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Abstract

Background: Few models about the personalized prognosis evaluation of buccal mucosa cancer (BMC) patients
were reported. We aimed to establish predictive models to forecast the prognosis of BMC patients.

Methods: The complete clinicopathological information of BMC patients from the surveillance, epidemiology and
end results program was collected and reviewed retrospectively. Two nomograms were established and validated to
predict long-term overall survival (OS) and cancer-specific survival (CSS) of BMC patients based on multivariate Cox
regression survival analysis.

Results: 1155 patients were included. 693 and 462 patients were distributed into modeling and validation groups
with 6:4 split-ratio via a random split-sample method. Based on the survival analysis, independent prognostic risk
factors (variables that can be used to estimate disease recovery and relapse chance) influencing OS and CSS were
obtained to establish nomograms. Then, we divided the modeling group into high- and low-risk cohorts. The low-risk
cohort had improved OS and CSS compared to the high-risk cohort, which was statistically significant after the Log-
rank test (p <0.05). Furthermore, we used the concordance index (C-index), calibration curve to validate the nomo-
grams, showing high accuracy. The decision curve analyses (DCA) revealed that the nomograms had evident clinical
value.

Conclusions: We constructed two credible nomogram models, which would give the surgeons reference to provide
an individualized assessment of BMC patients.
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Background
Oral squamous cell carcinoma (OSCC) ranks sixth
among all the cancer categories [1]. OSCC mainly

*Correspondence: weijianhuaprof@163.com; florian.thieringer@usb.ch

Fengze Wang, Jiao Wen and Shuaishuai Cao have contributed equally to includes tongue, buccal, floor of mouth, hard and soft
this work. palate cancers [2, 3]. Frequently, BMC accounts for the
State Key Laboratory ofM\I\tary Stomatology aerlNat\onaICI\mca\ second or third proportion of OSCC, espeaally among
Research Center for Oral Diseases and Shaanxi Clinical Research Center h lati ¢ h . he habi £
for Oral Diseases, Department of Oral and Maxillofacial Surgery, School the population o Southeast Asia due to the habit o
of Stomatology, The Fourth Military Medical University, Xi‘an, China chewing betel quid [1]. The buccal mucosa is adjacent
MIRA;LE Smart Implants Qoup, Department of Biomedical Engineering, to bone, skin and mastication muscles, leadlng to early
University of Basel, Allschwil, Switzerland . | £ th . . Thi

Full list of author information is available at the end of the article involvement of these sites in BMC. 1s pattern con-

tributes to a large percentage of BMC being categorized

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-6505-4008
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-022-02147-9&domain=pdf

Wang et al. BMC Oral Health (2022) 22:138

as T4 stage [4, 5]. In almost all studies the prognosis of
buccal cancer is poor because of its aggressive tumor
behavior and high local recurrence rate. However, com-
pared with other oral cancers, few studies comprehen-
sively evaluate the prognosis of patients with BMC [6].
Generally, most researches assess how different BMC
characteristics and treatment influence the prognosis
of patients with BMC [7]. Numerous researches have
reported the prognosis of the general OSCC [8]. How-
ever, few studies regarding BMC patients’ prognosis were
documented. Thus, more emphasis should be laid on the
prognosis research of patients with BMC.

National Comprehensive Cancer Network (NCCN)
clinical guideline suggests assessing the prognosis of
OSCC patients via the 7th American Joint Committee on
Cancer (AJCC) Staging Manual merely based on TNM
staging [9]. However, other relevant clinicopathologi-
cal parameters also influence the prognosis of the BMC
patients such as age, tumor size, tumor thickness, neck
nodal metastasis, surgical margin, and grade [10, 11].
Hence, taking the relevant factors into account would
provide an accurate prediction of the prognosis of BMC
patients. The OS and CSS nomogram is a novel tool to
predict the personalized prognosis evaluation.

