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Abstract 

Background Dental care in cancer patients tends to be less prioritized. However, limited research has focused on 
major dental treatment events in cancer patients after the diagnosis. This study aimed to examine dental treatment 
delays in cancer patients compared to the general population using a national claims database in South Korea.

Method The Korea National Health Insurance Service‑National Sample Cohort version 2.0, collected from 2002 to 
2015, was analyzed. Treatment events were considered for stomatitis, tooth loss, dental caries/pulp disease, and gin‑
givitis/periodontal disease. For each considered event, time‑dependent hazard ratios and associated 95% confidence 
intervals were calculated by applying a subdistribution hazard model with time‑varying covariates. Mortality was 
treated as a competing event. Subgroup analyses were conducted by type of cancer.

Results The time‑dependent subdistribution hazard ratios (SHRs) of stomatitis treatment were greater than 1 in 
cancer patients in all time intervals, 2.04 within 30 days after cancer diagnosis, and gradually decreased to 1.15 after 
5 years. The SHR for tooth loss was less than 0.70 within 3 months after cancer diagnosis and increased to 1 after 5 
years. The trends in SHRs of treatment events for other dental diseases were similar to those observed for tooth loss. 
Subgroup analyses by cancer type suggested that probability of all dental treatment event occurrence was higher in 
head and neck cancer patients, particularly in the early phase after cancer diagnosis.

Conclusion Apart from treatments that are associated with cancer therapy, dental treatments in cancer patients are 
generally delayed and cancer patients tend to refrain from dental treatments. Consideration should be given to seek‑
ing more active and effective means for oral health promotion in cancer patients.

Keywords Cancer patients, Dental treatment delay, Dental insurance, Health insurance, Cohort analysis, Competing 
risk analysis, Time‑dependent
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Background
Dental care for cancer patients is an important issue 
because diminished masticatory function in cancer 
patients or survivors can affect their quality of life by 
increasing stress and depression [1]. While oral compli-
cations resulting from cancer or cancer therapies have 
been relatively under-recognized compared to other 
complications, the increasing number of cancer survivors 
has prompted a wider acknowledgement of the need for 
more active oral management to ensure long-term well-
being [2].

The oral complications related to cancer therapy (e.g., 
chemotherapy, radiotherapy, targeted agents, and immu-
notherapy) include stomatitis, dental caries, periodon-
tal disease, and dysphagia, with potentially debilitating 
effects [2, 3]. Stomatitis, which is a common side effect 
that results from the loss of integrity of the oral mucosa 
and inflammatory lesions, occurs in 40% of cancer 
patients who receive chemotherapy, 76% of those who 
undergo hematopoietic stem cell transplantation, and 
nearly 100% of those who receive radiotherapy [4, 5].

Pain, the primary morbidity of stomatitis, may lead to 
significant problems in food intake, causing weight loss 
and secondary infection due to nutritional deficiencies 
[6]. Severe stomatitis degrades patients’ quality of life by 
frequent emergency department visits or hospitalizations 
and increases the costs of care due to antibiotic admin-
istration or prolonged hospitalization [7]. It can also 
affect the maintenance of cancer treatment by leading to 
undesirable breaks in radiotherapy or the discontinua-
tion of planned chemotherapy [8, 9]. Patients undergoing 
radiotherapy targeting the head and neck are particu-
larly susceptible to a significant deterioration in their 
oral health. The oral morbidities of radiotherapy include 
increased susceptibility to dental caries, periodontal dis-
ease, and oral mucositis during and after treatment, and 
these may have harmful effects on daily life function and 
therefore on quality of life [10]. However, previous oral 
health-related quality of life studies on head and neck 
cancer patients undergoing radiotherapy have found that 
patients’ interest in and prioritization of oral health dur-
ing treatment tended to decrease compared to pre-treat-
ment due to treatment-related side effects [11, 12].

In this nationwide population-based study using the 
Korean National Health Insurance Service (KNHIS) 
claims database, we evaluated the occurrence of incident 
major dental treatment over time after cancer diagno-
sis in cancer patients compared to a matched sample of 
the general population comprising individuals who were 
never diagnosed with cancer during the entire observa-
tion period. We also explored how trends in the occur-
rence of time-dependent events differed by type of 
cancer.

