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Abstract

:

In April 2012, perioperative oral management (POM) was approved for inclusion in the national health insurance system of Japan to prevent the occurrence of pneumonia, a major complication in cancer patients. The subsequent decrease in the incidence of postoperative pneumonia indicated the prophylactic effect of POM. The constant increase in health expenditure necessitates a cost-effectiveness analysis. In addition, the effect of reducing healthcare costs owing to health technologies must be evaluated. In the present multi-institutional study, the cost-effectiveness analysis of POM was conducted by comparing the incidence of postoperative pneumonia and the healthcare costs between patients who received surgery for malignant tumors before (n = 11,886) and after (n = 13,668) the introduction of POM. Additionally, the effect of reducing healthcare costs was evaluated. Reductions in the number of patients who developed pneumonia, duration of hospitalization, and number of deaths were observed after the introduction of POM. The incremental cost-effectiveness ratio was 111,927 yen, hence the prevention of postoperative pneumonia needs 111,927 yen per patient in healthcare costs. Consequently, a maximum reduction of 250,368,129 yen in healthcare costs was observed between the incremental costs for pneumonia treatment and the cost of POM. These findings indicate that improvements in cost-effectiveness can be expected in the future through the development of procedure and system for POM.
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1. Introduction


The oral cavity is anatomically connected to the lungs through the pharynx, larynx, trachea, and bronchi. Therefore, contaminants within the oral cavity have the potential to cause pneumonia. However, the risk of pneumonia in the oral cavity is compensated by the process of swallowing; thus, a deterioration in the function of swallowing increases the risk of pneumonia, particularly, aspiration pneumonia [1,2]. Teramoto et al. [3] investigated the occurrence of pneumonia in healthcare facilities, where the indoor environment is maintained relatively clean, and reported that more than 80% of elderly patients with pneumonia presented with aspiration pneumonia. The risk of pneumonia increases after surgical treatment. In a study comprising approximately 2.5 million cancer patients aged 18 years or older who received surgery, the incidence of postoperative pneumonia was reported to be 3.5% [4]. Thus, the prevention of pneumonia in hospitalized patients, especially those with malignant tumors, is an important issue in Japan.



Consequently, the “perioperative oral management fee” was listed in the fee schedule for insured medical treatments (universal health insurance system in Japan) in April 2012 for the prevention of pneumonia in patients with malignant tumors. Since then, various hospitals affiliated with medical schools and municipal hospitals initiated the perioperative management of oral hygiene and function at the time of surgery, under general anesthesia, through collaborations between the medical and dental teams.



Several studies have demonstrated the preventive effects of POM on pneumonia [5,6]. Soutome et al. [7] reported a reduction (odds ratio, 0.42) in the incidence of postoperative pneumonia in patients with esophageal cancer who received oral management (intervention group; n = 234) when compared to those who did not receive any intervention (n = 149). In another large-scale study comprising the healthcare reimbursement database in Japan, Ishimaru et al. [5] investigated approximately 509,179 patients with head and neck, esophageal, gastric, colon, lung, and liver cancers and found that patients who received POM (n = 81,632) showed a significantly lower incidence of postoperative pneumonia and 30-day postoperative mortality compared to those who did not receive POM (n = 427,547). Thus, the prophylactic effects of POM have been demonstrated in both a small and detailed analysis and a large-scale statistical analysis.



On the other hand, a cost-effectiveness analysis that includes the perspective of cost management, in addition to effectiveness and safety, has been increasingly adopted. In 2012, the Special Committee on Cost-Effectiveness was established within the Central Social Insurance Medical Council, and a cost-effectiveness analysis has been implemented on a trial basis since 2016 [8].



In addition to the new technologies and drugs, existing technologies concerning the national health insurance price list and drugs for reevaluation are evaluated in the cost-effectiveness analysis. The effectiveness is determined by evaluating the recurrence, survival rate, and quality-adjusted life-year (QALY), whereas cost includes both direct and indirect costs [9]. The cost evaluation method varies depending on the perspective, but the term “cost” in cost-effectiveness analysis is usually defined as direct costs incurred by the public healthcare system, instead of the healthcare providers or patients. The cost and effectiveness are calculated separately to obtain the incremental cost-effectiveness ratio (ICER), which compares the benefits of introducing a health technology and the associated increase in cost. When the new technology is costlier than and as effective as or less effective than the technology being compared to, it is considered as dominated. If the new technology is less costly and as effective as or more effective, it is considered as dominant. If it is costlier and more effective than the technology being compared to, the decision is made by setting a threshold for the ICER. The technology that is used for comparison may include no treatment or watchful waiting [9].



POM is not considered as a new technology but rather a new treatment system, and to the best of our knowledge, no health economics study or cost-effectiveness analysis on POM has been reported in the literature so far. The cost-effectiveness analysis of new treatment systems has social significance and is required for the development and improvement of new technologies.



In the present study, the incidence of postoperative pneumonia (effectiveness) and the treatment costs were compared before and after the introduction of POM in approximately 25,000 patients who received surgery for malignant tumors. The patients were selected from approximately 370,000 patients whose data were collected as part of a multi-institutional study on postoperative pneumonia [6].



This data is based on the same database as the paper by Kurasawa et al. published in 2020 [6]. Kurasawa et al. belongs to the same study group and is in charge of the statistics. For the data of about 25,000 cancer patients who underwent surgery, the incidence of pneumonia before and after the introduction of insurance was discussed using multivariate analysis considering confounding factors, and it was concluded that the introduction of insurance significantly reduced the incidence of pneumonia [6].



