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Abstract

Multi-variable analysis for recurrent risk of

odontogenic keratocyst

ARI Lee

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Chena Lee, D.D.S., PhD.)

Purpose: The aims of this study was to investigate prognostic factors affecting the
recurrence of odontogenic keratocyst (OKC) through clinical and radiologic feature
analysis, and to propose the most effective post-operative imaging interval to detect the
recurrence of the lesion.

Methods: The patients who were histopathologically diagnosed as OKC (n=506) after the
surgery at Yonsei University Dental Hospital were investigated. For the included patients,
the 16 clinico-radiologic features (5 clinical features, 11 radiologic features) were analyzed.
The clinical features included patient age, sex, pre-surgical imaging modality, clinical
preliminary diagnosis and treatment method. Radiologic features were the periphery and
shape, internal structure, and influence on surrounding structure of the lesion. The cox

proportional hazards model was used to establish prognostic factors of recurrence. The



appropriate follow-up period was determined by comparing the survival rates of recurred
and non-recurred lesions based on the Kaplan-Meier curve and the log-rank test.

Results: In total, 267 out of 506 patients were included for this study. The overall
recurrence rate was 25.47% with an average follow-up period of 4.36 years. The pre-
surgical imaging modality, periphery and shape (size, appearance, location), and internal
structure (septa) were identified as the factors related to recurrence in univariable cox
regression analysis. When multiple regression was performed, the size and septa were the
significant factor for the recurrent. The lesions smaller than the average size showed 1.92
times high recurrence rate over the lesion of larger size than the average. The lesion with
septa showed 5.61 times high risk of recurrence compare to the lesion without septa. The
recurrence rate was drastically increased during 3 to 7 years after the surgery when septa
were present.

Conclusions: In this study, among the clinical features and radiologic features of OKC, the
features related to recurrence were identified. Among radiologic features, lesions with septa
show a high recurrence rate, and in this case, close follow-up is required between 3 and 7

years after surgery.

Keywords: Odontogenic keratocyst, Recurrence, Prognostic factor, Risk factor, Cox

proportional hazards model



Multi-variable analysis for recurrent risk of

odontogenic keratocyst

ARI Lee

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Chena Lee, D.D.S., PhD.)

. INTRODUCTION

Predicting the prognosis of a lesion is used in clinical decision making process such as
information-based treatment direction and follow-up planning'?. When predicting the
prognosis of these lesions, a risk prediction model that suggests the possibility of recurrence
based on established risk factors is being used*-*. However, in order for a prediction model
to have clinical utility, prognostic factors must be reliable and generalizable. As such, it is
very important to establish prognostic factors related to the recurrence of the lesion.
However, it is difficult to set up an accurate prognostic factors because there are many
factors that cause recurrence, such as age, sex, histologic characteristics, lesion type, and
treatment method. In particular, in the case of odontogenic keratocyst (OKC), which has

high recurrence among OKC, the etiologic factors of recurrence are still ambiguous, so the



characteristics that can clearly prove the possibility of recurrence have not yet been
established.

OKC are account for 10-20% of all odontogenic cysts and are the third common cyst in
the head and neck®’. It tends to be aggressive and infiltrating into surrounding tissues, has
great growth potential, and has unique histological characteristics. The recurrence rate is

8-13

reported to vary from 7.4 to 58.3%° ">, and this wide range is thought to be due to the fact
that the study included various follow-up periods, small sample size, surgical methods, and
nevoid basal cell carcinoma syndrome (NBCCS). There are several hypotheses about the
frequent recurrence of OKC, but the cause that can accurately prove the recurrence is still
being debated. Most of the studies were analyzed focusing on treatment methods'*!".
Recently, as factors related to the recurrence of OKC, clinical factors such as the size and
location of the lesion or the presence of dental lamina remnants as well as satellite cysts,
which are histopathologically characteristics, have been studied'®!*!#20, In some studies,
radiological features such as cortical perforation and tooth inclusion within lesion have
been studied for the relationship with recurrence, and it has been identified as a prognostic

13-19

factor of recurrence'”"”. This may suggest that other radiological features are also

associated with recurrence.

OKC have various radiological characteristics on radiologic images'®*!->,

Radiographically, it is a unilocular lesion, but has septa of internal, shows a scallop or round
102122

appearance, grows along the jaw, and appears radiopaque by the keratin present inside

In addition, some cases show aggressive behavior such as cortical bone perforation and



tooth resorption®>?*. Imaging is a routinely used non-invasive diagnostic test that can be
confirmed prior to treatment and can be obtained more easily than histological examination,
so it is being used as useful information for lesion evaluation. However, few studies have
established prognostic factors based on detailed radiologic features. Therefore, in this study,
clinical factors and various radiologic features were analyzed to identify important factors
affecting recurrence of OKC.

