-free survival was defined as the period
from the release of the histopathological report to the occur-
rence of relapse or last visit to the service. Patients who
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developed recurrences after 5 years and those lost to follow-
up were censored.

The following variables were analyzed: age at diagnosis,
skin color (white, brown or black), symptoms (absent or
present), anatomic location (maxilla or mandible), epithelial
thickness (atrophic or hyperplastic), satellite cysts (absent
or present), cystic spaces (absent or present), inflammatory
infiltrate (absent or present), locularity (unilocular or mul-
tilocular), lesion borders (well defined or poorly defined),
previous decompression (yes or no), recurrence (yes or no),
time to recurrence, and time of follow-up. The epithelial lin-
ing of OKC was classified according to thickness as atrophic
(5-8 cell layers) or hyperplastic (more than 8 cell layers) [9].

Statistical analysis

The chi-square test and Fisher’s exact test were used to eval-
uate the associations of the variables with recurrence, with
p <0.05 indicating statistically significant associations. The
McNemar test for paired data was used to compare the vari-
ables between primary and recurrent OKC lesions. Recur-
rence-free survival was analyzed using the Kaplan—Meier
method and the survival functions were compared according
to the variables by the log-rank test.

Results

In the cohort analyzed, 18 (45%) cases were recurrent OKCs
and 22 (55%) were non-recurrent OKCs. There was a pre-
dominance of OKC among females (n=23) compared to
males (n=17), with a female-to-male ratio of 1.3:1. The
mean age at diagnosis was 34.7 +16.7 years and most
patients were white (n=18, 45.0%). The posterior mandible
was the most affected site in the population studied (n =31,
77.5%), followed by the anterior mandible (n=4, 10.0%),
posterior maxilla (n=4, 10.0%), and anterior maxilla (n=1,
2.5%).

Comparison of the clinicopathological variables between
primary and recurrent OKC lesions revealed no differences
in the frequency of atrophic and hyperplastic epithelium,
presence of satellite cysts and cystic spaces (p=1.000), or
presence of an inflammatory infiltrate (p =0.625). The imag-
ing findings such as locularity (p =0.727) and lesion borders
(p=0.687) were also similar (Table 1).

Atrophic epithelium was the most frequent type found in
both groups of recurrent and non-recurrent lesions, show-
ing no significant association (p =0.435). Satellite cysts
were more frequent in the group of recurrent lesions and
showed a significant association (p =0.002). The presence of
an inflammatory infiltrate was also significantly associated
with recurrent lesions (p =0.006) (Table 1).
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Ta.bI.e 1 Compa{ ison Of Clinicopatho- Primary lesion Recurrent lesion p Recurrence p
Cllnlcopathploglcal variables logical vari- n (%) n (%)
between primary and recurrent ables Absent  Present PR (95% CI)
OKGCs, and the association n (%) n (%)
between clinicopathological
variables and incidence of Epithelial thickness
recurrences Atrophic 11 (61.1) 11 (61.1) 1.000* 16 (72.7) 11(61.1) 1.2(0.6-2.4) 0.435°
Hyperplastic 7 (38.9) 7 (38.9) 6(27.3) 7(38.9)
Satellite cysts
Absent 9 (50.0) 10 (55.6) 1.000* 21(95.5) 9(50.0) 7.0 (1.0-45.6) 0.002°
Present 9 (50.0) 8(44.4) 1(4.5)  9(50.0)
Cystic spaces
Absent 9 (50.0) 8(44.4) 1.000* 7(31.8) 9(50.00 0.7(0.3-1.3) 0.243°
Present 9 (50.0) 10 (55.6) 15 (68.2) 9 (50.0)
Inflammatory infiltrate
Absent 3 (16.6) 1(5.6) 0.625* 13(59.1) 3(16.6) 2.1(1.2-3.8) 0.006°
Present 15 (83.4) 17 (94.4) 9(40.9) 15(83.4)
Symptoms”
Absent 6 (33.3) 3 (16.6) 0.727* 6(27.3) 6(33.3) 1.0(04-2.0) 1.000°
Present 11 (61.1) 14 (77.7) 11 (50.0) 11 (0.61)
Lesion size
<2cm 11 (61.1) 5(27.8) 0.146* 9(40.9) 11(61.1) 0.6 (0.3—1.3) 0.152°¢
>2cm 7 (38.9) 13 (72.2) 13 (59.1) 7(38.9)
Locularity
Unilocular 10 (55.6) 8(44.4) 0.727* 7(31.8) 10(55.5) 0.6(0.3-1.2) 0.131°
Multilocular 8 (44.4) 10 (55.6) 15 (68.2) 8 (44.5)
Lesion borders®
Well defined 14 (77.7) 13 (72.2) 0.687* 17 (77.2) 14(77.7) 13(0.4-4.2) 0.650°
Poorly defined 3 (16.6) 5(27.8) 2(9.0) 3(13.6)
Previous decompression or marsupialization
No 12 (66.7) 18 (100.0) 0.063* 21(95.4) 12(66.7) 2.3(1.3-4.0) 0.047°
Yes 6 (33.3) 0(0.0) 1(4.6) 6(33.3)