In addition, the protocol for the technique of perioperative oral management has not been standardized at the eight institutions. However, according to Sekiya et al. [10], this management method is positioned as a conventional system in the Japanese classification of perioperative oral management systems. In other words, this is a system in which professional oral management is performed only when the surgeon in charge requests oral management before the operation. As a result, in every facility, under the plan of the dentist or oral surgeon, the dental hygienist removes tartar and teaches tongue and tooth plaque removal, and the dentist extracts unstable or infected teeth.




2. Subjects and Methods


2.1. Subjects


Eight regional core hospitals in the metropolitan area, which were equivalent in terms of the healthcare resources, number of patients, and target diseases, were included in this study. All the institutions used the reimbursement system of bundled payment adopting the Diagnosis Procedure Combination (DPC) for their patients. All electronic data, including the patients’ clinical information and the records of the clinical procedures, were included in the DPC data.



In terms of the experience of surgery for malignant tumors, patients who presented with “97” (other surgery), “99” (no surgery), and unknown (such as xx) as the ninth and tenth digits of their DPC codes were assigned to the no surgery group, while the remaining patients were assigned to the group that received surgery for malignant tumors.



The period of analysis extended from two years before the introduction of POM in April 2012 (1 April 2010 to 31 March 2012) to two years after its introduction (1 April 2012 to 31 March 2014). The total number of hospitalized patients in all eight institutions during the four years was 367,666, and 81,859 of them had malignant tumors.



The exclusion criteria were patients with malignant tumors who were hospitalized due to pneumonia, had pneumonia as a concurrent disease at the time of admission, and had not received surgery. As a result, the total number of patients with malignant tumors who received surgery was 25,554, including 11,886 and 13,668 patients who received the surgery two years before and after the introduction of POM, respectively (Figure 1).



Approvals for this multi-institutional study were obtained from the respective institutional review boards.




2.2. Survey Items


Basic information regarding the month of discharge, department of discharge, age, sex, length of hospital stay and additional information about the disease structure (reason for hospitalization, comorbidity on admission, diseases developed since admission, DPC diseases, and DPC code) were extracted from the DPC data of the hospitalized patients and examined retrospectively. The costs were defined as fees based on fee-for-service as recorded in the DPC data.




2.3. Cost-Effectiveness Analysis of POM


Cost-minimization, cost-effectiveness, cost-utility, and cost-benefit analyses were used to analyze the cost-effectiveness of POM; the main difference among them was the way the outcome was treated. The cost-minimization analysis compares only the costs, assuming that the outcomes are equivalent, while the cost-effectiveness analysis uses outcomes other than QALY, such as life year and incidence of events. The cost-utility analysis uses QALY as the outcome, whereas cost-benefit analysis evaluates outcomes by expressing them in monetary terms.



The outcome in this study was the incidence of postoperative pneumonia without considering the quality of life; hence, the cost-effectiveness analysis was used. The costs were expressed as the reimbursement fees under the national health insurance scheme (in Japanese yen).




2.4. Incremental Cost-Effectiveness Ratio


The ICER is an evaluation index for cost-effectiveness analysis and can be calculated using the following formula:


  I C E R =   I C   I E   =    C A  −  C B     E A  −  E B     



(1)




where IC is the incremental cost, IE is the incremental effectiveness, CA is the cost of new therapy A, CB is the cost of control therapy B, EA is the effectiveness of new therapy A, and EB is the effectiveness of control therapy B.



The costs of the drug and the surgery as well as the tests were different before and after the introduction of POM (2010 to 2014) due to the revision of the fee schedule every two years. Therefore, the ICER was calculated based on the fee schedule after the introduction of POM (after April 2012).



The cost calculations were based on three assumptions. The first assumption was that, during the period prior to the introduction of POM (April 2010 to March 2012), 0% of the total patients in the eight participating hospitals received POM because the concept of POM for cancer patients did not exist at that time, although it was performed before cardiovascular and transplantation surgery. The analyses were limited to cancer surgery because of the initial introduction of the patients into the Japanese social healthcare system and the lack of perioperative oral management for cancer patients prior to the addition to the fee schedule, which simplified the statistical analyses. The second assumption was that the rate of patients who received POM among the eight hospitals was an average of 12.3% following its introduction (April 2012 to March 2014). Since the medical DPC data and dental data are sent to the data center in an unlinked and anonymized form, the dental intervention rate is discussed as unknown in the paper by Kurasawa et al. [6]. In this study, we calculated a dental intervention rate of 12.3% by manual data matching at the Yokohama City Minato Red Cross Hospital, where the data remained in the hospital in a linkable form. This was used as the second assumption. The third assumption was that, if no patient received POM after its introduction in the national health insurance scheme, the incidence rate of postoperative pneumonia would be same as that before the introduction of POM. The 25,554 subjects in this study were divided into two groups: before and after the introduction of POM. The third assumption was cleared by comparing the basic patient information, including age, sex, and comorbidities, which are considered as the background factors of pneumonia, between the two groups (Table 1 [6]). No significant differences were noted between the two groups. However, introducing of insurance system is not the only factor involved in the reduction of pneumonia; Kurasawa et al. conducted a multivariate logistic analysis using the same database to investigate the involvement of confounding factors [6]. Other confounders included: older than 70 years, male, brain tumor, esophageal cancer, gastric cancer, and lung cancer surgery (p < 0.01). Of these, in the post-implementation group, the mean age decreased and the proportion of males decreased, but the proportions accounted for by brain tumor, esophageal cancer, gastric cancer, and lung cancer surgery decreased, and it was unlikely that these factors had any effect on reducing the incidence of pneumonia.