Although OKC has a high recurrence rate is known as a lesion requiring long-term follow-
up, it is difficult to predict the prognosis at the time of primary diagnosis. If prognostic
factors can be identified and high-risk groups with the possibility of recurrence can be
identified, an appropriate treatment direction can be established, and recurrence can be
detected early through an appropriate follow-up plan. On the other hand, in the low-risk
group with a low probability of recurrence, unnecessary procedures can be reduced.
Therefore, this study aims to establish recurrence factors that affects the recurrence of OKC
through clinical and radiologic factors analysis, and to propose an effective imaging period

for recognizing recurrence.



II. MATERIALS AND METHODS

This study was approved by the Institutional Review Board (IRB) of Yonsei Dental
Hospital (No0.2-2022-0056) and performed in accordance with relevant guidelines and
ethical regulations. The IRB of Yonsei Dental Hospital granted a waiver of informed

consent form due to the retrospective nature of this study.

1. Study population

From January 2005 to December 2019, 506 patients who were histopathologically
diagnosed with OKC after post-operative at Yonsei University Dental Hospital were
extracted. The exclusion criteria are as follows; 1) patients diagnosed with nevoid basal cell
carcinoma syndrome (NBCCS) by genetic study, ii) recurrent patient who has been
diagnosed with OKC in another hospital and cannot confirm the initial record of the lesion
after surgery, iii) patients whose recurrence lesions is not OKC, iv) patients with a follow-
up of less than 6 months after treatment. The overall flowchart of the patient selection

criteria is shown in Figure 1.



Patients diagnosed with OKC
506

Chart and surgical record review

Exclusion 22 Exclusion 117
Patients diagnosed with Patients whose initial
Nevoid Basal Cell record of lesions
Carcinoma Syndrome cannot be confirmed
Exclusion 50 Exclusion 50
Patients whose Patients with a follow-up
Histopathologic diagnosis of less than 6 months
of recurrent lesions after treatment
is not OKC \{
Final study subjects 267
- Non-recurrence patients 199
- Recurrence patients 68

Figure 1. Flowchart of patient selection criteria. OKC, odontogenic keratocyst



2. Data collection and analysis

Only patients whose recurrent lesions were histopathologically diagnosed as OKC were
included. We retrospectively reviewed the records of 267 patients with continuous follow-
up. The recurrence status was divided into recurrence and non-recurrence. For recurrence
patients, the recurrence time was defined as the time from completion of initial treatment
to recurrence. In case non-recurrence patients, during the follow-up period, the recurrence
time was defined until the last hospital visit. In the case of patients who recurrence more

than twice, calculation was based on the time of the first recurrence.

2.1 Investigation of clinico-radiologic features
All feasible variables expected to be related with the prognosis were collected and to be
used for analysis. Variables were grossly categorized into clinical and radiologic factors.

All factors were presented in Table 1.



Table 1. Clinico-radiologic features investigated.

Clinical Features

Clinical information

- Age group (under 10s, 20s, 30s, 40s, 50s, over 60s)
- Sex (Male, Female)

Surgical information
* Pre-surgical imaging (MDCT, CBCT)
* Preliminary clinical diagnosis (Odontogenic keratocysts, Cyst, Tumor)

- Treatment method (Enucleation, Enucleation with decompression, Resection)

Radiologic Features

Periphery and shape

- Size (Small; <average size of overall lesions, Large; >average size of overall lesions)

- Appearance (Round, Scallop)
- Location (Ant Mx, Post Mx, Ant-post Mx, Ant Mn, Post Mn, Ant-post Mn)

Internal structure
- Septa (Absence, Presence)
- Keratin-like material (Absence, Presence)

- CT value (HU)

Surrounding structure

- Tooth resorption (Absence, Presence)

- Tooth displacement (Absence, Presence)

- Tooth inclusion within lesion (Absence, Presence)
- Cortical bone expansion (Absence, Presence),

- Cortical bone perforation (Absence, Presence)

MDCT, multidetector computed tomography;, CBCT, cone-beam computed tomography, ant,
anterior; post, posterior, Mx, maxilla; Mn, mandible



2.1.1 Clinical features

Clinical features were investigated through chart and surgical record review and classified
into patient information and surgical information. Patient information included a) age and
b) sex. The age groups were divided into under 10s, 20s, 30s, 40s, 50s, and over 60s. Sex
group were divided as male and female.

