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Introduction: Previous studies measuring intervals on the oral cancer care pathway have been heterogenous, showing mixed results with regard to patient outcomes. The aims of this research were (1) to calculate pooled meta-analytic estimates for the duration of the patient, diagnostic and treatment intervals in oral cancer, considering the income level of the country, and (2) to review the evidence on the relationship of these three intervals with tumor stage at diagnosis and survival.

Materials and methods: We conducted a systematic review with meta-analysis following PRISMA 2020 guidelines (pre-registered protocol CRD42020200752). Following the Aarhus statement, studies were eligible if they reported data on the length of the patient (first symptom to first presentation to a healthcare professional), diagnostic (first presentation to diagnosis), or treatment (diagnosis to start of treatment) intervals in adult patients diagnosed with primary oral cancer. The risk of bias was assessed with the Aarhus checklist.

Results: Twenty-eight studies reporting on 30,845 patients met the inclusion criteria. The pooled median duration of the patient interval was 47 days (95% CI = 31–73), k = 18, of the diagnosis interval 35 days (95% CI = 21–38), k = 11, and of the treatment interval 30 days (95% CI = 23–53), k = 19. In lower-income countries, the patient and treatment intervals were significantly longer, and longer patient intervals were related to later stage at diagnosis. In studies with a lower risk of bias from high-income countries, longer treatment intervals were associated with lower survival rates.

Conclusion: Interval duration on the oral cancer care pathway is influenced by the socio-economic context and may have implications for patient outcomes.
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1. Introduction

Oral cancer is the most incident type of head and neck cancer. In 2020, lip and oral cavity cancer together accounted for an estimated 377,713 new cases worldwide (40.5% of all new cases of head and neck cancer) (1). Its global annual age-standardized rate (ASR-W) is 4.1 cases per 100,000 population, showing broad variation across regions. Melanesia and South-Central Asia present the highest ASR, while the lowest is found in Western Africa (1). Although therapeutic advances have improved 5-year overall survival in the last decades up to about 40–60% (2, 3), oncologic outcomes remain poor, especially in patients with advanced disease (4). Therefore, there is a need to develop strategies aimed at improving survival for patients with oral cancer.

The timeliness of oral cancer diagnosis and treatment is thought to play a crucial role in patients’ outcomes. This is usually assessed by estimating the time elapsed between key events in the cancer care pathway described in the Model of Pathways to Treatment proposed by Andersen et al. (5, 6). In particular, three intervals describe the time elapsed between the start of symptoms and treatment initiation. The patient interval comprises the time from symptom onset to first presentation to a healthcare professional; the diagnostic interval, from first presentation to diagnosis; and the treatment interval, from diagnosis to start of treatment.

Delays in oral cancer diagnosis are common because of patient and healthcare system factors. Patient factors include health-related behaviors and lack of awareness (7), while inadequate healthcare access constitutes the main healthcare system factor (8). In addition, comorbidity and the primary treatment modality (e.g., surgery or radiotherapy) can both influence the time elapsed between diagnosis and treatment (9).

Available evidence suggests that delays in oral cancer diagnosis and treatment are associated with worse patient outcomes. In particular, longer time intervals to diagnosis have been associated with advanced tumor stage at diagnosis in some studies (10). In turn, tumor stage is strongly associated with survival (11) and the degree of spread to regional lymph nodes (pN) is one of the main predictors of survival in cancer of the oral cavity (12). Furthermore, longer treatment intervals have been associated with lower survival (13). A U-shaped association indicating higher mortality rates in patients with the shortest and longest times to treatment has been described (14). However, previous research on time intervals in oral cancer is characterized by heterogeneity in study designs, particularly concerning the definition of intervals, which has limited our understanding of their impact (15).

Beyond clinical aspects, cancer intervals are also related to social factors. A recent meta-analysis estimated that patient intervals in head and neck cancers are twice as long in low- and middle-income countries (LMICs) compared to high-income countries (16). To further complicate matters, the incidence of oral cancer in countries with low or medium human development index (HDI) is twice as high as that in their high or very high HDI counterparts (17), suggesting that socioeconomic factors partially explain geographical disparities (18). Additionally, socioeconomic deprivation has also been identified as a determinant of survival in oral cancer (19).