Methods
Data source
We used the Korean National Health Insurance Service-
National Sample Cohort (KNHIS-NSC) version 2.0. This 
database, established in 2016, is based on administrative 
claims data from one million people (2% of the whole 
population), representing the 48 million people who held 
national health insurance or were eligible for medical care 
in South Korea from 2002 to 2015. The cohort comprises 
data from all clinics and hospitals, including information 
on diagnoses and comorbidities, demographic character-
istics, prescriptions, medical services (i.e., treatments and 
procedures), and costs for inpatients (i.e., those admitted 
to the hospital) and outpatients (i.e., those who received 
ambulatory care). It also contains insurance eligibility 
data, including information on participants’ identity and 
socioeconomic variables such as sex, residential area, 
type of health insurance, level of income, type and grade 
of disability registered, birth, and death.

Ethics statement and guideline
This study followed the Statement of Strengthening 
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines [13]. The study protocol was 
approved by the Institutional Review Board (IRB) of 
Seoul National University College of Medicine/Seoul 
National University Hospital, Korea (approval no.: 
E-1911-012-1076). All methods were performed in 
accordance with the relevant guidelines and regulations 
approved by the IRB. The requirement for informed con-
sent was exempted by the IRB of Seoul National Uni-
versity College of Medicine/Seoul National University 
Hospital, Korea since the KNHIS-NSC dataset comprises 
de-identified secondary data for research purposes in a 
fully anonymized form. Restricted access to the database 
for the study purpose was authorized by the National 
Health Insurance Sharing Service (NHISS) in Korea 
(Research Management No.: NHIS-2020-2-144).

Definition of study participants
Cancer patients were defined as individuals for whom 
at least one claim was made with hospitalization under 
a main disease code corresponding to cancer accord-
ing to the 10th revision of the International Statistical 
Classification of Diseases and Related Health Problems 
(ICD-10), or three or more claims were made for a main 
disease code of cancer within a year since 2006. Those 
who had cancer diagnoses between 2002 and 2005 were 
excluded. The control group was defined as individuals 
with no claims for cancer disease codes throughout the 
entire period. Those who were younger than 6 years at 
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the time of 2006 or had any missing period due to loss 
of eligibility for the national insurance system during the 
follow-up period were excluded.

We randomly assigned an individual from the control 
group to each cancer patient at a 1:1 ratio after match-
ing by age, sex, residence, and income level in the cancer 
diagnosis year using an exact matching method. In total, 
39,625 cancer patients and a matched control group were 
selected. For each matching set, the cancer patient and 
the matching participant were followed from the index 
date when the cancer patient had his or her first cancer 
diagnosis until when a dental treatment event of inter-
est occurred, the participant died, or the participant was 
censored.

Variables under study
Treatment event outcomes were identified from the 
claims data for four dental diseases: stomatitis, tooth 
loss, dental caries/pulp disease, and gingivitis/periodon-
tal disease. For the operational definition of outcomes, 
clinical opinions and definitions validated in previous 
studies were considered [14–16]. An event of treatment 
for stomatitis was defined as a case in which at least one 
claim was made with a relevant disease code. Events for 
tooth loss, dental caries/pulp disease, and gingivitis/peri-
odontal disease were defined as cases in which at least 
one claim was made with a relevant disease code together 
with a disease-related treatment code. The relevant treat-
ment codes for each disease were identified on the basis 
of the Health Insurance Medical Care report published 
by the Korean Health Insurance Review and Assessment 
Service (see Additional file 1: Table S1) [17]. The outcome 
of death was defined as a case in which beneficiaries lost 
their qualification due to death identified from the insur-
ance eligibility data. Death was considered as a compet-
ing event for the outcomes of major dental treatment 
events.

Statistical analysis
For each event of interest, we estimated the relative risk 
(RR) as a ratio of the proportions of the outcome in the 
control and cancer patients, and the hazard ratio (HR) 
was also calculated using the Cox proportional hazard 
regression method [18].

The proportional hazard assumption was explored by 
a log-minus-log plot. When the assumption was con-
sidered invalid, intervals for varying HRs were deter-
mined based on clinical advice and the exploration of 
the log-minus-log curves for any significant points of 
intersection.