Surgical information was investigated as pre-surgical imaging modality for treatment
planning, preliminary clinical diagnosis, and treatment method. For the radiologic
examination, the prescription of the three-dimensional (3D) image, a) multidetector
computed tomography (MDCT) or b) cone-beam computed tomography (CBCT) taken for
the surgical planning was confirmed. The preliminary clinical diagnosis before surgery was
classified into a) odontogenic keratocyst, b) cyst, and c) benign tumor. Any type of cyst
other than OKC, such as aneurysm bone cyst, dentigerous cyst, periodontal cyst, radicular
cyst, residual cyst, and simple bone cyst, were included in the cyst. All tumor, including
ameloblastoma, fall into tumor category. The treatment methods were a) enucleation, b)

enucleation with decompression, and c) resection.



2.1.2 Radiologic features

The radiologic features were identified in CT images by consensus of 1 radiologist and 1
post-graduate student for the following aspects; periphery and shape, internal structure, and
influence on surrounding structure. For periphery and shape, a) size, b) appearance and ¢)
location of the lesion were investigated. To estimate the size of the lesion, axial view
showing the largest area of the lesion were selected. Then, the diameters of the lesion along
the arch axis (mesial-to-distal) and arch width (bucco-lingual) were measured using digital
caliper of PACS viewer (Tae-Young soft, Gyeonggi-do, Republic of Korea). The lesion area
was obtained by calculating the size of each measured lesion. The lesion size was divided
into small and large groups based on the average value of total lesion areas. The appearance
of lesion was evaluated as round or scallop by. The appearance of lesion was evaluated as

round or scallop by viewing all cross-sections of the CT image.

a) Size b) Appearance

Arch axis Arch width ' \ Scallop

Figure 2. The radiologic features of periphery and shape in computed tomographic image.
a) size measurement of the lesion in arch axis and width, b) appearance of the lesion as

round or scallop.



An example image of the size and appearance of lesion is in Figure 2. The location of
lesion was divided into the following 6 regions; anterior, posterior, and anteroposterior of

maxilla; anterior, posterior, anteroposterior of mandible.

For the internal structure, a) presence of septa, b) presence of keratin-like material and c)
CT value were investigated (Figure 3). For both septa and keratin-like material, all axial
sections of image were reviewed and classified as presence or absence. The CT value was
acquired only when the choice of pre-surgical imaging was MDCT. The measured area of
the CT value was measured by the red dotted line in Figure 3c. The value was obtained

from the same image where the size of the lesion was measured.

a) Septa ¢) CT value

b) Keratin-like material

Figure 3. The radiologic features of internal structure in CT image. The representative
image of a) presence of septa, b) presence of keratin-like material. c) CT value
measurement in Hounsfield Unit. The red dotted line represents the area where the CT value

was measured.
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The influence of surrounding structures was as followed; a) tooth resorption, b) tooth
displacement, c¢) tooth inclusion within by the lesion, d) cortical bone expansion and e)
cortical bone perforation (Figure 4). The tooth resorption and displacement were all defined
as presence or absence. The tooth inclusion within the lesion was determined as presence
when the lesion completely encasing the tooth. For cortical bone expansion, it was
determined as presence when if there was either buccal, lingual or both sides of cortical
bone expansion. The cortical bone perforation was also determined as any part of cortical

perforation was observed, it was indicated as present.

¢) Tooth inclusion
within lesion

a) Tooth resorption b) Tooth displacement

e) Perforation d) Expansion

Figure 4. The influence of surrounding structures. a) tooth resorption, b) tooth displacement,
¢) tooth inclusion within lesion, d) expansion, ¢) perforation. Rad arrows to the expansion,

and perforation portions.
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3. Statistical analysis

A cox proportional hazards model was performed to determine the prognostic factors
associated with recurrence. In addition, the probability of recurrence according to the
prognostic factors was confirmed through the relative hazards ratio (HR). The HR is the
risk of recurrence in the presence of prognostic factor compared to the absence of the factor.
If HR 1is greater than 1.0, the risk of recurrence of the lesion with the prognostic factors is
increased, while if HR is less than 1.0, the risk is decreased.

In the univariable analysis, the unadjusted HR ratio is presented without correction of the
interaction effects of each factor. In the multivariate analysis, the adjusted HR is suggested,
which can identify the intrinsic influence of each factor that have corrected the mutual
influence of each other. The statistical analysis methods used in the study is described in

Figure 5.

Univariable Multivariable Kaplan-Meier curve
Feature collection
analysis analysis Log-rank test
Factol

+ Clinical features Sfaciorat——— 0 | _ - Probabilty of
» Radiologic features > hactorB seeeasy ! s recurrence
g « Factor C i I':u';lnr s | Recurr .