Previous systematic reviews have documented a large variation in the duration of different intervals on the cancer care pathway and their relationship with factors such as tumor stage, symptoms, and survival (15, 20–22). However, socioeconomic factors have seldom been considered and no previous review has offered a meta-analysis of the three main intervals comprising the cancer care pathway. Thus, the first objective of this review was to calculate pooled meta-analytic estimates of the duration of the patient, diagnostic, and treatment intervals in oral cancer, considering the income level of the country. The second objective was to systematically compile and synthesize the evidence on the relationship of these three intervals with tumor stage at diagnosis and survival.



2. Materials and methods

The PRISMA 2020 statement for conducting and reporting systematic reviews was followed (23). This study is based on a larger review of diverse cancer sites, including oral cancer (pre-registered protocol CRD42020200752) (16).


2.1. Eligibility criteria

For the larger review, studies reporting data on the length of the patient, diagnostic, or treatment intervals for any cancer site in adult patients (defined as mean sample age ≥ 30 years) presenting with symptomatic confirmed primary cancers were considered. The following were excluded: (a) articles not reporting the results of original studies, (b) qualitative studies not reporting interval duration in a way possible for analysis, (c) studies reporting on children, adolescents, or young adults, (d) studies reporting on patients with cancer diagnosed accidentally or through screening, (e) studies reporting on patients with relapsed cancer, (f) studies in languages not understood by the research team (i.e., languages other than English, Spanish, French, Portuguese, German, Dutch, Bulgarian, and Slovak), and (g) studies not reporting the sample size. If studies reported interval duration for periods after the start of the COVID-19 pandemic and authors discussed its potential effects on the intervals reported, only intervals prior to the pandemic were considered. The larger review included multiple cancer sites (e.g., breast cancer), which extend beyond the scope of this work; therefore, in the current review, only articles reporting data on patients with oral cancer, defined as lip and oral cavity cancer (ICD-10 codes C00-C06), were further selected.

According to the Aarhus Statement on early cancer diagnosis (6), the definitions of the intervals were the following: the time elapsed between the date of the first symptom and the date of the first presentation to a healthcare professional (patient interval), the time elapsed between the date of first presentation to a healthcare professional and the date of diagnosis (diagnostic interval), and the time elapsed between the date of diagnosis and the date of the start of treatment (treatment interval). Studies had to report, at a minimum, the median or mean duration of the interval in days, weeks, or months, and the number of patients, in order to be included.



2.2. Data sources and search strategy

A broad search strategy in MEDLINE (using the Ovid platform), Embase, and Web of Science (WOS)-Core Collection was designed and conducted by a librarian (the search strategy can be found in Supplementary Data S1). Moreover, to identify gray literature, Google Scholar, EThOS, OpenGrey, and ProQuest Dissertations & Theses were searched. Last, backward citation searching (e.g., references from articles deemed as relevant were also reviewed) was conducted to identify additional studies. The search strategy included articles published from January 2009 to May 2022. The date of start was chosen to match the date of publication of the Olesen Model (24) and the Model of Pathways to Treatment (25), two seminal articles on the intervals throughout the cancer care continuum. No restrictions were imposed by language or country.



2.3. Article selection

The Covidence software1 was used to manage the systematic review. Blind screening of 26% of the abstracts retrieved was independently performed by two reviewers. Agreement was satisfactory against the pre-established criterion of >90%, with agreement rates ranging from 87 to 100%; disagreements were discussed among the reviewers. Afterward, abstract screening was continued individually.

Full text screening was performed by two reviewers blinded to each other’s decisions. Disagreements were documented and resolved by discussion or by a third reviewer. Reasons for exclusion were further documented.



2.4. Data extraction

For each study, the following were recorded: year of publication, period of data collection, country, total number of patients with oral cancer, study design, study setting, data sources (i.e., questionnaires/interviews, medical records and/or specialized large databases), inclusion and exclusion criteria, type of interval (s) studied, availability of data on tumor stage, and availability of data on survival.