Based on the third assumption, the expected number of patients who would develop pneumonia if they did not receive POM was determined as follows: the total number of hospitalized patients after the introduction of POM (13,668) was multiplied by the incidence of postoperative pneumonia and before the introduction of POM (2.01%) = 275 patients. Thus, the effectiveness of POM was determined using the following formula:



IE (incremental effectiveness) = EA (actual number of patients with pneumonia after POM introduction: 114) − EB (expected number of patients who develop pneumonia before POM: 275) = −161 patients (estimated decrease in the number of patients with postoperative pneumonia).



The incremental cost was calculated based on the first and second assumptions, wherein 12.3% (1681 patients) of all patients eligible for POM (13,668 patients) following its introduction received the procedure. The total amount for POM fees (18,020,320 yen) was obtained by multiplying 1072 points (10,720 yen) per patient with the number of patients who received POM (1681 patients). The total number of points per patient was obtained by summing up the following items: initial dental consultation fee (282 points); perioperative oral management set-up fee (300 points); preoperative oral management fee I (190 points); and postoperative oral management fee II (300 points). As the cost prior to the introduction of POM was 0 yen, the incremental cost would be 18,020,320 yen. Furthermore, the points for POM were calculated as per the 2012 revision of the schedule for medical fees under the national health insurance scheme.




2.5. Method Used to Calculate the Decrease in Treatment Costs for Postoperative Pneumonia


In general, the duration of hospitalization tends to be short if the patient does not develop any complication. In such cases, the hospitalization fees include the fees for the treatment of the underlying disease (cancer-related treatment fees) and the comorbidities (Treatment Cost A). If the patient develops any complications following surgery, treatment for the complications is provided in parallel with the POM-related treatment. The patient is discharged after recovering from the complication. The period of hospitalization is prolonged if the patient develops complications, and the treatment costs for the complications are added to Treatment Cost A in such cases (Figure 2). However, it is not easy to segregate each treatment cost item; moreover, it is difficult to extrapolate the treatment cost for pneumonia only.



Thus, in this study, the treatment cost for pneumonia was defined as the difference between the total treatment cost and Treatment Cost A in a patient with postoperative pneumonia. Thereby, Treatment Cost A was deemed to be the same as the average cost borne by a patient without postoperative pneumonia.





3. Results


3.1. Comparison of Patients before and after the Introduction of POM


The potential factors related to postoperative pneumonia among cancer patients who received surgery included sex, age, site of cancer, and comorbidities, such as cerebral infarction, intracranial hemorrhage, and diabetes. The comparison of each factor before and after POM introduction is presented in Table 1 [6]. The total number of patients was increased by 1802 after the introduction of POM. The female-to-male ratios were 1.16 and 0.93 before and after POM introduction, respectively, indicating a slight reduction in the percentage of female patients. The mean ages of the patients before and after the introduction of POM were 61.0 ± 13.7 years and 64.7 ± 13.9 years, respectively. Thus, >10% difference in the number of target patients was observed between the groups before and after the introduction of POM. Therefore, a comparison was made by calculating the expected value after POM introduction based on the actual value before introduction and comparing it with the actual value observed after the introduction of POM.



The numbers of patients before and after the introduction of POM based on cancer site were 535 and 526 for brain tumors, 220 and 227 for head and neck cancers, 529 and 553 for esophageal cancers, 2060 and 2177 for gastric cancers, 1493 and 1657 for colon cancers, and 1002 and 990 for lung cancers, respectively. There is no significant difference between two groups before and after the introduction of POM.




3.2. Relationship between the Length of Hospital Stay and Postoperative Pneumonia


A significant difference in the length of hospital stay in patients with (29.8 days) and without (17.5 days) postoperative pneumonia before the introduction of POM was observed (Mann-Whitney’s u test, p < 0.001; Table 2). Likewise, the durations of hospital stay in patients with and without pneumonia were significantly different after the introduction of POM (45.4 days vs. 16.2 days, respectively; p < 0.001) (Figure 2).




3.3. Relationship between Treatment Cost and Postoperative Pneumonia


Hospitals are required to submit the treatment costs based on the fee-for-service model, despite the adoption of the bundled payment method by the DPC. Before the introduction of POM, significant differences in treatment costs in patients with and without postoperative pneumonia were observed (1,772,632 yen vs. 1,274,746 yen, respectively; p = 0.013; Table 3). Similarly, a significant difference between the two groups was observed after the introduction of POM (2,962,771 yen vs. 1,295,762 yen, respectively; p < 0.001; Table 3).




3.4. Relationship between Hospital Mortality and Postoperative Pneumonia


Before the introduction of POM, hospital mortality in patients with pneumonia (4.18%) was significantly higher than that in those without pneumonia (0.61%; p < 0.001; Table 4); similar results were observed after the introduction of POM (6.14% vs. 0.41%; p < 0.001).