- Factor D* = « Follow-up interval

T o decision

Figure 5. Statistical flow for identifying the prognostic factor and assess recurrent rate

according to the factor.
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3.1 Prognostic factor determination and risk assessment

The univariable cox regression analysis was performed to identify important factors for
the recurrence. For this step, the significance level was set as p-value<0.1, because the
commonly used significance level (p-value < 0.05) may cause omission of factors which
are clinically important. For this reason, the significance level was set less strictly at p-
value <0.1.

After selection of significant factors from the univariable cox regression, multiple cox
regression was conducted since recurrence is caused by several correlated factors. With the
multiple cox regression analysis, models are estimated according to the number and
combination of factor, and the variable selection proceeds by adding or removing factors.
For this study, the final multiple cox regression model was constructed using backward
elimination, which is a method of sequentially removing factors with high significance
probability. The significance level of the multiple cox regression model was set as p-value
<0.05.

The cox proportional hazards model constructs the model as the HR in the absence of
prognostic factors and the HR in the presence of prognostic factors. It is assumed that this
HR is always constant with respect to time, called the ‘proportionality assumption.” The
cox proportional hazard model is established only when the proportionality assumption is
satisfied. In this study, the observed-expected plot and the Schoenfeld residuals plot were
performed to prove the proportionality assumption of the established cox proportional

hazards model.

13



3.2 Recurrent rate assessment

Using the Kaplan-Meier curve and log-rank test, the difference in recurrence rate
according to the significant prognostic factors was confirmed, and the recurrence period is
presented by identifying the time when the most recurrence occurs according to each factor.
Statistical analyses were conducted in R Studio (version 4.2.1, R Foundation for Statistical

Computing, Vienna, Austria).

14



Ill. RESULTS

1. General information

A total of 267 patients were analyzed; 199 non-recurrence patients (74.53%), and 68
recurrence patients (25.47%). The average patient follow-up period was 4.36 years (range:
0.58-17.75 years). The patients with recurrence more than twice is 15. There were 14
patients who relapsed 2 times, and 1 patient had recurrence of 3 times. Recurrence occurred
in 32 patients (11.9%) within 5 years, in 28 patients (10.4%) within 10 years, and in 8
patients (2.9%) within 15 years.

The average age of patients was 32.25 years and the range was 7 to 86 years. The OKC
patients was the highest in the 20s group. The OKC occurred in 133 males (49.81%) and

134 females (50.19%) (Figure 6).

Non-recurrence [l Recurrence}

60 140

"’ - i E

100
40

80
30
60

20

40
10 I o
. . m BN

Under 10s 0s 40s 50s Over 60s Male Female
Age group b Sex group

Number of patient

Figure 6. General information of patient information.
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For pre-surgical imaging modality, 45 CBCT (16.85%) and 222 MDCT (83.15%) images

were obtained. The preliminary clinical diagnosis was confirmed in the order of OKC

(n=179, 67.04%), cyst (n=77, 28.84%), and tumor (n=11, 4.12%). The treatment methods

were performed in the order of enucleation (n=166, 62.17%), enucleation with

decompression (n=95, 35.58%), and resection (n=6, 2.25%). General information on

surgical information for non- recurrence and recurrence patients is presented in Table 2.

Table 2. General information according to pre-surgical imaging, preliminary clinical

diagnosis and treatment method.

Surgical information, N (%) Non-recurrence Recurrence Total
MDCT 165 (7432)  57(25.68)  222(100)
Pre-surgical imaging
CBCT 34 (75.56) 11 (24.44) 45 (100)
OKC 128 (71.51)  51(28.49) 179 (100)
Preliminary clinical diagnosis Cyst 62 (80.52) 15 (19.48) 77 (100)
Tumor 9 (81.82) 2(18.18)  11(100)
Enucleation 128 (77.11) 38 (22.89) 166 (100)
Treatment method dEnudea“"n.W“h 65(68.42)  30(31.58) 95 (100)
ecompression
Resection 6 (100) 0 (0.00) 6 (100)

MDCT, multidetector computed tomography; CBCT, cone-beam computed tomography, OKC,

odontogenic Keratocyst

16



The average size measured in 3D images of all patients 511.06 mm? (range: 68.31-6272.15

mm?). The non- recurrence patients were 531.45 mm? (range: 68.31-6272.15 mm?), and

recurrence patients were 452.18 (range: 106.86-1881.60 mm?). The categorized size was

described in the Table3. The appearance of the lesion was more round (n=194, 72.66%)

than scallop (n=73, 27.34%).