PR prevalence ratio, CI confidence interval

“McNemar test
PFisher’s exact test

“Pearson’s chi-square test

Alnformation regarding symptoms was not available in two cases of primary OKC, not available in two
cases of recurrent OKC and not available in five cases of non-recurrent OKC

BInformation regarding lesion borders was not available in one case of primary OKC and not available in

three cases of non-recurrent OKC

The frequency of painful symptoms was practically
the same even after recurrence (p=0.727). Frequency
of symptoms was the same in all selected cases, with the
patients commonly reporting some discomfort (n=11). This
parameter was not significantly associated with recurrence
(p=1.000). Regarding the therapeutic approach, decom-
pression or marsupialization was more commonly used in
recurrent lesions (n=6) and was significantly associated
with recurrence (p=0.047).

Primary lesions had a mean size of 2.2+ 1.1 cm and
recurrent lesions of 3.0+2.0 cm, i.e., there were more
cases of recurrent lesions larger than 2 cm than primary

lesions (p=0.146). Non-recurrent lesions had a mean size
of 3.2+2.1 cm, i.e., in 13 cases the lesion was larger than
2 cm. However, lesion size was not significantly associated
with the presence of recurrence (p =0.152) (Table 1).

With respect to the imaging findings, multilocular lesions
were more frequently observed in non-recurrent cases, but
this feature was not significantly associated with recurrence
(p=0.131). The lesion border was well delimited in most
lesions, with two cases of irregular margins in non-recur-
rent OKC and three cases in recurrent OKC; however, this
parameter was not significantly associated with recurrence
(p=0.650).
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The treatment modalities for primary lesions were enu-
cleation combined with curettage and/or Carnoy’s solution
(n=12) and ostectomy combined with Carnoy’s solution
(n=06). Treatment of recurrent lesions included ostectomy
combined with Carnoy’s solution (n=12), enucleation com-
bined with curettage and/or Carnoy’s solution (n=35), and
resection and bone graft placement (n=1). On the other
hand, non-recurrent lesions were treated as follows: previ-
ous decompression or marsupialization (n= 1), enucleation
combined with curettage and/or Carnoy’s solution (n=12)
and ostectomy combined with Carnoy’s solution (n=9).

The median recurrence-free survival at 5 years was 6.0
(3.0-24.0) months. The highest survival was observed in
cases without satellite cysts (67.39%; 95% CI 46.52-81.58)

or inflammatory infiltrate (79.44%; 95% CI 48.79-92.89)
and no previous decompression or marsupialization
(59.99%; 95% CI 40.26-75.05). The mean time of follow-
up was 81.32+64.88 months (range: 9 to 295 months). At
the end of the study, there were two losses to follow-up over
5 years, as shown in Table 2 and Figs. 1 and 2.

Discussion

The present study permitted to identify the main character-
istics of patients with OKC seen at a referral center for oral-
maxillofacial surgery and traumatology in northeastern Bra-
zil. In addition, the main associated prognostic factors were

Table 2 Association between

. Clinicopathological n Events Recurrence-free survival HR (95% CI) p
recurrsanpe-free surv.lval variables (95% CI)
and clinicopathological
characteristics of OKCs Epithelial thickness
Atrophic 27 11 54.26 (32.51-71.71) 1.17 0.742
Hyperplastic 13 7 46.15 (19.16-69.64) (0.45-3.02)
Satellite cysts
Absent 30 9 67.39 (46.52-81.58) 8.02 (3.00-21.43) <0.001*
Present 10 9 11.11 (0.61-38.77)
Cystic spaces
Absent 16 9 40.00 (16.49-62.76) 0.59 0.262
Present 24 9 58.98 (35.63-76.33) (0.23-1.50)
Inflammatory infiltrate
Absent 16 3 79.44 (48.79-92.89) 4.71 0.006*
Present 24 15 31.79 (13.76-51.58) (1.35-16.39)
Anatomic location
Mandible 35 16 50.42 (32.21-66.10) 1.08 0.916
Maxilla 5 2 60.00 (12.57-88.18) (0.24-4.70)
Symptoms™
Absent 12 6 42.42 (13.70-69.88) 0.96 0.951
Present 22 11 47.14 (25.13-66.40) (0.35-2.62)
Lesion size
<2cm 20 7 60.73 (34.53-79.14) 0.51 (0.20-1.33) 0.163
>2cm 20 11 41.45 (19.62-62.11)
Locularity
Unilocular 17 10 37.50 (15.42-59.77) 0.50 0.135
Multilocular 23 8 61.66 (37.43-78.83) (0.19-1.27)
Lesion borders®
Well defined 31 14 53.63 (34.45-69.47) 1.95 0.280
Poorly defined 5 3 25.00 (0.89-66.53) (0.55-6.84)
Previous decompression or marsupialization
No 31 12 59.99 (40.26-75.05) 3.37 0.010*
Yes 9 6 14.29 (0.71-46.49) (1.25-9.10)