For each interval, statistical data recorded if available (in days) included: median, interquartile range, minimum, maximum, mean, standard deviation (SD), sample size (N)–considering only patients with data on the duration of any of the intervals of interest–, country, year of start and end of data collection, mode of diagnosis confirmation, and modality of the first treatment if specified (concerning the treatment interval).

According to the 8th edition of the Union for International Cancer Control (UICC) TNM classification, tumor stage ranges from disease localized to the organ of origin (I and II) to locally extensive spread to regional lymph nodes (III) and distant metastasis (IV) (26). For the tumor stage, the proportion of patients with each UICC/AJCC stage (I, II, III, IV) and its association with the length of the intervals of interest were recorded.

For survival, the type (i.e., overall, disease-specific, recurrence-free, and/or relative survival) and measure of the outcome (i.e., the survival rate at a given number of years and/or median survival), along with its association with the length of the intervals of interest were recorded.



2.5. Risk of bias

The risk of bias concerning the intervals on the cancer treatment pathway in each study was evaluated using a short form of the “Aarhus statement checklist” (6) developed for studies quantifying such intervals. The checklist contains questions regarding interval definitions, measurement, healthcare context, use of theoretical frameworks, discussion of validity, and biases, among others (Supplementary Data S2 contains the Aarhus checklist). It was completed independently by two reviewers and disagreements were resolved by a third reviewer. Studies with scores below 25% were considered as high risk, studies with scores of 75% and above as low risk, and the remainder as intermediate risk [the Aarhus statement does not define risk thresholds, so a previously used categorization was followed (16)].



2.6. Synthesis of results

To estimate the pooled duration of the patient, diagnostic, and treatment intervals, a meta-analysis was conducted using the “metamedian” package (27) in R software version 4.1.1 (28), based on the “median of medians” method suitable for heterogeneous data. Study-specific estimates were combined in a pooled median and 95% confidence intervals (CI) were calculated.

This process was done for all studies together and stratified by income level of the country according to the gross national income (GNI). Countries were classified as “low-income” with GNI of less than $1,046, “lower-middle income” with GNI between $1,046 and $4,095, “upper-middle income” between $4,096 and $12,695, and “high income” with GNI of more than $12,695 per capita, following the thresholds agreed on 2021 for fiscal year 2022 (29).

If the median is not reported, the mean can be used instead in the “metamedian” package (27). In our case, means were imputed as medians in 6, 0, and 37% of studies analyzing the patient, diagnostic, and treatment interval, respectively. Yet, using means may introduce bias when the mean is not a sufficiently good approximation of the median. For this reason, as sensitivity analysis, we estimated the pooled median duration of intervals after excluding studies that only reported means. We also estimated the pooled median duration after excluding studies with a high risk of bias.

To summarize results on the relationship between the intervals of interest and tumor stage and survival, we performed a qualitative synthesis of results. Considerable heterogeneity among studies was observed regarding how tumor stage and survival were reported, which prevented us from conducting a quantitative synthesis.




3. Results


3.1. Description of studies

The initial search retrieved a total of 9,922 records after the removal of duplicates, of which 410 articles met the eligibility criteria and were included in the larger review. Among them, 28 studies reported at least one of the intervals of interest in patients with oral cancer and were thus included in the current review (30–57). Figure 1 shows the flow diagram of the article selection process.

[image: Figure 1]

FIGURE 1
 PRISMA flow diagram of the study selection process.


Table 1 shows the most relevant information about each article (further information is presented in Supplementary Data S3, available on the Open Science Framework). The studies included were conducted in 16 different countries, Australia and India being the most frequent with three articles each; the majority of studies reported data from high-income countries (n = 17). Most studies were retrospective (n = 13) or cross-sectional (n = 13).



TABLE 1 Detailed summary of studies included in the systematic review.
[image: Table1]

Overall, the studies included 30,845 patients with oral cancer, of which 1,995 had data on the patient interval, 1,303 on the diagnostic interval, and 29,047 on the treatment interval. In terms of articles, 17 reported data on the patient interval, 11 on the diagnostic interval, 14 on the treatment interval, and 4 on the three intervals of interest simultaneously. The main data sources were medical records (n = 15), and questionnaires or interviews (n = 14). Most studies were conducted in a hospital or clinical setting (n = 19) (Supplementary Data S3).