3.5. Incidence of Postoperative Pneumonia


The number of patients with postoperative pneumonia was reduced by half from 239 patients (2.01%) before POM introduction to 114 patients (0.83%) after the introduction (Chi-square test; p < 0.001; Table 5).




3.6. Analysis of the Cost-Effectiveness of POM


Based on the aforementioned third assumption, the incidence rate of pneumonia in eligible patients (13,668 patients) following the introduction of POM was 2.01%, which was the same as that before the introduction of POM; thus, 275 patients were expected to contract pneumonia. However, in reality, 114 patients developed pneumonia, indicating a reduction in the number of patients who developed postoperative pneumonia. If all 275 patients who were hypothesized to develop pneumonia had received POM, its occurrence might have been prevented in a maximum of 161 patients.



Therefore, the incremental effectiveness would be the decrease in the number of patients with postoperative pneumonia (n = 161), and the incremental cost would be the fees for the POM (18,020,320 yen). The resultant ICER would be 111,927 yen. In other words, 111,927 yen was required to reduce the number of patients with postoperative pneumonia by one.




3.7. Effect on Reduction in Medical Cost


The average treatment cost (Treatment Cost A) for patients without postoperative pneumonia was 1,295,762 yen (±1,007,162) per patient and that for those with postoperative pneumonia was 2,962,771 yen (±1,964,419). Thus, the treatment cost for postoperative pneumonia was calculated as 1,667,009 yen per patient, which is the difference between the two average costs.



It is assumed that the procedure prevented the development of pneumonia in 161 patients following the introduction of POM. Hence, the total treatment cost would be 268,388,449 yen (1,667,009 yen × 161). As the total cost for POM was 18,020,320 yen, it was estimated that a total of 250,368,129 yen (approximately 250 million yen) towards medical expenses had been saved for 13,668 patients.





4. Discussion


4.1. Relationship between Postoperative Pneumonia and POM


Pneumonia can be classified into four types as follows: aspiration, ventilator-associated, bacterial, and acute. Aspiration and ventilator-associated pneumonia are thought to be involved with the contamination of the oral cavity [11], whereas correlations between oral cavity contamination and the two other types of pneumonia are unknown. Unlike community-acquired pneumonia, the majority of the cases of hospital-acquired pneumonia are considered to be aspiration pneumonia [3]. A more inclusive diagnosis, such as bacterial pneumonia and acute pneumonia, may be reached in some cases due to difficulties in reaching a definitive diagnosis. In the present study, pneumonia that newly developed after hospitalization (postoperative pneumonia) was considered to be associated with oral cavity contamination and could be prevented by POM.




4.2. Significance of a Reduction in the Number of Patients with Postoperative Pneumonia


According to the vital statistics in 2014 [12], pneumonia is the third leading cause of death in Japan, and older patients account for 90% of these deaths. Aspiration pneumonia caused by dysphagia accounts for at least 70% of the pneumonia cases in older patients [13]. Furthermore, older patients account for at least 70% of the hospital-acquired pneumonia cases [3]. Therefore, measures to prevent postoperative pneumonia are crucial in the current super-aging society.



In addition to the prevention of nutritional disorders and local oral infections, the purpose of POM is to prevent the occurrence of pneumonia and sepsis in the more distant sites. In particular, the preventive effects of POM on pneumonia are highly expected and demonstrated in the literature [2,5,6,7]. In the present study, the incidence of postoperative pneumonia was 2.01% before the introduction of POM, which decreased to 0.83% after the introduction. This result is lower than previously reported for pneumonia incidence.



Using the same target data as in this study, Kurasawa et al. [3] conducted a multivariate analysis to investigate the relationship with confounding factors, and showed the effectiveness of the introduction of oral management in preventing pneumonia after cancer surgery.



Furthermore, the results of the present study indicated that the length of hospital stay was prolonged, treatment cost was increased, and hospital mortality was higher in patients with postoperative pneumonia when compared to those without pneumonia. The ratio of extension in the duration of hospital stay in patients with pneumonia compared to those without pneumonia was approximately 1.7 before POM introduction, which increased to 2.8 approximately two years after POM introduction (Table 2). The ratio of increase in treatment costs in patients with pneumonia when compared to those without pneumonia was 1.3 before POM introduction and 2.2 after its introduction (Table 3). Moreover, the mortality rate in patients with pneumonia compared to those without pneumonia was 6.8 before POM introduction, which had increased to 14.9 after POM introduction (Table 4). These changes occurred within a relatively short period of approximately four years, thereby indicating its gravity in terms of healthcare and medical economics in Japan. It is difficult to consider this rapid change based on annual trends alone, and there may be an effect of the introduction of POM. Even in the group of patients who did not have postoperative pneumonia, it should be assumed that the introduction of POM had a cost-saving effect. This suggests the need for introduction of POM to hospitals without dental systems, and the need for a sustainable system of POM.




4.3. Cost-Effectiveness Analysis of POM: Evaluation of Incremental Effectiveness Calculation


In this study, incremental effectiveness was defined as a decrease in the incidence rate of postoperative pneumonia in cancer patients. The expected values based on the three aforementioned assumptions were obtained.



The first assumption was that no eligible patient underwent POM or any similar procedure during the period prior to the introduction of POM (April 2010 to March 2012). During this period, certain individual arrangements had been made; for example, a patient could receive preoperative treatment at a dental clinic or/and oral surgery department and have the source of infection removed, if requested by a cardiovascular surgeon. However, no procedure equivalent to POM was performed before cancer surgery.