Table 3. General information about the size and appearance of the periphery and shape.

Radiologic features, N (%) Non-recurrence Recurrence Total
Small 130 (72.63) 49 (27.37) 179 (100)
Size
Large 69 (78.41) 19(21.59) 88 (100)
Round 155 (79.90) 39(20.10) 194 (100)
Appearance
Scallop 44 (60.27) 29(39.73) 73 (100)

17



For location of lesion, mandible posterior (n=166, 62.17%), maxilla posterior (n=64,
23.97%), mandible anteroposterior (n=16, 5.99%), mandible anterior (n=8, 3.00%),

maxilla anterior (n=7, 2.62%), maxilla anteroposterior (n=6, 2.25%) was the most common

(Figure 7).

180

Non-recurrence 'ECU]’IEI}CG

160
140
120
100

80

o iz

40

Number of patient

20 5
2 3 1 —

Ant Mx Post Mx Ant-post Mx  Ant Mn Post Mn  Ant-post Mn
Location of lesion
Figure 7. Incident of odontogenic keratocyst according to the location. ant, anterior; post,

posterior; Mx, maxilla;, Mn, mandible
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The septa were absence (n=243, 91.01%) more frequently than presence (n=24, 8.99%).
In the case of keratin-like material, there were more cases with keratin-like material inside
the lesion (n=139, 66.19%) than that without keratin-like material (n=71, 33.81%). The
details of septa and keratin-like material are summarized in the Table 4. The average CT
value measured in 210 MDCTs was 37.03HU (range: 0.754-149.698HU) (Table 5). The 57
patients with difficulties in evaluating keratin-like material and measuring CT value were

excluded.

Table 4. General information about the septa and keratin-like material of the internal

structure.
Radiologic features, N (%) Non-recurrence Recurrence Total
Absence 188 (77.37) 55(26.63) 243 (100)
Septa
Presence 11 (45.83) 13(54.17) 24 (100)
Absence 107 (76.98) 32(23.02) 139 (100)
Keratin-like material (n=210)
Presence 48 (67.61) 23(32.39) 71 (100)

Table 5. The CT value of the lesion measured in the 3D image (n=210).

CT value (HU) Non-recurrence Recurrence Total
Average value 36.83 37.60 37.03
Minimum-maximum value 2.92-149.70 0.75-80.28 0.75-149.70

19



There were more teeth that were resorption (n=256, 95.88%) than those that had not

resorption (n=11, 4.12%). Also, there were more teeth that were not displacement (n=190,

71.16%) than those that tooth displacement (n=77, 28.84%). There was more without teeth

inside the lesion (n=170, 63.67%) than with teeth inside the lesion (n=97, 36.33%). There

were more cases without expansion (n=165, 61.80%) than with expansion (n=102, 38.20%)

of the lesion. There were more cases without perforation (n=249, 93.26%) than perforation

(n=18, 6.74%) of the cortical bone surrounding the lesion. The characteristics of the

surrounding structure of the lesion are listed in Table 6.

Table 6. General information according to the surrounding structure of radiologic features.

Radiologic features, N (%) Non-recurrence Recurrence Total

Absence 191 (74.61) 65(25.39) 256 (100)
Tooth resorption

Presence 8 (72.73) 3(27.27) 11 (100)

Absence 144 (75.79) 46 (24.21) 190 (100)
Tooth displacement

Presence 55 (71.43) 22(28.57) 77 (100)

Absence 123 (72.35) 47 (27.65) 170 (100)
Tooth inclusion within lesion

Presence 76 (78.35) 21 (21.65) 97 (100)

Absence 120 (72.73) 45(27.27) 165 (100)
Cortical bone expansion

Presence 79 (77.45) 23(22.55) 102 (100)

Absence 187 (75.10) 62 (24.90) 249 (100)
Cortical bone perforation

Presence 12 (66.67) 6(33.33)  18(100)

20



2. Prognostic factor determination and risk assessment

2.1 Prognostic factor selection

As a result of univariable analysis, the factors significantly influencing recurrence were
pre-surgical imaging, size, appearance, location, and septa. On pre-surgical imaging, the
risk of recurrence was 1.82 times (p=0.072) higher in CBCT than in MDCT, and 0.56 times
(p=0.037) lower in lesion size large. The risk of recurrence was 1.58 times (p=0.065) higher
when the appearance of the lesion was scallop compared to the round. The HR of lesion
location; Ant Mx 10.20 (p=0.003), Post Mx 0.64 (p=0.172), Ant-post Mx 1.00 (p=0.996),
Ant Mn 1.97 (p=0.057), Ant-post 0.89 (p=0.809). The risk of recurrence was 5.14 times
(p=0.000) higher when septa is presence rather than absence. The results of univariable

analysis of all factors are presented in Table 7.
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Table 7. Results of univariable cox regression analysis.