Nomogram can transform the independent risk factors
from Cox regression survival analysis into visual graph-
ics [12], which was widely applied to conduct personal-
ized prognosis evaluation including prostate cancer [13],
pulmonary adenocarcinoma [14], oral squamous cell
carcinoma [15], oropharyngeal squamous cell carcinoma
[16]. Most importantly, the 8th version of the AJCC
staging manual recommended that the future version
would embrace the nomogram to realize the pursuit of
personalized medicine [17]. We sought to establish two
nomograms forecasting long-term OS and CSS of the
BMC patients by integrating diverse prognostic variables
obtained from the Kaplan—Meier and Cox regression
model.

Methods

Patients’ characteristics and survival analysis

The study was approved by the Ethic Committee of
Stomatological Hospital of the Fourth Military Medi-
cal University (Approval number: IRB-REV-2020059).
We collected the detailed clinicopathological informa-
tion of 1155 patients with buccal cancer, from the years
2004-2013, from the SEER database: http://seer.cancer.
gov. The inclusion criteria were as follows: clear tumor
location; detailed clinicopathological information and
active OS and CSS follow-up data. Data collected from
death certificate or autopsy was excluded. 1155 BMC
patients’ detailed information was collected from the
SEER database including age, sex, race, origin, grade,
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surgery, radiation, T stage, N stage, M stage, OS, CSS and
survival time (Table 1). The original variable included
non-spanish-hispanic-latino and spanish-hispanic-latino.
The meanings of grade I, II, III, IV were well differenti-
ated, moderately differentiated, poorly differentiated and
undifferentiated respectively. Based on SAS variables
“sur_time_mon’, “STAT_REC”, “VSRTSADX” in the SEER
database, we obtained patients’ OS, CSS and survival
time information. The OS duration time was determined
as the period from the diagnosis to death or the last fol-
low-up time. However, CSS focused on the death caused
by BMC only.

According to the random split-sample method, we
divided the patients into modeling group (n=693) and
validation group (n=462). Based on the modeling group,
we conduct the univariate OS and CSS analysis and log-
rank test firstly. The variables with statistical significance
were incorporated into the multivariate Cox regression
model to determine the final independent prognostic risk
indicators secondly via SPSS 21.0 software for windows
[18]. Two-side p value was applied and p <0.05 was con-
sidered statistically significant.

Nomogram construction and risk classification

We integrated all the independent prognostic risk factors
to construct the nomogram through the “rms” package
of the R. 3.2.4 software, which can transform the clinico-
pathological information into linear graphs. In the graph,
every indicator axis was assigned a corresponding score
according to every single patient’s information. Thus,
each patient’s total scores were calculated and the mode-
ling group’s patients were divided into high- and low-risk
cohorts according to cut-off value via R survminer and
maxstat packages. We compared the OS and CSS of the
above two cohorts via Kaplan—Meier and Log-rank tests.

Nomogram validation
We used 1000 resamples bootstrapping and ten-fold
cross-validation method to conduct internal and exter-
nal validation [12]. C-index and calibration curves were
applied to evaluate the accuracy of the nomogram model.
The calibration curves included two main lines: the
45-degree reference line and the actual line. The distance
between the above two lines reflected the precision of the
model. Moreover, decision curves were plotted to mirror
the clinical value of the predicted nomogram model. In
the decision curve, the abscissa and ordinate represented
the threshold probability and net benefit respectively. The
horizontal line and oblique line indicated that all samples
were negative and positive accordingly, corresponding to
a different net benefit.