Hence, the introduction of POM to the national health insurance scheme required hospitals to develop a new system that would allow them to perform the procedure effectively. Since patients eligible for POM were already receiving medical treatment, they were unlikely to voluntarily visit a dentist for POM and would need to be referred to a dentist by a physician, when necessary. The physicians and nurses were informed about the significance of POM, and that performing this procedure would not burden the health professionals or the patients. In addition, the physicians and nurses were provided with information about the standard explanations that must be provided to cancer patients who are not convinced about the benefit of POM, the ideal time for a patient to receive POM, the recommended procedures, and the anticipated financial burden on the patient. In the present study, less than 1% of patients received preoperative dental treatment before POM introduction in or before 2012.



For the second assumption, we conducted a survey at the participating hospital after POM was introduced. The results of the survey indicated that 12.3% of the total patients received preoperative dental treatment. Although it cannot be exhaustively concluded that dental treatment is the same as POM, we assumed that the patients had received POM. Ishimaru et al. [5] evaluated the Japanese national medical fee database and examined the data of approximately 510,000 patients who underwent cancer surgery from May 2012 to December 2015, after the introduction of POM and found that 16.0% patients had received preoperative dental treatment. Therefore, given that the dental intervention rate in this study was still low (12.3%) in 2011–2012 and 16% [5] by 2015, it is possible that the intervention rate will increase further and as a result the incidence of pneumonia will be lower than in this study. A further reduction in health care costs could be expected. Dental interventions increase health care costs by 3.7%, but the incremental cost is negligible.



The third assumption was that, if no eligible patient received POM after its introduction to the national health insurance scheme, the incidence rate of postoperative pneumonia (2.01%) would remain the same as that before the introduction of POM. Although cases from two different periods were compared, they were all considered equivalent through a head-to-head comparison of the aggregated data without adjusting the background factors. This may be considered as a limitation of this study. A preceding study by Ishimaru et al. [5] used data from the Japanese Nationwide Administrative Claims Database and compared the incidence of pneumonia between approximately 80,000 patients who received POM and approximately 420,000 who did not receive POM during the same period. As there was a five-fold difference in the number of patients between these two groups, background factors, such as sex, age, diagnosis, prescription, and medical procedures, were adjusted by propensity score matching analysis. The researchers then weighted the data by the inverse probability of treatment weighting method before comparing the groups.



From a clinical perspective, the onset of postoperative pneumonia in cancer patients involves varying factors, in addition to those suggested by Ishimaru et al. [5], such as the type and stage of cancer (e.g., the TNM staging system and stage classification systems), the preoperative respiratory function and body mass index; the degree of surgical invasiveness (e.g., surgical techniques, surgery duration, blood loss amount), postoperative respiratory management, and postoperative complications (e.g., circulatory disorders, renal dysfunction, hepatic dysfunction). Owing to the fact that different scales are adopted for these factors, a precise analysis would require references to preceding studies that have systematically elucidated inter-factor relationships (confounding factors) and those that weigh each factor by setting postoperative pneumonia in cancer patients as an objective variable. Additionally, the number of sample cases for obtaining reliable results through logistic analysis is required at least ten times as many as the number of objective variables [13]. This requirement was met in the current study where the number of subjects was 11,886 and 13,668 before and after POM. Taking this into account, we listed the aggregated basic patient information, such as age, sex, and comorbidities, and considered to adjust the background factors. No significant difference before and after the introduction of POM was observed for any of the items.



In cases where the third assumption is discredited, wherein the incidence rate of pneumonia is reduced after the introduction of POM, an increase in the incidence rate of postoperative pneumonia relative to that before the introduction of POM may be assumed. An extension in the indication for surgery would lead to an increase in the number of geriatric patients who undergo surgery. This assumption is made given that postoperative pneumonia incident rate will increase before the introduction of POM. In such cases, the cost-effectiveness of POM may be underestimated.




4.4. Cost-Effectiveness Analysis of POM: Appropriateness of the Calculation of Incremental Cost-Effectiveness


The DPC data used in this study did not include increases in the costs for fee-for-service, as per the national dental fee schedule. Therefore, the dental treatment cost for pneumonia prevention can be analyzed separately. The inclusion of preventive costs in the medical DPC would have made it impossible to align the timelines for the onset of pneumonia. Thus, the appropriateness of the incremental cost calculation is ensured in this study.




4.5. Incremental Cost-Effectiveness Ratio and Cost-Effectiveness Analysis of POM


In the present study, we obtained the ICER by defining the prevention of postoperative pneumonia in patients with malignant tumors who received surgery as the effectiveness of POM. As a result, the ICER and reduction in medical cost were −111,927 yen/patient and −250,368,129 yen, respectively. A negative ICER indicated that the introduction of POM increased the effectiveness and lowered the cost, based on which, POM was designated as “dominant”. Although the present study assumed that POM was conducted on all patients, only 12.3% of patients with malignant tumors received POM after its introduction. Thus, the actual ICER of POM could be lower than that reported.