Prognostic factors Unadjusted HR (95% CI) P-value

Clinical feature - Clinical information

Under 10s Ref
10s 0.88 (0.20-3.89) 0.870
20s 0.84 (0.20-3.62) 0.820
Age group 30s 0.95 (0.21-4.22) 0.940
40s 0.89 (0.19-4.23) 0.880
50s 0.41 (0.07-2.51) 0.340
Over 60s 0.88 (0.17-4.57) 0.880
Male Ref
Sex
Female 0.81 (0.49-1.32) 0.387
Clinical feature - Surgical information
. . MDCT Ref
Pre-surgical imaging .
CBCT 1.82 (0.95-3.50) 0.072
OKC Ref
Preliminary clinical diagnosis Cyst 1.07 (0.60-1.91) 0.810
Tumor 0.54 (0.13-2.23) 0.400
Enucleation Ref
Enucleation with
Treatment method 4 . 1.49 (0.92-2.43) 0.110
ccompression
Resection 0.00 (0.00-0.00) 1.000
Radiologic feature - Periphery and shape
: 5 Small Ref
Size (mm”) "
Large 0.56 (0.32-0.96) 0.037
Round Ref
Appearance .
Scallop 1.58 (0.97-2.57) 0.065
Post Mn Ref
Ant Mx 10.20 (0.98-2.19) 0.003"
, Post Mx 0.64 (1.56-0.34) 0.172
Location
Ant-post Mx 1.00 (1.00-0.30) 0.996
Ant Mn 1.97 (0.51-0.27) 0.507
Ant-post Mn 0.89 (1.12-0.35) 0.809
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Radiologic feature - Internal structure

Absence Ref
Septa "
Presence 5.14 (2.67-9.88) 0.000
o ) Absence Ref
Keratin-like material
Presence 1.29 (0.75-2.23) 0.360
CT value (HU) 1.00 (0.99-1.01) 0.960
Radiologic feature — Surrounding structure
. Absence Ref
Tooth resorption
Presence 1.11 (0.35-3.56) 0.858
) Absence Ref
Tooth displacement
Presence 1.02 (0.61-1.71) 0.941
) ) o ] Absence Ref
Tooth inclusion within lesion
Presence 1.45 (0.86-2.46) 0.167
Absence Ref
Cortical bone expansion
Presence 0.90 (0.54-1.49) 0.684
) ) Absence Ref
Cortical bone perforation
Presence 1.29 (0.56-3.01) 0.549

*Statistically significant difference at p <0.1.

HR, relative hazards ratio; CI, confidence interval; MDCT, multidetector computed tomography;
CBCT, cone-beam computed tomography, OKC, odontogenic Keratocyst; Ant, anterior; Post,
posterior; Mx, maxilla; Mn, mandible
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2.2 Determination of factors and risk assessment

Multivariable analysis was performed with 5 important factors in univariable analysis,
and the final model using backward elimination included the size and septa factors. The
final multiple cox regression model was statistically significant with a p-value of 0.038.
When the size of the lesion was large, the adjusted HR was 0.52 (p=0.020) indicating
recurrence risk of small lesion is 1.92 times higher than large lesion. The risk of recurrence
was 5.61 times higher when the septa was present than when it was not present. The final

multiple cox regression model results are presented in Figure 8.

Prognostic factors Adjusted HR (95% CI) P-value
Size .

Small -

Large - 0.52 (0.30-0.90) 0.020*
Septa |

Absence -

Presence - 5.61 (2.90-10.84) <0.001"

| T T T T 1 ]
0.3 08 101318 29 56 11.0

Figure 8. Results of multiple cox regression analysis. If it is greater than the 1.0 (rad dotted
line), the risk of recurrence increases, and less than 1.0, the risk decreases.