A time-dependent HR of each treatment event was gen-
erated by applying a subdistribution hazard model with 
time-varying covariates [19], which is an extended Cox 

model accounting for time-varying covariates as well as 
time-independent covariates, considering death as a com-
peting risk for the outcomes of treatment events. The 
subdistribution hazard ratio (SHR) was estimated at each 
defined interval and 95% confidence intervals (CIs) were 
computed.

Baseline diseases were considered as covariates for 
adjustment, and they primarily included diabetes, hyper-
tension, hyperlipidemia, arthritis, osteoporosis, infectious 
disease, gastrointestinal disease, cardiovascular disease, 
and cerebrovascular disease. The baseline diseases were 
defined operationally as cases in which two or more dis-
ease-related codes were found within a year prior to the 
follow-up period. For diabetes, hypertension, and hyperlip-
idemia, cases where a disease-related code and at least one 
record of relevant medication prescribed for the disease 
were found were also included as indicators of baseline dis-
ease. A history of any dental disease of interest (i.e., stoma-
titis, tooth loss, dental caries/pulp disease, and gingivitis/
periodontal disease) within a year prior to beginning of the 
follow-up period were also considered as a baseline disease 
covariate for adjustment (see Additional file 1: Table S2).

A subgroup analysis was performed by type of cancer 
in consideration of the cancer treatment site (oral cancer, 
other head and neck cancer, thyroid cancer, other solid 
cancer, and blood cancer) (see Additional file 1: Table S3).

All statistical analyses were performed using R version 
3.3.3 [20] and SAS Enterprise Guide software (version 7.1; 
Copyright © 2003 SAS Institute Inc., Cary, NC, USA).

Results
Cohort characteristics
There was no significant difference between the groups in 
age, sex, residence, and income level, which were used as 
matching variables (p = 1.00). No significant differences 
between groups were found in the history of tooth loss, 
dental caries/pulp disease, and gingivitis/periodontal dis-
ease (p = 0.71, p = 0.55, and p = 1.00, respectively), whereas 
a significantly higher proportion of cancer patients had 
experienced stomatitis at baseline (p < 0.01). Gastrointesti-
nal disease was present in 39.2% of cancer patients but in 
28.5% of the control group (p < 0.01). The prevalence of all 
the other baseline diseases showed differences of less than 
3% points between cancer patients and the control group, 
but the differences were still statistically significant at the 
0.05 level (Table 1).

Major dental treatment events and mortality 
and time‑dependent hazard ratios
The proportion of stomatitis treatment events was sig-
nificantly higher in cancer patients than in the control 
group (RR = 1.15; 95% CI 1.11–1.18), whereas the pro-
portions of treatment events for tooth loss, dental caries/
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pulp disease, and gingivitis/periodontal disease were 
significantly lower in cancer patients (RR = 0.74; 95% 
CI 0.70–0.77, RR = 0.85; 95% CI 0.84–0.87 and RR = 0.81; 

95% CI 0.80–0.82, respectively). The incidence of death 
in the cancer patients was 4.5 times higher than that in 
the control group (RR = 4.58; 95% CI 4.41–4.76). As ana-
lyzed in terms of time-to-event, the probability of treat-
ment event occurrence for dental caries/pulp disease 
and gingivitis/periodontal disease in cancer patients 
became similar but slightly higher than those in the con-
trol group, and the estimated hazard ratios were statisti-
cally significant (HR 1.10; 95% CI 1.07–1.13 and HR 1.03; 
95% CI 1.01–1.05, respectively). The hazard ratios for 
stomatitis, tooth loss, and death appeared in consistent 
directions to what the risk ratios showed (HR 1.52; 95% 
CI 1.46–1.57, HR = 0.95; 95% CI 0.91-1.00 and HR 5.59; 
95% CI 5.36–5.83, respectively) (Table 2).

In log-minus-log plots, the graphs of cancer patients 
and the control group intersected for every dental dis-
ease of concern, which indicated that the assumption of 
a constant HR over time did not hold (Fig.  1). Mortal-
ity as a competing event for each dental disease was at 
least twice as high in cancer patients compared to that 
in the control group in all time intervals, and the highest 
excess risk was observed in the period from 30 days to 3 
months, with a 16-fold difference (Table 3).