According to the analysis of confounding factors by Kurasawa et al. [6], the odds ratio by introduction was 0.44, and the odds ratio by gender was 2.04 for male and 4.74 by age for over 80 years old. By cancer surgery, the odds ratios were 8.95 for brain tumors, 5.49 for esophageal cancer, 5.87 for gastric cancer, and 3.85 for lung cancer. In all cases, there was a significant difference. When these factors were taken into account, all these cancer surgeries decreased in the proportion of the target group after the introduction, and the proportion of males also decreased. The average age of the patients decreased by 0.9 years. Overall, taking these results into account, we believe that the incidence of pneumonia has decreased due to the effects of the introduction of oral management, which can be calculated using the number of 275 patients.




4.6. Medical Cost Reduction Effect of POM


This study estimated that the introduction of POM reduced the medical costs related to postoperative pneumonia by up to 250,368,129 yen per 13,668 patients.



Dipayan et al. stated that economic evaluation of oral health care is necessary to produce the best health care and maximum benefit with minimum cost to the community based on available resources [14]. This review article states that while there are evaluations of the economic benefits of treating dental caries, periodontal disease, malocclusion, and oral cancer, there are still no evidence of economic benefits on dental fluorosis and TMJ disorders. In this context, the report does not mention the economic benefits of oral hygiene on procedures performed in the medical field. A review of the past literature does not reveal any papers of this nature, excluding the economic effects of care in other parts of the body [15].



Although it is difficult to determine whether the amount is substantial, it may be used as a reference when additional oral management-related procedures to the national health insurance scheme are introduced in other diseases in Japan.



To expand on this result globally, even in countries without universal health care coverage, a small cost for oral management would benefit patients by reducing the length of hospital stay and improving their chances of avoiding the suffering of postoperative pneumonia and its associated treatment costs.





5. Future Subjects


The primary limitations of this study are the variations in the details of POM (e.g., techniques and methods for oral care) between the study subjects and the rates of patients who received POM across the participating hospitals. Future studies would need to perform comparisons by incorporating data on the details of POM performed.



In addition, it is important to analyze and weigh the factors related to the differences in the hospitalization period and mortality rate. Statistically significant differences in hospitalization periods and mortality rates before and after the introduction of POM have been observed, depending on the presence of pneumonia. Nevertheless, the factors that affect these differences are not limited to the presence of postoperative pneumonia. There may be cases wherein a patient with pneumonia may have passed away from heart failure, which had developed as an intercurrent disease. From a statistical perspective, the confounding factors should be examined. A prospective study based on the results of large-scale data analysis would be useful in resolving these issues.



The fact that this is a retrospective study, which referred to DPC data, must be taken into account when conducting prospective studies in the future.




6. Conclusions


A multicenter study that used DPC data from approximately 25,000 postoperative cancer patients statistically found that the introduction of POM had contributed to the reduction in the incidence rate of postoperative pneumonia, the mortality rate, and the duration of hospitalization. Moreover, an analysis of the cost-effectiveness of POM indicated an ICER of approximately 110,000 yen/patient, and a reduction in medical costs through pneumonia prevention of approximately 250,000,000 yen per 13,000 patients. The findings of the current study suggest that POM effectively contributes to the reduction of medical costs.



In the comprehensive medical billing system (Diagnosis Procedure Combination) in Japan, the results of this study could only refer to the effect of reducing the hospital’s losses, but it was thought to be beneficial for patients to reduce the length of hospital stay and improve the suffering of postoperative pneumonia and the associated treatment costs, at a small cost for oral management.



In the future, we would like to attempt to conduct studies that demonstrate the usefulness of oral health care management in other countries’ health care systems.







Author Contributions


All authors were equally involved in the design, development and conduct of the rapid review. H.S. wrote the first original draft of the manuscript, and revised the manuscript based on feedback from all authors. Y.K. (Yasuhiro Kurasawa) conducted the search, statistics and identified the list of articles. Y.M. (Yutaka Maruoka) and Y.M. (Yukihiro Michiwaki) were involved in the preparation and submission of ethical documents. H.M., A.N., S.S., J.S., M.O., S.H., Y.K. (Yutaka Kobayashi) and Y.M. (Yukihiro Michiwaki) were involved in data extraction. M.U. and Y.M. (Yukihiro Michiwaki) provided oversight and supervision. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by the Japan Society for the Promotion of Science, Grant-in-Aid for Scientific Research (C) (18K10014) to H.S., in part by a grant from Japan Agency for Medical Research and Development (AMED) (17dk0110024h000) to Y.M. and in part by a grant from Japanese Dental Science Federation (JDSF-DSP2-2017-000-1) to H.S.




Institutional Review Board Statement


This study was conducted in accordance with the ethical guidelines for medical and health research involving human subjects and those for epidemiological research of the Ministry of Health, Labor and Welfare of Japan.




Informed Consent Statement


The details of the study and the method for refusal to participate were publicly available. Written informed consent to participate in the study was not required. Comprehensive consent is obtained by posting in each hospital.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy and ethical considerations.




Acknowledgments


Advice and comments given by doctors of The Study Group of Hospital Dentistry in the Metropolitan area of Japan (SGHDM Japan) were a great help in this study. We would also like to thank the generous support from Issei Karakida (Tokai University), Yoshimasa Ishii (Ebina General Hospital), Yoshitomo Rikukawa (Showa General hospital), Yasuaki Sakata (Saitama Medical University), Masayasu Murakami (Yamagata Universuty) and Akiko Hisano (Nihon Medical School). A part of this study was presented at the forty-sixth annual meeting of Japanese Collage of Surgeons (Tokyo), Workshop two “Roles and challenges of the perioperative management team”.