The average score on the Aarhus checklist was 47%. The risk of bias was high in 7, medium in 19, and low in 2 studies. Most studies provided precise, transparent, and reproducible interval definitions (n = 18), 12 fully described the healthcare context, and seven acknowledged the need for theoretical validation or referenced a framework underpinning the measurement of intervals and time points. The individual ratings are shown in Supplementary Table S1.



3.2. Meta-analysis

Figure 2 illustrates the pooled estimates of the patient, diagnostic, and treatment interval.
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FIGURE 2
 Forest plot representing the pooled median duration and 95% confidence intervals for the patient (A), diagnostic (B), and treatment (C) intervals in oral cancer. The asterisk (*) represents a median obtained from only one study, which prevented an estimation of the confidence interval. CI, confidence interval; IQR, interquartile range. k: number of studies or, alternatively, number of groups of patients in whom an interval duration was measured (e.g., a study may have reported the duration of the treatment interval for women and men separately). N: number of patients with available information on each interval’s duration.



3.2.1. Patient interval

The median duration of the patient interval varied widely between studies, ranging from 14 to 92 days. The pooled estimate of all studies was 47 days (95% CI = 31–73), k = 18, and it varied only slightly after the exclusion of high-risk studies and studies reporting only means. A gradient by income level was observed for the pooled estimate, such that in lower-middle-income countries, with 75 days (95% CI = 50–90), it was twice as long as in upper-middle-income countries, with 36 days (95% CI = 30–45), and in high-income countries, with 31 days (95% CI = 22–87).



3.2.2. Diagnostic interval

The diagnostic interval showed a smaller variation, its median ranging between 14 and 49 days. The pooled estimate was 35 days (95% CI = 21–38), k = 11; all studies analyzing the diagnostic interval had a low or medium risk of bias and reported medians. The diagnostic interval showed no recognizable pattern according to country income level.



3.2.3. Treatment interval

The treatment interval ranged from 18 to 56 days, with an overall pooled estimate of 30 days (95% CI = 23–53), k = 19, which was reduced to 25 days (95% CI = 19–30), k = 12, after excluding studies that only reported means. The treatment interval was longer in studies from low-income countries (79 days [95% CI = 55–103]) compared to lower-middle-income (20 days in one available study) and high-income countries (30 days [95% CI = 23–53]). There were no studies from upper-middle-income countries reporting the treatment interval.




3.3. Stage at diagnosis

The tumor stage at diagnosis was recorded in 19 articles, 6 of which categorized the stage into early (stages I and II) and advanced (stages III and IV); in 5 studies, the stage was reported for patients with oral and other related cancers (usually oropharynx and larynx) together (see Table 1). The proportion of patients in each stage at diagnosis varied broadly between studies (Table 1).

Nine studies analyzed the association between the duration of the intervals of interest and oral cancer stage at diagnosis (see Table 2). The reporting of significant vs. non-significant results did not appear to be related to the study sample size or the risk of bias in studies but was related to the income level of the country.



TABLE 2 Association between the intervals on the oral cancer care pathway, stage and diagnosis, and survival.
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Two studies, conducted in lower-middle-income countries, found that patient intervals longer than 60 days (31) and 90 days (56), respectively, were associated with more advanced stages; however, three studies from high-income countries reported no significant association between the patient interval and stage at diagnosis (32, 46, 54). One study from an upper-middle-income country reported that diagnostic intervals longer than 30 days were associated with more advanced stages (31); nonetheless, three other studies from high-income countries reported no association (32, 46, 54). Finally, the relationship between the treatment interval and stage at diagnosis was only reported in studies from high-income countries. Two studies (40, 55) reported that treatment intervals longer than 20 days were associated with more advanced stages but four other studies reported no significant association (37, 39, 46, 54).



3.4. Survival

Survival was analyzed in seven studies, all from high-income countries. The most frequently reported measure was 5-year overall survival, which ranged from 58 to 66%, while one study estimated 2-year overall survival at 86%. Other measures studied included 5-year disease-specific survival (67%), median survival (4.3 years), and recurrence-free survival (not reported).