The C-index, calibration curve and decision curve were

realized using “Hmisc’, “rms” and “stdca.R” packages.
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Table 1 Patients'detailed data Results
Variables Modeling group (n=693) Validation group Patients’ characteristics and survival analysis
(n=462) 693 and 462 patients were assigned into the modeling
n % n % and validation groups, applying the random split-sample
method with 6:4 split-ratio. In the modeling group, 379
Age were male and 530 patients were white. 61 patients’ origin
<35 21 30 14 30 was Spanish-Hispanic-Latino. In addition, 367 and 211
36-45 51 74 37 80 patients had moderate and well differentiated buccal car-
46-55 124 17.9 80 173 cinomas respectively. Of these modeling group, 585 and
56-65 156 225 9 208 335 patients received surgery and radiotherapy respec-
66-75 162 234 107 232 tively. What’s more, patients with T1-T2 stage accounted
76-85 120 173 93 20,1 for 72.5%. The proportion of patients with N1-3 stage and
85+ 59 85 35 7.6 M1 stage was 33.8% and 1.9% respectively. Also, the sta-
Sex tistic for the validation group were given in Table 1.
Male 379 547 251 54.3 The modeling and validation groups’ median follow-up
Female 314 453 217 457 times were 24 months (0-119 months) and 23 months
Race (0—119 months) respectively. In the modeling group, 277
White 530 76.5 354 76.6 patients died in the latest follow-up. 202 patients died
Black 67 97 38 82 of BMC. In addition, 75 patients died of other reasons
Others % 139 70 152 rather than BMC.
Origin Among the modeling group, the Kaplan—Meier uni-
NSHL 632 912 424 9138 variate survival analysis showed that age, race, grade,
SHL 61 88 38 8.2 surgery, radiation, T stage, N stage and M stage were
Grade related elements affecting OS (p<0.05). Cox multivari-
\ 211 304 140 303 ate regression analysis revealed that age, grade, surgery, T
[ 367 53.0 240 519 stage and N stage were independent prognostic risk fac-
i 112 16.2 77 16.7 tors (p<0.05). Moreover, about CSS analysis, age, grade,
\Y 3 04 5 1.1 surgery, T stage, N stage and M stage were independent
Surgery prognostic risk factors after Kaplan—Meier and Cox mul-
Performed 585 844 394 853 tivariate regression analysis. The detailed statistical data
None 108 156 68 147 was shown in Tables 2 and 3.
Radiation
Yes 335 483 225 48.7 Nomogram construction and risk classification
No 358 517 237 513 We incorporated the above OS- and CSS-relevant prog-
Tstage nostic risk factors to construct the nomograms, which
m 272 39.2 170 368 was shown in Fig. 1. Based on the scores calculated
I 231 333 160 346 according to nomograms, we obtained the cut-off val-
T3 87 126 48 104 ues to divide the patients into high- and low-risk parts.
T4 103 149 84 18.2 The cut-off values regarding OS and CSS were 73 and 58
Nstage respectively. The survival curves were shown in Fig. 2.
NO 459 66.2 313 67.7
NT 101 146 ol 13:2 Nomogram validation
N2 129 186 8 186 The C-indexes of OS and CSS in internal validation
N3 N 06 2 04 were 0.782 (95% CI: 0.756-0.808) and 0.793 (95% ClI:
Mstage 0.763-0.823) respectively. External validation showed
Mo 680 %81 a4 %83 that the C-indexes of OS and CSS were 0.784 (95% CI:
M 3 19 8 "7 0.754-0.814) and 0.785 (95% CI: 0.751-0.817), respec-
NSHL: Non-Spanish-Hispanic-Latino. SHL: Spanish-Hispanic-Latino. Grade I: tively. All the C-indexes were higher than 0.7, indi-

Well differentiated. Il: Moderately differentiated. lll: Poorly differentiated. IV:

Undifferentiated cating excellent consistency. What’s more, OS and
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Table 2 OS analysis in modeling group
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Table 3 CSS analysis in modeling group

Variables Univariate analysis Multivariate analysis Variables Univariate analysis Multivariate analysis