Conflicts of Interest


The authors declare that there is no conflict of interest in this study.




References


	



Yoneyama, T.; Yoshida, M.; Matsui, T.; Sasaki, H. Oral care and pneumonia. Oral Care Working Group. Lancet 1999, 354, 515. [Google Scholar] [CrossRef]

	



Akutsu, Y.; Matsubara, H.; Shuto, K.; Shiratori, T.; Uesato, M.; Miyazawa, Y.; Hoshino, I.; Murakami, K.; Usui, A.; Kano, M.; et al. Pre-operative dental brushing can reduce the risk of postoperative pneumonia in esophageal cancer patients. Surgery 2010, 147, 497–502. [Google Scholar] [CrossRef] [PubMed]

	



Teramoto, S.; Fukuchi, Y.; Sasaki, H.; Sato, K.; Sekizawa, K.; Matsuse, T. Japanese Study Group on Aspiration Pulmonary Disease High incidence of aspiration pneumonia in community—And hospital-acquired pneumonia in hospitalized patients: A multicenter, prospective study in Japan. J. Am. Geriatr. Soc. 2008, 56, 577–579. [Google Scholar] [CrossRef] [PubMed]

	



Trinh, V.Q.; Ravi, P.; Abd-El-Barr, A.-E.-R.M.; Jhaveri, J.K.; Gervais, M.-K.; Meyer, C.P.; Hanske, J.; Sammon, J.D.; Trinh, Q.-D. Pneumonia after Major Cancer Surgery: Temporal Trends and Patterns of Care. Can. Respir. J. 2016, 2016, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Ishimaru, M.; Matsui, H.; Ono, S.; Hagiwara, Y.; Morita, K.; Yasunaga, H. Preoperative oral care and effect on postoperative complications after major cancer surgery. J. Br. Surg. 2018, 105, 1688–1696. [Google Scholar] [CrossRef] [PubMed]

	



Kurasawa, Y.; Maruoka, Y.; Sekiya, H.; Negishi, A.; Mukohyama, H.; Shigematsu, S.; Sugizaki, J.; Karakida, K.; Ohashi, M.; Ueno, M.; et al. Pneumonia prevention effects of perioperative oral management in approximately 25,000 patients following cancer surgery. Clin. Exp. Dent. Res. 2019, 6, 165–173. [Google Scholar] [CrossRef] [PubMed]

	



Soutome, S.; Hasegawa, T.; Yamguchi, T.; Aoki, K.; Kanamura, N.; Mukai, T.; Yamazoe, J.; Nishikawa, M.; Isomura, E.; Hoshi, K.; et al. Prevention of postoperative pneumonia by perioperative oral care in patients with esophageal cancer undergoing surgery: A multicenter retrospective study of 775 patients. Support Care Cancer 2020, 28, 4155–4162. [Google Scholar] [CrossRef] [PubMed]

	



Ministry of Health; Labor and Welfare. Central Social Insurance Medical Council; A Cost-Effectiveness Analysis Has Been im-plemented on a Trial Basis Since 2016. Available online: https://www.mhlw.go.jp/file/05-Shingikai-12404000-Hokenkyoku Iryouka/0000122983.pdf (accessed on 10 January 2019).

	



Shiroiwa, T.; Igarashi, A.; Fukuda, T.; Ikeda, S. WTP for a QALY and health states: More money for severer health states? Cost Eff. Resour. Alloc. 2013, 11, 22. [Google Scholar] [CrossRef] [PubMed]

	



Sekiya, H.; Kurasawa, Y.; Kaneko, K.; Takahashi, K.-I.; Maruoka, Y.; Michiwaki, Y.; Takeda, Y.; Ochiai, R. Preventive Effects of Sustainable and Developmental Perioperative Oral Management Using the “Oral Triage” System on Postoperative Pneumonia after Cancer Surgery. Int. J. Environ. Res. Public Health 2021, 18, 6296. [Google Scholar] [CrossRef] [PubMed]

	



Hua, F.; Xie, H.; Worthington, H.; Furness, S.; Zhang, Q.; Li, C. Oral hygiene care for critically ill patients to prevent ventilator-associated pneumonia. Cochrane Database Syst. Rev. 2016, 10, CD008367. [Google Scholar] [CrossRef] [PubMed]

	



Ministry of Health. Labor and Welfare: Population Movements Report 2014. Available online: http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei14/ (accessed on 1 December 2017).

	



Peduzzi, P.; Concato, J.; Kemper, E.; Holford, T.R.; Feinstein, A.R. A simulation study of the number of events per variable in logistic regression analysis. J. Clin. Epidemiol. 1996, 49, 1373–1379. [Google Scholar] [CrossRef]

	



Dipayan, D.; Sujatha, A.; Aswath, N.; Ramesh, K.; Leena, S. Health Economics—Oral Health Care Perspective. Sch. J. Dent. Sci. 2017, 4, 177–185. [Google Scholar] [CrossRef]

	



Yamashita, K.; Anzai, E.; Yamashita, T.; Ohta, Y.; Sato, M.; Ino, S.; Yamada, K.; Ohno, Y. Reduction in Fall Risk and Medical Cost with Foot Care in the Elderly. Adv. Biomed. Eng. 2017, 6, 83–87. [Google Scholar] [CrossRef]








[image: Ijerph 18 07453 g001 550] 