The results of the SHR of a treatment event for each 
dental disease, considering death as a competing event, 
are presented in Table 3; Fig. 2. The probability of stoma-
titis treatment event occurrence was greater in cancer 
patients than in the control group in all time intervals 
(SHR > 1), with statistical significance at 0.05 level. The 
SHR was 2.04 (95% CI = 1.60–2.58) within 30 days after 
cancer diagnosis and gradually decreased to 1.15 (95% 
CI 1.04–1.28) after 5 years.

The probability of treatment event occurrence for 
tooth loss was lower in cancer patients than in the con-
trol group in all time intervals (SHR < 1), and the SHR 
was less than 0.7 within 3 months after cancer diagnosis 
(0.65; 95% CI 0.50–0.84 and 0.54; 95% CI 0.43–0.68 before 
and after 30 days, respectively) and increased to 1 after 5 
years. The estimated SHRs until 5 years after cancer diag-
nosis were statistically significant at the 0.05 level.

Table 1 Cohort characteristics

N (%)

Cancer Control p value

Sociode‑
mographic 
variables

Age (mean (SD)) 60.03 (14.89) 60.03 (14.89) 1.00

Sex 1.00

Male 19,701 (49.72) 19,701 (49.72)

Female 19,924 (50.28) 19,924 (50.28)

Residence 1.00

Seoul 7968 (20.11) 7968 (20.11)

Metropolitan 9880 (24.93) 9880 (24.93)

Province 21,777 (54.96) 21,777 (54.96)

Income (quan‑
tile)

1.00

0–3 8854 (22.34) 8854 (22.34)

3–6 9970 (25.16) 9970 (25.16)

6–9 14,533 (36.68) 14,533 (36.68)

9–10 6268 (15.82) 6268 (15.82)

Baseline 
systemic 
and oral 
diseases

Diabetes 5692 (14.36) 4634 (11.69)  < 0.01

Hypertension 13,180 (33.26) 12,242 (30.89)  < 0.01

Hyperlipidemia 4686 (11.83) 4136 (10.44)  < 0.01

Arthritis 6826 (17.23) 6312 (15.93)  < 0.01

Osteoporosis 1606 (4.05) 1449 (3.66)  < 0.01

Infectious 4636 (11.70) 3578 (9.03)  < 0.01

Gastrointestinal 15,544 (39.23) 11,295 (28.50)  < 0.01

Cardiovascular 2203 (5.56) 2025 (5.11)  < 0.01

Cerebrovascular 2230 (5.63) 2081 (5.25) 0.02

Stomatitis 2434 (6.14) 1886 (4.76)  < 0.01

Tooth loss 1079 (2.72) 1097 (2.77) 0.71

Dental caries 5368 (13.55) 5310 (13.40) 0.55

Gingivitis 1681 (4.24) 1682 (4.24) 1.00

Table 2 Relative risks (RRs) and hazard ratios (HRs) for cancer patients compared to the control group

*All results are statistically significant at the 0.01 level

Type of event N (%) RR (95% CI)* HR (95% CI)*

Cancer Control

Stomatitis 7208 (18.19) 6296 (15.89) 1.15 (1.11–1.18) 1.52 (1.46–1.57)

Tooth loss 3006 (7.59) 4087 (10.31) 0.74 (0.70–0.77) 0.95 (0.91–1.00)

Dental caries/pulp disease 11,867 (29.95) 13,892 (35.06) 0.85 (0.84–0.87) 1.10 (1.07–1.13)

Gingivitis/periodontal disease 16,426 (41.45) 20,292 (51.21) 0.81 (0.80–0.82) 1.03 (1.01–1.05)

Death 12,514 (31.58) 2732 (6.89) 4.58 (4.41–4.76) 5.59 (5.36–5.83)
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The probability of treatment event occurrence for den-
tal caries/pulp disease was lower in cancer patients. The 
SHRs were 0.83 and 0.78 within 30 days and 3 months 
after cancer diagnosis, respectively, with statistical sig-
nificance at the 0.05 level (95% CI 0.74–0.92 and 0.70–
0.86, respectively). The SHR then increased to 1.09 for 
1–3 years and was statistically significant at the 0.05 level 
(95% CI 1.05–1.13).