p Value HR(95% Cl) p Value p Value HR(95% Cl) p Value
Age <0.001 <0.001 Age <0.001 <0.001
<35 0.110(0.034-0.363) <0.001 <35 0.239(0.070-0.825) 0.023
36-45 0.189(0.099-0.360) <0.001 36-45 0.378(0.187-0.762) 0.007
46-55 0.263(0.165-0.418) <0.001 46-55 0.467(0.266-0.821) 0.008
56-65 0.307(0.199-0.474) <0.001 56-65 0.470(0.269-0.821) 0.008
66-75 0.418(0.280-0.623) <0.001 66-75 0.718(0.430-1.200) 0.206
76-85 0.525(0.349-0.791) 0.002 76-85 0.704(0.411-1.205) 0.201
85+ Reference 85+ Reference
Race <0.001 0.791 Grade <0.001 <0.001
White | 0.040(0.009-0.185) <0.001
Black I 0.044(0.010-0.200) <0.001
Others Il 0.058(0.013-0.265) <0.001
Grade <0.001 <0.001 % Reference
I 0.048(0.011-0.212) <0.001 Surgery <0.001 <0.001
Il 0.054(0.012-0.236) <0.001 Performed Reference
Il 0.072(0.016-0.317) 0.001 None 2.560(1.780-3.681) <0.001
Y Reference Radiation <0.001 0.296
Surgery <0.001 <0.001 Yes
Performed Reference No
None 2.549(1.842-3.528) <0.001 T stage <0.001 0.001
Radiation <0.001 0.276 T 0.421(0.260-0.680) <0.001
Yes T2 0.596(0.398-0.894) 0.012
No T3 0.929(0.583-1.479) 0.755
T stage <0.001 <0.001 T4 Reference
T1 0.513(0.340-0.773) 0.001 N stage <0.001 <0.001
T2 0.651(0.454-0.933) 0.019 NO 0.163(0.049-0.541) <0.001
T3 0.909(0.595-1.3898) 0.658 N1 0.415(0.125-1.379) 0.151
T4 Reference N2 0.563(0.172-1.845) 0.343
N stage <0.001 <0.001 N3 Reference
NO 0.135(0.047-0.383) <0.001 M stage <0.001 0.040
N1 0.287(0.100-0.821) 0.020 MO 0.490(0.249-0.968)
N2 0.392(0.139-1.107) 0.077 M1 Reference
N3 Reference Grade I: Well differentiated. Il: Moderately differentiated. Ill: Poorly differentiated.
M stage <0.001 0.067 IV: Undifferentiated
MO
M1

Others: American Indian/AK Native, Asian/Pacific Islander. Grade I: Well
differentiated. Il: Moderately differentiated. lll: Poorly differentiated. IV:
Undifferentiated

CSS nomograms’ calibration curves revealed that the
observed 5- and 8-year survival probabilities were
approach to the 45-degree reference line (Figs. 3, 4).
Notably, the 5- and 8-year DCA curves showed that
both nomogram models exerted net benefit in the
validation group, demonstrating positive clinical value

(Fig. 5).

Discussion

Smoking, alcohol consumption, chewing betel quid
increase the incidence of BMC around the world [10, 19].
Smoking has a deleterious impact on the development of
oral cancer [20]. Cytomorphometry research shows that
smoking has adverse effects on the buccal mucosa [21].
In a 10-year follow-up study of 12,212 people, smoking
cessation reduced the incidence of oral mucosal lesions
[22]. Epidemiological data shows that about 600 million
people chew betel quid worldwide. The betel leaf, areca
nut, and lime inside are important causes of the high
incidence of BMC in the Pacific Islands, South Asia,



Wang et al. BMC Oral Health (2022) 22:138 Page 5 of 11

A

0 10 20 30 40 50 60 70 80 90 100
Points | IS TS U T SN NS S U NN SN S U S T S U S U S T S S N S S S N S " |

36-45(14) 56-65(30) 76—85(47.5)

Age r L — T L )

<35(0) 46-55(23) 66-75(39) 85+(66)

Grade 11(5) Grade [V(100)
Grade —— 4

(0)Grade I Grade II1(12)
None(30)
Surgery T g
Surgery(0)
T2(6) T4(21)

T

T1(0) T3(16)

N1(22) N3(63)

N I L T !