Figure 1. Case distribution and differentiation between the actual and expected values. Actual values are shown as a bold black line and Expected values as a dashed line. Perioperative oral management is abbreviated to POM. 
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Figure 2. Differences in the duration of hospitalization and costs depending on the presence of complications. Numbers are the actual numbers of days of hospitalization after the introduction of perioperative oral management (POM). Dashed line shows preoperative dental treatment, blue line shows postoperative dental treatment, the range shown in dark blue represents treatment cost A (Treatment Cost A; Cancer-related treatment cost + Treatment cost for comorbidities). The range shown in red line represents treatment cost generated by complication. 
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Table 1. Characteristics of Target group. Pre-introduction: before the introduction of perioperative oral management. Post-introduction: after the introduction of perioperative oral management.
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	Pre-Introduction

(n = 11,886)
	Post-Introduction

(n = 13,668)
	p Value





	Age (year), mean ± SD
	65.5 ± 13.5
	64.6 ± 13.9
	<0.001



	Sex (male), n (%)
	6385 (53.7)
	6577 (48.1)
	<0.001



	Pneumonia, n (%)
	239 (2.0)
	114 (0.8)
	<0.001



	Cancer type, n (%)
	
	
	



	Stomach
	2060 (17.3)
	2177 (15.9)
	



	Colon
	1493 (12.5)
	1657 (12.1)
	



	Liver and intrahepatic bile duct
	1267 (10.6)
	1234 (9.0)
	



	Rectum and anus
	1118 (9.4)
	1224 (8.9)
	



	Lung
	1002 (8.4)
	990 (7.2)
	



	Breast
	965 (8.1)
	2010 (14.7)
	



	Cervix and uterine body
	917 (7.7)
	1156 (8.4)
	



	Brain
	535 (4.5)
	526 (3.8)
	



	Esophageal
	529 (4.4)
	553 (4.0)
	



	Prostate
	422 (3.5)
	371 (2.7)
	



	Ovary and uterine appendage
	258 (2.1)
	283 (2.0)
	



	Renal
	238 (2.0)
	239 (1.7)
	



	Head and neck
	220 (1.8)
	277 (2.0)
	



	Pancreas
	221 (1.8)
	215 (1.5)
	



	Non-melanoma skin
	138 (1.1)
	141 (1.0)
	



	Thyroid gland
	128 (1.0)
	183 (1.3)
	



	Gallbladder and extrahepatic Bile duct
	121 (1.0)
	149 (1.0)
	



	Renal pelvis and ureter
	94 (0.7)
	129 (0.9)
	



	Small intestine and peritoneum
	58 (0.4)
	66 (0.4)
	



	Melanoma
	51 (0.4)
	41 (0.2)
	



	Mediastinal
	31 (0.2)
	30 (0.2)
	



	Soft tissue
	16 (0.1)
	15 (0.1)
	



	Bone
	4 (0.0)
	2 (0.0)
	



	Cornea, eye, and appendage
	0 (0)
	0 (0)
	



	Genital
	0 (0)
	0 (0)
	



	Vulva
	0 (0)
	0 (0)
	



	Vagina
	0 (0)
	0 (0)
	



	Other
	0 (0)
	0 (0)
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Table 2. Relationship between the number of days of hospitalization and the presence of postoperative pneumonia.
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Number of Patients

	
Number of Days of Hospitalization (Days)




	
Mean

	
SD

	
Mann-Whitney’s u Test






	
Pre-POM

introduction

	
Without

pneumonia

	
11,647

	
17.5

	
16.4

	
4.77 × 10−7




	
With

pneumonia

	
239

	
29.8

	
35.8




	
Post-POM

introduction

	
Without

pneumonia

	
13,554

	
16.2

	
16.5

	
4.86 × 10−32




	
With

pneumonia

	
114

	
45.4

	
38.7
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Table 3. Relationship between treatment cost and the presence of postoperative pneumonia.
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Number of Patients

	
Treatment Cost (JPY)




	
Mean

	
SD

	
Mann-Whitney’s u Test






	
Pre-POM

introduction

	
Without

pneumonia

	
11,647

	
1,274,746

	
920,790

	
1.32 × 10−2




	
With

pneumonia

	
239

	
1,772,632

	
1,765,310




	
Post-POM

introduction

	
Without

pneumonia

	
13,554

	
1,295,762

	
1,007,162

	
5.62 × 10−30




	
With

pneumonia

	
114

	
2,962,771

	
1,964,419
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Table 4. Relationship between discharge due to death and the presence of postoperative pneumonia.
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Number of Patients

	
Number of Patients Discharged

Due to Death




	
% (Patients)

	
χ2 Test






	
Pre-POM

introduction

	
Without

pneumonia

	
11,647

	
0.61 (71)

	
4.81 × 10−6




	
With

pneumonia

	
239

	
4.18 (10)




	
Post-POM

introduction

	
Without

pneumonia

	
13,554

	
0.41 (56)

	
8.78 × 10−7




	
With

pneumonia

	
114

	
6.14 (7)
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Table 5. Incidence rate of post-admission pneumonia.
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Without Pneumonia

	
With Pneumonia (%)

	
χ2 Test






	
Pre-POM in-troduction

	
11,647

	
239 (2.01)

	
7.30 × 10−6




	
Post-POM in-troduction

	
13,554

	
114 (0.83)
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