The SHRs of a treatment event for gingivitis/peri-
odontal disease were 0.80 and 0.75 within 30 days and 
3 months after cancer diagnosis, respectively (95% 
CI 0.74–0.87 and 0.71–0.80, respectively). They gradu-
ally increased thereafter, reaching 1.09 after 5 years (95% 
CI 1.04–1.15). The SHRs were statistically significant at 
the 0.05 level for all time intervals.

Subgroup analysis by cancer type
The results for the time-dependent SHR of the treatment 
event for each dental disease by cancer type are presented 

in Supplementary Figures and Tables (see Additional 
file  1: Figs. S1–S4 and Additional file  1:  Table  S4). The 
probability of stomatitis treatment event occurrence 
in cancer patients was higher than in the control group 
for oral and other head and neck cancers, as well as for 
blood cancer, in the first 3 months after cancer diagnosis, 
with SHRs exceeding 3.76. The SHRs were 1.71–2.14 in 
the same period for thyroid and other solid cancers. The 
SHRs rapidly decreased until 1 year after cancer diagno-
sis for all cancer types apart from blood cancer, which 
showed a relatively slight decrease until 3 years.

Unlike the overall trend in treatment events for tooth 
loss over time, the probability of event occurrence was 
greater in patients with oral and other head and neck 
cancers in the first 30-day period after cancer diagno-
sis, and the SHRs were 1.94 and 5.12, respectively (95% 
CI 0.65–5.75 and 2.30-11.42, respectively).

The time-dependent SHRs of treatment events for 
dental caries/pulp disease by cancer type suggested 

Fig. 1 Log‑minus‑log plots for time to major dental treatment events. Each plot represents stomatitis (A), tooth loss (B), dental caries/pulp disease 
(C), and gingivitis/periodontal disease (D). The solid line shows cancer patients, and the dotted line corresponds to the control group. Follow‑up 
time is expressed as log(years)
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that the magnitude of reduction in treatment events 
in cancer patients was larger for blood cancer within 
3 months after cancer diagnosis. The SHRs were 0.48 
and 0.52, with statistical significance at the 0.05 level, 
before and after 30 days, respectively (95% CI 0.26–0.88 
and 0.34–0.79, respectively). However, unlike the over-
all trend, the probability of event occurrence was sig-
nificantly higher in patients with other head and neck 
cancer in the first 30-day period after cancer diagnosis 
(SHR = 1.71; 95% CI 1.02–2.87).

Similarly to the results for dental caries/pulp dis-
ease, the reduction of treatment events for gingivitis/
periodontal disease showed a greater magnitude in 
patients with blood cancer, particularly in the early 
phase (within 3 months after cancer diagnosis), with 
SHRs of 0.48 and 0.40 before and after 30 days, respec-
tively (95% CI 0.29–0.78 and 0.27–0.59, respectively). 
A significantly greater probability of treatment event 
occurrence was also noted in patients for other head 
and neck cancer in the first 30-day period after cancer 
diagnosis (SHR 2.16; 95% CI 1.49–3.11). In addition, the 

probability was greater in thyroid cancer patients in all 
time intervals.

Discussion
In this study, for the first time, we compared the propor-
tion of major dental treatment events in cancer patients 
after the diagnosis of any type of cancer with that in the 
general population using claims data. The proportion of 
individuals who received stomatitis treatment was sig-
nificantly higher in cancer patients, while cancer patients 
showed significantly lower proportions of treatment 
event for tooth loss, dental caries/pulp disease, and gingi-
vitis/periodontal disease than the general population. In 
consideration of the much higher mortality rate in can-
cer patients and the inappropriateness for censoring the 
deaths that occurred prior to dental treatment, we con-
ducted a competing risk analysis to calculate adjusted 
HRs. Since the HRs were not constant over time, we 
estimated time-dependent SHRs. Stomatitis treatment 
events were observed to have occurred with a greater 
probability in cancer patients than in the control group 

Table 3 Time‑dependent subdistribution hazard ratios (SHRs) of major dental treatment events considering death as a competing 
event

All results are statistically significant at the 0.05 level unless indicated as ‘ns’

Outcome Time SHR (95% CI)

Event of interest Death before event

Stomatitis  < 30 days 2.04 (1.60–2.58) 6.26 (5.07–7.73)

30 days to 3 months 1.95 (1.41–2.69) 13.60 (11.04–16.75)