NO(0) N2(32.5)

Total Points L L L L I S A B AL LA N BN AE A (A A R OO SR
0 20 40 60 80 100 120 140 160 180 200

5—year oS T T T T | I B — 1
0.9 0.8 0.7 0.6 0.50.40.30.20.1
8_year OS r T T T T T T 1
0.850.8 0.7 0.60.5 0.40.30.20.
B
0 10 20 30 40 50 60 70 80 90 100
Points L PO W T ST ST W N WY WY W NN SN SN SN NN SN WU WU SN SN SN S S SN SH S S S S S S S S S S S S s |
él9)
(13)36—-45 56-65 66—-75(32)
Age T = t r 1
<35(0) 46-55(1976—-85(31) 85+(42.5)
Grade 11(3) Grade 1V (100)
Grade — T !
(0)Grade I Grade I11(10)
None(27)
Surgery T :
SurgeryOryi0)  T4(25)
T —
0 ;
T10) (22.5)T3 NIQ7) N3(52.5)
N I L T !
0 35
NO(0) MIQ1) N2(35)
M —
MO(0)

Total Points | S S B S S B S B B | | B B R B 1
0 20 40 60 80 100 120 140 160 180 200
5—year CSS r T T T T T T 1
0.9 0.8 0.7 0.60.50.40.30.20.1

8—year CSS [ T T T T T 1
0.85 0.8 0.7 0.60.50.40.30.20.1
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parameters are shown in brackets




Wang et al. BMC Oral Health (2022) 22:138

Page 6 of 11

A B
1.00 1 1.00 1

2 2

3 075 E 0.75

= <

o L

2 2

(=% [="

£ 050 — Low risk 2 0.50 — Low risk

= — High risk = — High risk

2 2

S 0.251 E (.25 1

E p < 0.0001 F p < 0.0001

= EL

O O

0.00 : . - . . . : , : ) 0.00 y v - - + - - - - \
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Follow-up, month ) Follow—up, month
Number at risk Number at risk

Low risk 306 245 190 140 104 84 63 42 22 9 0 Low risk 290 230 178 130 96 79 60 40 21 9 0
Highrisk 156 74 38 23 18 12 7 4 2 1 0 Highrisk 172 89 50 33 26 17 10 6 3 1 0
Fig. 2 Survival curves for high- and low-risk group patients according to nomogram scores. A For OS. B For CSS

and Southeast Asia [23, 24]. In India, risk habits such
as chewing tobacco and putting the tobacco-containing
quid into the gingivobuccal sulcus existed and BMC inci-
dence accounted for 41% of oral cancers [25].

Usually, surgery, radiation and chemotherapy are the
main modalities to treat BMC [26, 27]. Relevant literature
shows that BMC is aggressive and the patients’ prognosis
is poor [6]. Bachar et al. [28] has found that the overall
recurrence rate was 41%, with 57.5% local control ratio.
Hence, exploring risk factors related to the prognosis of
patients with BMC has become increasingly important.
Although many researchers have tried to reveal the prog-
nostic factors, the main obstacle is the small sample size.
In addition, BMC is always studied together with other
oral cancers rather than conducted separately, leading
to biased results [10]. Notably, the AJCC TNM staging
manual is considered to be the most commonly used for
prognostic assessment. However, many relevant param-
eters could affect the prognosis to a great extent. There-
fore, personalized evaluation of BMC patients’ prognosis
has emerged as an important trend. Numerous studies
have proved that nomogram is fully qualified for patient-
specific prognosis prediction [12]. To construct and
validate the nomogram model, we applied the random
split-sample method, which was used commonly and
popularly [29, 30].

After the survival analysis, we found that age was of
great importance to influence the OS and CSS, which is
in agreement with the current research [31-33]. In our
research, the age group “<35 years” has the best OS and
CSS, locating the far left of the age axis (Fig. 1). Tumor
differentiation has a significant impact on the OS and
CSS, which is in accordance with the research [34, 35].

TNM stages also play an important role in the prognosis
of BMC patients [36, 37].

C-index is applied to measure the discrimination of
the nomograms, with a scale from 0.5 to 1. In the process
of validating the nomogram models, all the C-indexes
are greater than 0.7, demonstrating high accuracy. Cali-
bration curves are used to evaluate the fitting degree
between the predicted probability of 5- and 8-year sur-
vival and observed risk [12]. In our research, the calibra-
tion curves fitted excellently with the diagonal reference
line (Figs. 3, 4). Moreover, two nomogram’s decision
curves possess good 5- and 8- year net benefit in the
validation group, showing promising clinical value [38]
(Fig. 5).