None of the studies examined the association between the patient or the diagnostic interval and survival. Five studies analyzed the association between the treatment interval and survival. In three of them, treatment intervals longer than 20 days (37, 40) and 45 days (41) were associated with lower survival rates. These were the studies with relatively higher methodological quality, with an average score of 76%. The remaining studies found no significant association (39, 55).

Table 2 summarizes the association between the patient, diagnostic and treatment intervals with stage at diagnosis and survival.




4. Discussion


4.1. Duration of intervals

To the best of our knowledge, this is the first review to offer pooled meta-analytic estimates of intervals on the oral cancer care pathway using validated methods. Our results suggest that, on average, at least half of patients take more than 1.5 months to consult a healthcare professional after noticing symptoms, and for at least half of patients it takes about a month to have oral cancer diagnosed and another month to start treatment.

The meta-analysis also revealed important differences between high and lower-income countries. All three intervals were relatively homogenous in studies from high-income countries with pooled median duration of about 1 month for each interval. However, in lower-income countries, the patient interval was notably higher (and was associated with more advanced stages at diagnosis). Likewise, the treatment interval was longer in lower-income countries, but the number of studies was much smaller and this finding should therefore be interpreted with caution.

These macro-level findings echo the results of several previous studies showing that socioeconomic factors play a role in oral cancer outcomes. For instance, a systematic review identified economic constraints as a reason for longer patient and diagnostic intervals in oral cancer (58). A relationship between socioeconomic factors and oral cancer survival was suggested in a study conducted in Germany (59). In India, lower socioeconomic status was related to a longer patient interval in patients with oral or oropharyngeal cancer (60). Another study described a direct link between deprivation at the neighborhood level and oral cancer mortality in England (61). Overall, socioeconomic deprivation—across and within countries—may contribute to longer interval duration and indirectly to lower oral cancer survival.



4.2. Stage at diagnosis and survival

The analysis of the relationship between the duration of specific intervals and the stage at diagnosis showed inconsistent results: while longer patient and diagnostic intervals were related to later stage at diagnosis, this association was restricted to studies from lower-income countries. Long delays in help-seeking for symptoms, such as those that tend to occur in more socioeconomically deprived contexts, might lead to a more advanced stage at diagnosis. In contrast, the relationship between the duration of the treatment interval and the stage was only examined in studies from high-income countries, showing contradictory results.

In addition, oral cancer stage at diagnosis exhibited great variation. In about half of the studies included, which were conducted in high-income countries, diagnosis at earlier stages (I-II) was more common, whereas, in the remainder, more advanced stages (III-IV) were more frequent. The proportion of patients diagnosed at each stage is context-dependent (62, 63) and intervals are frequently arbitrarily categorized in an attempt to distinguish acceptable intervals from delays. These two factors may be contributing to the mixed results in the literature: in this review, for each of the three intervals of interest, we found at least one study reporting a positive association and at least one study reporting no association at all.

In the current review, 5-year overall survival was approximately 60%, similar to that found in other studies from South Korea (64), Finland, and Sweden (65). In studies from high-income countries with a lower risk of bias, longer treatment intervals were associated with poorer survival rates, in accordance with the systematic review by Graboyes et al. (13). In this vein, an inverse association has been described between the time elapsed from presentation to the start of treatment and survival, at least in early-stage disease (66). However, no study analyzed the impact of the patient or the diagnostic intervals on survival. Overall, more studies are needed to better understand the relationship between the intervals studied and oral cancer survival.



4.3. Broader implications for practice

This review suggests that patient intervals in lower-income contexts could be longer than 2 months for the majority of patients and that longer duration of intervals may be associated with later stage at diagnosis. Thus, reducing the time elapsed between symptom start and presentation to a healthcare professional could be an effective strategy to improve patient outcomes. Several factors shape the duration of intervals beyond the socioeconomic context. Arguably, the patient interval is strongly influenced by patient awareness about oral cancer (67, 68). Better knowledge of cancer symptoms and less negative beliefs about cancer are associated with shorter patient intervals (69, 70). Unfortunately, patient awareness about oral cancer, its risk factors, and main warning signs remains low, especially in low- and lower-middle-income countries (71–73); the fact that highly educated individuals are no exception may constitute a matter of concern (74). Furthermore, as stated in the Model of Pathways to Treatment (5), the patient’s journey takes place within a specific healthcare context. Consequently, barriers to healthcare access may also prolong the patient interval (75). A systematic review reported lower access to dental services in individuals without insurance coverage, rural residents, and ethnic minorities (76).