*Statistically significant difference at p < 0.05. HR, relative hazards ratio; CI, confidence interval
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2.3 Proportional hazard assumption

In the observed-expected plot, it was confirmed that the proportional hazard assumption
was satisfied as the observed line follows the expected lines with high similarity (Figure
9). Therefore, as there is no noticeable difference between the observed and expected lines,
the proportional hazards assumption was satisfied. The proportional hazard assumption was
also confirmed to be satisfied as a result of the Schoenfeld residuals plot showing the
proportionality assumption is satisfied with p-value>0.05. In the plot, the assumptions were
satisfied with a p-value of 0.24 for size and 0.13 for septa factors. Therefore, the final cox

proportional hazards model used in this study can be used.
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Observed-expected plot
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Figure 9. Observed-expected plot of the prognostic factor is confirmed the satisfaction of
the proportional hazard assumption. The expected line (color) is described as similar to the
overserved line (black dotted). (A) The plot related to size factor (B) The plot related to

septa factor. Blue line; small, absence of septa. Red line; large, presence of septa.
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Figure 10. Schoenfeld residuals plot of the prognostic factor shows the proportional hazard

assumption is satisfied (p >0.05). (A) The plot of size factor, (B) The plot of septa factor.
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3. Recurrent rate assessment

The Kaplan-Meier curve was derived to analyze the effect on the probability of
recurrence according to the identified prognostic factors size and septa (Figure 11,12).
Large size of lesion showed low recurrence compared to the small size lesion and the
difference was a statistically significant the log-rank test result (p=0.046). When the
recurrence rate drops below 50%; 8 years for small lesion and 10 years for large lesion after

the surgery as shown in Figure 11.

Size =+ Small == Large

100+

~J
)]

[8)]
o

Probability of recurrence (%)

N
(&3]

o

{ P-value for log-rank test: 0.046

0123456;8 o 10 11 12 13
Time (years)
Figure 11. Kaplan-Meier curve and log-rank test of size factor shows the cumulative risk
of the lesion is significantly higher in small lesion compared to the large lesion. The
recurrence occurs with shorter interval after the surgery in small lesion compared to the
large lesion with statistical difference (p < 0.05). The dotted line indicates the time point

when the recurrence rate is 50%.
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In the case of the septa factor, it was confirmed that the probability of recurrence was
higher when septa was present than absent, and the difference was statistically significant
(p<0.001). It was found that the risk of recurrence increased sharply with time when septa
was present than absent (Figure 12). The recurrence rate dropped to 50% at 5 years in

presence of septa and 9 years in absence of septa.

Septa == Absence == Presence

1001

~
(&)1

(&)
o

N
[&)]

Probability of recurrence (%)

o

{P-value for log-rank test: <0.001

0 1 ?_ 3 4 5 6 7 8 9 IIO 11 1.2 l 3
Time (years)
Figure 12. Kaplan-Meier curve and log-rank test of septa factor shows the cumulative risk
according to the present (blue line) or absent (red line) of septa. The recurrence occurs more
quickly after the surgery when septa is present than absent and the difference is significant
(p < 0.05). For the lesion with septa shows drastic drops of curve during 3 to 7 years
indicating high frequency of recurrence. The dotted line indicates the time point when the

recurrence rate is 50%.
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IV. DISCUSSION

OKC is a relatively common cystic lesion with high recurrence in maxillofacial region
67, Although many researchers tried to elucidate definitive recurrence factor, there has been
no study yet to confirm the prognostic factor for recurrence clearly*"'°. Also, the study about
the detailed radiologic feature associated with the OKC recurrence was scarce. This study
has significant meaning that the various radiologic features were investigated to find
prognostic factor of OKC recurrence. In addition, this study suggests an appropriate follow-
up interval by analyzing the probability of recurrence with the prognostic factors. It is
significant that this study provided analytical evidence for the follow-up interval, which
has been determined by clinician’s experience previously.

The recurrence rate of OKC has been reported as widely varied from 7.4 to 58.3% *13.
The current study showed recurrence rate of 25.47% during an average follow-up period
of 52.28 months. The previous study conducted on the largest sample number (n=351) also
reported similar values of recurrence rate, 19.47%". The current study was also based on
the large sample size (n=565) comparable to the previous study, thus, it would be
considered to present sufficient reliability for the recurrence study.

The meaningful result of the current study was that the lesion with septa showed
significantly higher (5.62 times) recurrence rate compared to that without septa. As far as
we know, the study about presence of septa of the OKC was first studied as a prognostic

factor in this study. Yet, a few previous studies mentioned locularity of the lesion either
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unilocular or multilocular, which can be considered as similar factor as septa in this
study’®!314_ Their studies were consistent with the current study as they reported the
multilocular lesion showed high recurrence rate compared to the unilocular lesion. In this
study, authors found that most of the lesion showing multilocular pattern in panoramic
radiography were actually unilocular with open septation in CT image. Thus, we considered
it would be more precise to define such feature as presence of septa, rather than multilocular.
As such, it can be confirmed that the more irregular the internal structure of the lesion, the
higher the risk of recurrence.