CI confidence interval, HR hazard ratio

*Statistically significant (log-rank test)

AInformation regarding symptoms was not available in six cases

BInformation regarding lesion borders was not available in four cases
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Fig. 1 Kaplan—-Meier curves of recurrence-free survival according to
clinical and imaging variables of OKCs. a Presence of symptoms. b
Locularity (unilocular or multilocular). ¢ Radiographic borders (well
defined or poorly defined). d Size (<2 or>2 cm). e Initial conserva-

identified. In the present study, OKCs occurred in patients
across a wide age range, with a mean age of 34.7 years, in
agreement with the literature which indicates that this lesion
commonly affects adults in the fourth decade of life [7, 10].
In contrast to other studies [6-8, 11, 12], most of the patients
analyzed herein were women. The posterior mandible was
the most affected site, in agreement with the literature [7,
13, 14].

OKC:s are characterized by a high recurrence rate after
treatment [1, 13—15]. Different factors can explain this high

tive treatment (decompression or marsupialization). The log-rank test
showed a statistically significant association only for previous decom-
pression or marsupialization (p=0.010)

rate, including the size of the lesion, association with Gorlin
syndrome, different treatment methods, and anatomic loca-
tion [1, 7, 15, 16]. In the present study, non-recurrent lesions
had a larger mean size. This finding can be explained by the
fact that surgeons in the aforementioned service often choose
more aggressive treatment after decompression in the case
of larger lesions aiming to prevent recurrences. In addition,
OKGC:s located in the mandible seem to be associated with
the development of future recurrence, as evidenced in the
studied sample.
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Fig.2 Kaplan—Meier curves of the relationship between morpho-
logical findings and recurrence-free survival in OKCs. a Epithelial
thickness. b Presence of satellite cysts. ¢ Presence of multiple cystic

Histological findings can be associated with the recur-
rence of OKC [17]. We analyzed some histopathological
features and found no significant association between recur-
rence of OKC and epithelial thickness or presence of cystic
spaces. However, there was a significant association of the
presence/absence of satellite cysts and inflammatory infil-
trate with recurrence of OKC. No differences in the histo-
pathological features were observed between primary and
recurrent lesions.

The presence of dental lamina remnants adjacent to sat-
ellite cysts is one reason to explain the high tendency for
recurrence associated with cell proliferation in the cystic
capsule. Suprabasal mitoses in the epithelial lining, pres-
ence of proliferating odontogenic epithelium in the capsule
and satellite cysts in the wall of OKC are significantly more
common in syndromic multiple OKCs than in solitary cases.
These characteristics are indicators of a higher proliferative
capacity in syndromic OKCs and in recurrent cases [5].

Satellite cysts usually take three forms: (1) keratin-filled
cysts lined by cuboidal cells; (2) squamous structures with
central degeneration occupied by epithelial debris; and
(3) small irregular shaped cysts of which lining is indis-
tinguishable from that of the main cyst. The first two are
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spaces. d Presence of inflammatory infiltrate. The log-rank test
revealed statistically significant associations only for satellite cysts
and inflammatory infiltrate

more frequently found in solitary cases (Fig. 3). It is often
postulated that basal cell budding may be important for the
formation of satellite cysts in syndromic OKCs [5]. Accord-
ing to Bello et al. [5], recurrences may be attributed to the
proliferative activity of satellite cysts formed as a result of
basal cell budding in the epithelium and their detachment in
connective tissue and subsequent cystification. However, his-
tological evidence favors the development of satellite cysts
from the proliferation of epithelial rests of Serres in cases
of sporadic OKC [18].