3 months to 1 year 1.47 (1.10–1.96) 9.43 (7.86–11.31)

1 year to 3 years 1.23 (1.17–1.30) 5.28 (4.96–5.62)

3 years to 5 years 1.12 (1.05–1.19) 2.59 (2.38–2.83)

 > 5 years 1.15 (1.04–1.28) 1.98 (1.68–2.32)

Tooth loss  < 30 days 0.65 (0.50–0.84) 7.36 (6.64–8.16)

30 days to 3 months 0.54 (0.43–0.68) 15.83 (14.79–16.94)

3 months to 1 year 0.76 (0.69–0.84) 10.27 (9.76–10.81)

1 year to 3 years 0.91 (0.85–0.98) 5.54 (5.26–5.84)

3 years to 5 years 0.91 (0.85–0.99) 2.69 (2.50–2.89)

 > 5 years 0.97 (0.89–1.07)ns 2.02 (1.84–2.21)

Dental caries/pulp disease  < 30 days 0.83 (0.74–0.92) 5.83 (5.23–6.48)

30 days to 3 months 0.78 (0.70–0.86) 12.61 (11.72–13.57)

3 months to 1 years 1.02 (0.98–1.06)ns 8.60 (8.17–9.05)

1 years to 3 years 1.09 (1.05–1.13) 5.16 (4.89–5.45)

3 years to 5 years 0.97 (0.93–1.02)ns 2.68 (2.47–2.90)

 > 5 years 0.93 (0.87–0.99) 2.24 (2.01–2.49)

Gingivitis/periodontal disease  < 30 days 0.80 (0.74–0.87) 5.52 (5.00–6.10)

30 days to 3 months 0.75 (0.71–0.80) 12.00 (11.27–12.78)

3 months to 1 years 0.90 (0.87–0.93) 8.48 (8.05–8.93)

1 years to 3 years 0.95 (0.92–0.98) 5.50 (5.20–5.81)

3 years to 5 years 0.95 (0.91–0.99) 2.90 (2.67–3.15)

 > 5 years 1.09 (1.04–1.15) 2.53 (2.27–2.82)
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for the entire observation period, while those of other 
dental treatment events were lower in cancer patients 
until 3 months after cancer diagnosis and then increased, 
eventually approaching 1. Some differences in the trends 
were also observed in the subgroup analysis by types of 
cancer.

The greater occurrence of treatment events for sto-
matitis in cancer patients in all time intervals, par-
ticularly within 3 months after cancer diagnosis, is 
probably explained by the fact that stomatitis is managed 
as a major oral complication of cancer therapy. Pain due 
to stomatitis was found to be the most prevalent (17%) 
need requiring dental treatment among cancer patients 
[21], and a preoperative oral examination is performed 
when preparing a treatment plan for patients undergoing 
chemotherapy following surgery to help minimize pain 
[22]. However, the operative definition used to detect 

cases of stomatitis in this study was not restricted to can-
cer-related stomatitis.

Apart from stomatitis, the probability of treatment 
event occurrence in other major dental diseases was sig-
nificantly lower in cancer patients within 3 months after 
cancer diagnosis, and the trend of a lower probability of 
treatment event occurrence was observed for up to 1 year 
for tooth loss and gingivitis/periodontal disease. Cancer 
patients generally experience physical damage due to 
surgery in the course of cancer treatment, limitations in 
daily life and social activities due to secondary damage 
caused by chemotherapy or radiotherapy, and deterio-
ration of physical function [1, 23]. Due to these activity 
restrictions, the treatment of other chronic diseases is 
often delayed, which may encompass delays in visits to 
dental clinics and the treatment of gingivitis and peri-
odontal diseases.

Fig. 2 Time‑dependent subdistribution hazard ratios (SHRs) of major dental treatment events. The time‑dependent SHRs are expressed by points 
according to the follow‑up period. The mortality was considered as a competing event. The bold line represents a hazard ratio of 1.0, indicating the 
same risk between cancer patients and the control group
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The SHR of treatment events for gingivitis/periodon-
tal disease increased and reached a value greater than 
1 after 5 years. A reason for this may be that treatment 
for periodontal disease, which was neglected during 
the cancer treatment, was actively attempted after the 
5-year period that implies cancer survivorship. Alterna-
tively, this trend may be due to the increased incidence 
of periodontal disease caused by the progression of 
dental caries during cancer therapy because of delays in 
dental treatment.