One of the other prognostic factors shown in this study was size of the lesion. There were

781314 However, the result was

many researches on the lesion size and recurrent rate
different from the current study. In previous studies, the larger the lesion, the higher the
risk of recurrence’®!>!4, In the current study, large sized lesion showed 0.52 times lower
recurrence rate compared to the small sized lesion. This was probably due to the different
measurement method and imaging modality according to the individual study design. All
previous studies were measured the lesion based on panoramic images’®!>!4, Also, some
of them measured only the major axis of the lesion”!®, Considering magnification and
distortion of the panoramic radiography, the precise lesion size cannot be obtained.
Meanwhile, the size measurement of the current study cannot be assumed as highly precise
although it was measured in 3D image, since the size was measured by multiplying axis

and width in one slice of the image. Thus, further study using sophisticated size

measurement system should be conducted to result this controversial result. Based on the
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result of the present study only, the size cannot be considered as definitive prognostic factor.

When the interactions among individual features was not adjusted, the univariate
analysis, the modality of the pre-surgical imaging and the location of the lesion were also
found to be factors related to recurrence. One of them, the pre-surgical imaging factor,
showed that the probability of recurrence was higher when using CBCT than MDCT during
the diagnosing lesions. This can be explained as the clinician may tend to choose MDCT
over CBCT when the lesion shows more complex internal structures presenting aggressive
impression. The complex internal structure, the presence of septa was shown to be
correlated with high recurrence rate, as described above. It can be assumed that appearance,
specifically scalloping shape, also closely related with presence of septa within the lesion.
In the current study, the risk of recurrence was 1.58 times higher in the scallop than in the
round. The lesion with septa has tendency to show scalloping border shape rather than
simple round border. As a recurrence factor, the factor according to the border shape was
also studied in advance. For the location of the lesion, several previous literatures reported
that it is significant factor related with recurrence of OKC*'!. In previous studies, it was
mentioned that deep area within the maxillofacial bone are closely related to the probability
of recurrence due to difficult surgical approach due to imperfect resection of the root and
the presence of the in posterior mandible®*. In the current study, the anterior maxilla was
the significant factor with 10.2 times high recurrence risk compared to the posterior
mandible, where OKC mostly occur. The anterior maxilla is an area that is easily accessible

during the surgery, which is contrary to the previous literature that recurrence would be
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related with the areas that are difficult to access. This is probably because extremely small
samples of anterior maxilla case were included in the current study. It is thought that the
location was not included in the final prognostic factor through multivariate analysis
because of the bias caused by the non-uniform sample distribution.

This study showed that when lesion shows septa, which is the definitive factor of high
recurrence, the probability of recurrence changed drastically between 3 and 7 years after
the surgery. Although the last recurrent lesion was presented at 8 years after the surgery in
the lesion with septa, in terms of the overall recurrent lesions, recurrent occurred even after
10 years of follow-up in 8 patients (11.76%). This was consistent with the previous study
that reported recurrence of OKC within 5-7 years after the surgery, and the recurrent also
occurred after 10 years8,14. This suggests that follow-up should be conducted with a focus
on 5-7 years after treatment, specifically when the primary lesion had septa within it. Also,
check-up examination would be required with wide interval after the 10 years post-
operatively.

The limitation of this study is that it is conducted in a single-center, so it is difficult to
generalize. However, since it was performed at a single-center, standardized follow-up in
relation to surgical methods and pre-surgical imaging test was possible, so consistent data
could be obtained when collecting radiographic features. Moreover, compared to previous
studies, it is a study conducted over a long period of time with a relatively large number of
patients, and it can be helpful as prognostic factors that can be referenced when setting up

a treatment method and follow-up plan for OKC.
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V. CONCLUSION

During the maximum period of 18 years of follow-up in this study, the recurrence of the
OKC was shown in 25.47% of the total subjects of 267 cases. When the interactions of
individual factors were not adjusted, the following features were shown to influence for the
recurrence of OKC; the modality of pre-srugical imaging, the lesion size, the location, the
appearance and the septa wihtin the lesion. Among them, as the interaction between factors
were adjusted, the size of the lesion and the septation were finally determined as the
prognostic factor influencing the OKC recurrence. Careful radiologic analysis is required
during the treament planning stage since both prognositc factors can be confirmed thorugh
the CT examination. In specific, presence of septation within the lesion should be evaluated
precisely as the recurrence rate was about 5.6 times higher when the lesion shows septa.
The recurrence rate increases significantly during 3-7 years after surgery. Therefore,

follow-up evaluation should be more focused on within 7 years from the initial treatment.
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