According to Pereira et al. [19] and Lira et al. [20], the
degree of inflammation in OKC is low. In the studied sam-
ple, the presence of inflammatory infiltrate was found in
some cases of primary and recurrent OKC (Fig. 3), and
showed a significant association with a reduction in recur-
rence-free survival. Thus, our findings suggest that inflam-
mation predisposes to recurrences in OKC. This hypothesis
can be supported by the fact that a high degree of inflam-
mation increases epithelial thickness. In addition, inflam-
matory cells can secrete growth factors that stimulate the
proliferation of epithelial lining cells [21]. Furthermore, a
recent study demonstrated that alterations in oxygen levels
caused by inflammatory conditions influence the biology of
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Fig.3 Recurrent OKC. a Classical features of OKC. Parakeratinized »
stratified squamous epithelium showing a hyperchromatic and polar-
ized basal cell layer and flat epithelial-connective tissue interface.
Note budding of basal cells (arrows). b Detachment of portions of the
epithelium from the fibrous capsule is usually seen. ¢ Presence of a
satellite cyst in the capsule, characterized by a round, keratin-filled
cyst lined by cuboidal cells. d Inflammation of the epithelial lining
and hyperplasia. Connective tissue is densely infiltrated with chronic
inflammatory cells (X 200)

neoplastic cells. In odontogenic lesions, hypoxia-inducible
factor-1a (HIF-1a) is considered a marker of hypoxia and
has been associated with invasiveness and cystic formation.
Overexpression of this transcription factor has been reported
in OKCs [22].

OKCs can vary between uni- and multilocular radio-
graphic appearance, with a predominance of unilocular
lesions [8, 10, 11, 13, 14]. We found some interesting asso-
ciations between the radiologic findings and recurrence of
OKC. Multilocularity was the most common radiographic
appearance in both recurrent and non-recurrent groups.
However, in the recurrent group, a unilocular radiographic
appearance was the most common finding in primary
lesions. Despite this prevalence, no significant relationship
was found, as also previously reported [23]. Kinard et al.
[8] reported a higher prevalence of unilocular lesions but
the risk of recurrence was 4.7-fold higher in multilocular
lesions. In our study, most OKCs had well-defined borders.
It is worth mentioning that computed tomography allows to
evaluate cortical bone perforation, which is common and is
associated with the recurrence of OKC [8, 10].

Symptoms associated with OKC are an uncommon clini-
cal finding and, if present, do not account for more than 50%
of cases [11, 12, 24, 25]. However, in a 10-year retrospec-
tive study, Habibi et al. [26] found symptoms in 75.9% of
their sample. In our study, the presence of symptoms was
uncommon and was not significantly associated with recur-
rence; however, if symptoms were present, they were mostly
observed in recurrent cases. The main associated symptoms
include swelling, pain, purulent secretion, and paresthesia
[3,11, 12,25, 26].

In our study, the recurrence rate was 45% and the time
to relapse ranged from 2 to 60 months after the surgical
procedure. Kinard et al. [10] reported a recurrence rate of
19% in a multicenter study of 231 patients followed up over
a period of 12 years. Cunha et al. [7], studying 24 patients
submitted to standard surgery (i.e., decompression and enu-
cleation) and followed up over a period of 10 years, found a
recurrence rate of 33%. Although there are several accepted
therapies for OKC, no consensus exists in the literature.
Treatment options include conservative methods, such as
enucleation (with or without curettage), decompression
and marsupialization, in addition to aggressive approaches
that include peripheral ostectomy, cryotherapy, application
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of Carnoy’s solution, and resection of the mandible. All of
these techniques aim to remove the cyst and to reduce the
risk of recurrence [1, 6, 8, 11, 16, 27-29].

A wide range of treatment modalities was found in the
present study, with conservative treatments being prefer-
ably performed on primary lesions. Marsupialization and
decompression are conservative techniques for the treatment
of OKC, which are followed by removal of the lesion [15,
16, 29]. In our study, recurrent cases showed a significant
association with marsupialization or decompression (prior to
surgical excision). Our data agree with the literature suggest-
ing that marsupialization/decompression is associated with
higher recurrence of OKC [8, 10, 14-16, 28-30].

Conclusions

Our results suggest that the prognostic factors involved
with recurrences of OKC are the presence of satellite cysts,
inflammatory infiltrate and the previous performance of
decompression or marsupialization that modify peculiari-
ties of the epithelium. Histological characteristics of OKC
play a minor role but should not be neglected, and a better
understanding is necessary. In our study, the most significant
morphological parameters associated with recurrences were
the presence of satellite cysts and inflammatory infiltrate. If
the cyst and its content are completely removed, the risk of
recurrence is low but continues due to the particularities of
epithelial proliferation in OKC.
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