Oral complications of cancer therapy are associated 
with oncological treatment modalities, which commonly 
include surgical resection, chemotherapy, radiotherapy, 
and hematopoietic stem cell transplantation (HSCT) [2, 
10]. These therapies are administered alone or in combi-
nation and either cause direct harm to the tissue of oral 
structures or indirectly damage them through their toxic-
ity. Since the usage of treatment modalities is multifac-
eted, we explored a subgroup analysis by types of cancer. 
We first separated blood cancer from the others due to 
the specific treatment modalities, such as HSCT, used 
for blood cancer. Head and neck cancers were separately 
explored from other solid cancers because their anatomi-
cal location is close to the oral cavity. We also tried to 
subdivide head and neck cancers into oral cancer, thyroid 
cancer, and others since we were initially interested in 
examining whether the state of dental care in oral cancer 
patients, who could have direct damage to dental struc-
tures during cancer treatment, is different from that of 
patients with other head and neck cancer, and the cat-
egorization of thyroid cancer as a head and neck cancer 
is disputable [24, 25]. However, differences in tendencies 
by subtypes of head and neck cancers were not clearly 
observable, which may have been mainly due to the insuf-
ficient number of cases in these subcategories.

A subgroup analysis by cancer type suggested that, 
unlike the overall trend, the probability of event occur-
rence for tooth loss was significantly higher in head and 
neck cancer patients in the early stage after cancer diag-
nosis. In the course of treating head and neck cancer, 
extraction tends to be recommended if teeth interfere 
with the surgical site or the prognosis after radiotherapy 
is expected to be poor [26], which may be an explanation 
for this finding. The high incidence of oral complications 
in patients with head and neck cancer results from the 
location of the main treatment site. While the probabil-
ity of stomatitis treatment event occurrence was higher 
in cancer patients in the early stage after cancer diagno-
sis for all types of cancer, the probability was particularly 
higher in patients with head and neck cancer. Stomatitis 
caused by radiotherapy occurs in 60% of patients with 
head and neck cancer receiving standard radiotherapy 
[2].

The number of study subjects varied substantially 
across different cancer types, resulting in a difference in 
the precision of the estimations of outcomes by cancer 
type (see Additional file  1: Table  3). The numbers were 
less than 1000 for oral cancer and other head and neck 
cancer, and the confidence intervals obtained in those 
groups were relatively wide. This was the reason for the 
non-significance of the SHR of 1.9 for tooth loss treat-
ment in oral cancer patients in the early stage after can-
cer diagnosis. Nevertheless, the high SHR of 5.1 found 
in other head and neck cancer patients was still highly 
significant.

The KNHIS-NSC database was established as a popula-
tion-based cohort by the National Health Insurance Ser-
vice (NHIS) of Korea—that is, Korea’s universal coverage 
health insurance system for all citizens—for the purpose 
of providing public health researchers and policy mak-
ers with a nationally representative sample on all benefi-
ciaries of the NHIS, who comprise more than 97% of the 
entire Korean population. The one million sample cohort 
was selected from the target population by systematic 
stratified random sampling with proportional alloca-
tion within strata that were defined based on age group, 
sex, participants’ eligibility status, and income level. 
The participants were followed up until the endpoint of 
the cohort unless their eligibility was disqualified due 
to death or emigration. The cohort was then refreshed 
annually during the cohort years by adding a representa-
tive sample of newborns across all strata to compensate 
for the number of subjects who dropped out due to dis-
qualification. The sample’s representativeness was evalu-
ated by examining the sample’s average total annual 
medical expenses compared to the population average 
in every stratum and by comparing the cohort with the 
population according to residence distribution across 16 
regions in Korea [27].