The diagnostic interval is strongly influenced by professional awareness of oral cancer, in which gaps in knowledge, attitude, and practices have been identified in different regions, including low-income countries (perhaps due to insufficient training) (77, 78). Healthcare providers tend to underestimate the importance of betel quid and diet as risk factors and medical and dental practitioners vary in their diagnostic procedures (79). In addition, comorbidity may increase the diagnostic interval (80) and, especially, the treatment interval, as it adds complexity to clinical management. Besides advanced stages at diagnosis (discussed above), other factors germane to longer treatment intervals include transitions in care (81), radiotherapy as the primary treatment (41), and unavailability of timely delivery of care (9).

More broadly, neglect of the social determinants of health and health behavior theory has rendered multiple strategies aimed at raising public and professional awareness of oral cancer ineffective in the long term (82). In particular, media awareness campaigns can increase knowledge about oral cancer but more evidence is needed for their long-term effectiveness in reducing intervals and late-stage disease (82). Two additional approaches could help reduce the burden of oral cancer. Primary prevention includes the reduction of tobacco and alcohol consumption, whereas secondary prevention encompasses systematic screening of high-risk groups (83) and opportunistic screening in primary care (84). In regard to the latter, the dental team plays an essential role. Training of dental students includes risk factors for oral cancer, as well as detection of premalignant lesions (85); in fact, having regular dentist care is associated with earlier stages at diagnosis (86). Nevertheless, high-risk individuals are less likely to be regular dental attendees and to potentially benefit from dental screening (87). Acknowledging that access to dental practitioners is highly dependent on the organization of each country’s healthcare system, we think that a close collaboration between dental and medical professionals in primary care could be a promising way forward.



4.4. Limitations

Firstly, the measurement of the intervals studied could be biased in a number of ways (e.g., recall bias), evidenced by the great variation in risk of bias scores according to the Aarhus checklist. Although excluding studies with a high risk of bias had little effect on the pooled estimates, only a few articles were classified as low risk, indicating that the measurement of oral cancer time intervals is not yet sufficiently standardized. Secondly, our findings may be subject to selection bias in the articles included (88), as most studies did not include patients who were too ill to answer, died shortly after diagnosis, presented unusually long intervals, or had missing data. As a result, estimates of interval duration may have limited external validity, despite the global scope of this review. Thirdly, to minimize the risk of publication bias, sources of gray literature were searched and numerous languages were considered. However, tests for publication bias (e.g., Egger’s test), could not be performed as data pooled into meta-analysis is not based on significance testing. Fourthly, although we examined the risk of bias regarding interval measurement, we did not use any of the common tools to assess the broader methodological quality of the studies included [e.g., the Newcastle-Ottawa scale for observational studies (89)]. The objectives of this review were to estimate the duration of intervals on the oral cancer care pathway and to explore potential prognostic implications, rather than measuring the overall quality of extant evidence. Fifthly, because of selective and heterogeneous reporting of the stage at diagnosis and survival, we were unable to perform a quantitative synthesis of their association with interval duration. Sixthly, as expected, high-income countries were vastly more represented than lower-income countries. To adequately inform global policies intending to reduce the burden of oral cancer, more research is needed in low- and middle-income countries, which requires addressing inequities halting global health research (90).



4.5. Conclusion

Overall, interval duration is influenced by the socioeconomic context and may have key implications for patient outcomes. In particular, in lower-income countries, patient and treatment intervals were longer, and longer patient intervals were related to later stage at diagnosis. In studies with a smaller risk of bias from high-income countries, longer treatment intervals were associated with lower survival. Further research is needed, particularly in under-resourced settings and in relation to survival.
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