It is simple and practical to evaluate the individualized
prognosis through nomogram. For example, nomogram
graph includes various sub-categories axes. Each axis is
marked with a different number. We draw a vertical line
to the top point axis based on the personalized situation.
In the same way, we add the points represented by each
indicator to get the total points. Furthermore, we draw
a vertical line from the total points axis to the 5- and 8-
year OS and CSS axis to obtain the estimated survival
rate. Notably, combined personalized total nomogram
points with OS and CSS information, we acquire the
optimal cut-off to divide patients into high- and low-
risk cohorts (Fig. 2). Stateworthy, the nomogram was
relatively more accurate than TNM staging. For instance,
we set two T3BN1MO patients as an example (Additional
files 1 and 2: Figs. 1 and 2). Patient 1: 60 years old, white,
Grade II, Surgery, T3AN1MO; Patient 2: 55 years old, black,
Grade III, non-surgery, radiation, T3AN1MO. If we evalu-
ated the above patient’s prognosis using TNM staging,
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their prognosis is the same as each other. But the OS and
CSS were different via our nomogram model. The 5-year
OS of the two patients were 43% and 10%. 8-year OS of
the two patients were 24% and lower than 10% respec-
tively. Moreover, the 5-year CSS of the two patients was
48% and 10%. The 8-year CSS was 38% and lower than
10% respectively. Hence, personal prognosis evaluation

is of great importance than merely the TNM staging
manual.

Our research owes apparent advantages and limited
drawbacks. We collected the detailed information of
BMC patients from the credible SEER database. Based
on the data, we conducted a survival analysis to obtain
the independent prognostic risk factors and establish
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two nomograms. However, other relevant indicators
such as comorbidity [39], alcohol [40], extracapsular
spread [32], chemotherapy [41] are also important fac-
tors affecting the prognosis, which are not included
in the SEER database. In addition, the SEER program
hasn’t incorporated disease-free survival, cumulative
survival and progression-free survival. Moreover, we
haven't applied the 8th AJCC Staging manual (pub-
lished October 2017) as our cases spanned the period
2004-2013. Some patients’ T and N stages will be
upstaged accordingly based on new protocols. As the
lack of depth of invasion (DOI) and perineural inva-
sion (PNI) information in SEER, it is impossible to
restage each patient. Nevertheless, research shows that
the c-indexes of the nomograms constructed using the
7th and 8th AJCC staging manuals are about the same
[42]. More research is required to compare and validate

the predictive power of nomogram models established
applying 8th AJCC staging manual versions.
Traditionally, the prognostic estimate is based on the
patients’ population. That makes individualized manage-
ment a challenge for clinicians. The TNM staging system
is widely accepted for prognostic estimation, although it
only accounts for tumor factors, many other factors such
as grade, age, sex, ethnicity are not considered though
these are also very important. Clinicians need to incor-
porate all this information to estimate specific individual
outcome empirically. Nomogram is a useful tool to incor-
porate all these factors in a quantitative manner. By sum-
ming up the scores of each risk factor, the 5- and 8-year
OS and CSS of specific BMC patient can be predicted,
which would enhance the screening and early interven-
tion of controllable risk factors. In addition, the nomo-
gram score is used to stratify patients by risk, so clinicians
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should lay more emphasis on high-risk patients with high
malignancy and multiple risk factors, then plan individu-
alized treatment modality and follow-up strategy.

This is a retrospective study and is limited by the fact
that many risk factors are not included in the SEER data-
base. In the future, multi-center prospective studies are
to be conducted to validate and improve the nomogram
of BMC for better individual treatment planning and
prognosis assessment.

Conclusions

In our study, we established two nomogram models suc-
cessfully and the models demonstrated excellent discrim-
ination, performance after verification.
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