Since this study used a national health insurance claims 
database based on the disease and treatment codes gen-
erated after visiting medical institutions, the identified 
times do not accurately reflect when the disease actually 
occurred. For example, clinic visits for chronic diseases 
such as gingivitis/periodontal disease do not necessar-
ily indicate disease occurrence. Besides, cases would be 
missing if patients did not visit a medical institution for 
treatment. Such issues are well recognized problems in 
research using claims data. However, it was not our main 
intention to evaluate the risk of the disease itself; instead, 
our outcome of interest was defined as an occurrence of 
a “treatment event” with a focus on comparing the fre-
quency of major dental treatments received between can-
cer patients and the general population. The outcome was 
defined as the occurrence of a treatment event rather than 
disease to facilitate its interpretation as a consequence 
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that reflects participants’ interest in and prioritization of 
the treatment of dental disease. Concerning treatment 
events for tooth loss, a particular event did not refer 
to an event for treating tooth loss, but instead denoted 
instances when an extraction treatment was administered 
when it was needed (i.e., a claim for extraction was made 
with a disease code indicating a state of tooth loss due to 
disorders of teeth and supporting structures).

There may be some issues in defining stomatitis, that 
could be identified by using various categories. We 
defined stomatitis based on disease codes that included 
not only recurrent aphthous stomatitis, but also stoma-
titis by other underlying pathologies such as neutropenic 
ulcerations, herpetic infections, and candidiasis in the 
oral area. The national claims data do not expose sensi-
tive diseases such as sexually transmitted diseases to pre-
vent the possibility of identification. Therefore, the codes 
for herpetic infections and candidiasis would not capture 
herpes type 2 or candida vaginitis in the data. Neverthe-
less, the diagnosis may still be considered to have been 
broadly defined. Therefore, treatment events for stomati-
tis might have been measured at a higher frequency than 
the actual incidence in both groups.

The discrepancy between real practice and the records 
in claims databases is a well-known drawback of the 
analysis of claims data. The process of constructing data 
for our analysis, including the selection of subjects, also 
relied on an examination of disease and treatment codes 
in the database. Clinicians occasionally input inaccurate 
codes when filling out insurance claims. For example, in 
dentistry, it is customary to use “chronic periodontitis” 
when claiming benefits [14], which may result in overes-
timation of periodontal disease incidence. However, since 
this issue would apply equally to cancer patients and the 
control group, ratios (as a relative measure) are less sus-
ceptible to potential bias.

Cancer mortality has decreased by more than 30% over 
the past 30 years [28], and accordingly, the need for den-
tal treatment for cancer survivors is increasing [29]. In 
Korea, for instance, 34.8% and 36.6% of cancer survivors 
suffered from mastication problems and periodontal dis-
ease, respectively, and 15.9% needed dentures [30]. How-
ever, clinical guidelines for dental care for cancer patients 
are still insufficient and policy decision-making regarding 
insurance coverage is needed [30–33].

Cancer survivors generally experience financial difficul-
ties, and those who reported financial problems were more 
likely to experience delays in dental and medical treatment 
[34, 35]. Even in countries where primary and secondary 
medical care services are supported through a national 
health insurance system, although the financial burden of 
cancer treatment is largely covered by the national health 
insurance system, the allocation of finances for dental care 

remains neglected [36, 37]. For example, in Korea, cancer 
patients are subject to a special coverage system accord-
ing to which they pay only 5% of the total costs of medi-
cal care for 5 years after the date of registration as a cancer 
patient [38]. However, national health insurance coverage 
applied to only 31.9% of dental treatments in 2015 [39], 
even though the coverage for certain dental treatments 
for the elderly has gradually been expanded, including for 
dental implants [40]. Our study results suggest that cancer 
patients tend to refrain from dental treatments, implying 
that consideration should be given to seeking more active 
and effective means for oral health promotion in cancer 
patients. One of the potential suggestions could be extend-
ing the national health insurance plan to include dental 
treatment for oral complications from cancer therapy and 
covering dental care as a part of healthcare management 
for cancer survivors. Additionally, well-established pro-
grams for oral and dental care in patients receiving cancer 
therapy should be provided to facilitate full information-
sharing regarding the need for dental consultations with 
healthcare professionals and patients. Furthermore, an 
effective collaboration system between medical doctors 
and dentists throughout the course of cancer therapy 
should also be promoted.

Conclusion
Apart from treatments that are associated with cancer 
therapy, dental treatments in cancer patients are gen-
erally delayed. There are several potential reasons for 
the underdevelopment of dental treatment in cancer 
patients, in relation to issues in prioritization for cancer 
therapy over dental treatments as well as the healthcare 
system. Consideration should be given to seeking more 
active and effective means for oral health promotion in 
cancer patients.
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