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Abstract

Background: Timely diagnosis remains a major challenge in oral cancer, with more than half of cases diagnosed at
advanced stages. Although the patient interval has been suggested as a key component of the diagnostic pathway,
its relative contribution and temporal evolution remain insufficiently characterized. This study aimed to quantify
diagnostic and treatment intervals in oral cancer and to evaluate the relative contribution of the patient interval us-
ing the Aarhus Statement framework, comparing current data with a historical cohort recruited a decade earlier in
North-Western Spain.

Material and Methods: A hospital-based ambispective observational study was conducted including consecutive in-
cident cases of histologically confirmed oral squamous cell carcinoma diagnosed in 2025 at a tertiary referral center.
Time intervals from first symptom to treatment initiation were defined according to the Aarhus Statement. Recall
bias was minimized through triangulation of patient interviews, relatives’ reports, and clinical records. Median inter-
vals and interquartile ranges were calculated, and comparisons were performed with a historical cohort recruited in
2015 under identical methodological criteria. Ratios between intervals were estimated to assess the relative contribu-
tion of the patient interval.

Results: The median patient interval decreased slightly in 2025 compared with 2015 (25 vs. 31.5 days). Primary care
and diagnostic intervals were shorter, whereas specialist and pre-treatment intervals increased. The total pre-treat-
ment interval remained stable between cohorts. Ratio analyses showed that the patient interval represented a limited
proportion of the total diagnostic and treatment pathway, with no significant temporal differences.

Conclusions: Temporal changes in the oral cancer pathway were heterogeneous, suggesting a redistribution of delays
toward later intervals of care. The patient interval was not the main contributor to overall time to treatment, high-
lighting the need for system-level strategies targeting specialist assessment and treatment initiation phases.

Keywords: Oral cancer, diagnostic intervals, patient interval, early diagnosis, time-to-treatment, Aarhus Statement.
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Introduction

Oral cancer was the 16th most common malignancy
worldwide in 2022, with marked international vari-
ability in incidence rates [1]. The highest incidence
has been reported in Palau and several Asian regions.
Countries such as India, Austria, the Czech Republic,
and the United Kingdom have also experienced rising
incidence trends in recent years [2,3]. In this context,
lip and oral cavity cancers represent a major public
health challenge in Europe, with 62,103 incident cases
reported in 2022 [4]. In Spain specifically, a 35.4% in-
crease in incident cases and a 42.3% increase in mor-
tality are estimated by 2045 [1].

More than half of oral cancer cases are diagnosed at
advanced stages (stage III-IV), which substantially
compromises prognosis. Five-year survival rates range
between 30% and 65% and have shown little improve-
ment over recent decades [4-6].

Early diagnosis and timely treatment are associated
with improved quality of life and better overall sur-
vival, although the strength of this association varies
across cancer types [7]. In oral cancer, patients experi-
encing diagnostic delays are significantly more likely
to present with advanced-stage disease [8], and such
delays constitute a moderate risk factor for cancer-re-
lated mortality in head and neck cancers [9].
Although the term diagnostic delay has been recog-
nized as potentially stigmatizing-due to its implicit
attribution of “culpability” and its medico-legal im-
plications-it has been widely adopted in the scientific
literature for over 80 years [10]. This historical us-
age has led to substantial heterogeneity in conceptual
definitions and criteria for diagnostic delay, hindering
evidence synthesis and comparability across studies
[11,12]. Consequently, its use has been discouraged in
favor of describing specific events, processes, time in-
tervals, and contributing factors within a structured
model of the cancer patient pathway to treatment [11].
Adoption of this conceptual framework has improved
the design and reporting quality of studies on early
cancer diagnosis [11,13].

Despite evidence indicating that the patient interval
constitutes the largest component of the diagnostic
pathway in oral cancer [14], and their potential asso-
ciation with advanced-stage at diagnosis [15,16], this
interval remains scarcely studied.

The aim of this study was to quantify the duration of
the time intervals elapsed until initiation of treatment,
focusing on the relative contribution of the patient in-
terval compared with the other intervals defined in the
Aarhus Statement. Additionally, we sought to evalu-
ate temporal trends over the past decade by comparing
current findings with a historical 2015-cohort recruit-
ed using identical methodological criteria [19].
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Material and Methods

A hospital-based observational study with an ambispec-
tive design was conducted. The prospective component
commenced at the time of the patient’s first contact with
the specialist responsible for treatment. A convenience
sample was considered, consisting of the consecutive
recruitment of incident cases of patients with histo-
logically confirmed oral squamous cell carcinoma diag-
nosed at the Oral and Maxillofacial Surgery Service of
CHUAC (A Coruiia, Spain) (2025 cohort: Participation
rate 98%). Prevalent or recurrent cases, second primary
tumors, multiple carcinomas, and cases diagnosed out-
side the study setting were excluded.

Within the framework of the Aarhus Statement, all over-
all milestones and time intervals along the pathway from
first symptom to initiation of treatment were assessed.
Specifically, the following intervals were defined:
Patient interval: From first symptom to first presenta-
tion or clinical appearance.

Primary care interval: From first presentation to first
referral to secondary care.

Specialist interval: From first contact with the specialist
to diagnosis.

Diagnostic interval: From first presentation to histologi-
cal diagnosis.

Pre-treatment (treatment) interval: From diagnosis to
start of treatment.

Also, the following composite intervals were analyzed:
Pre-referral interval: Patient interval plus primary
care interval.

Total diagnostic interval: From first symptom (detection
of bodily change) to date of diagnosis.

Total pre-treatment (treatment) interval: From first
symptom to start of treatment.

To minimize recall bias, the study incorporated triangu-
lation strategies whereby patient-reported information
was cross-checked against reports from family members
and verified using clinical records. To evaluate the rela-
tive contribution of the patient interval within the oral
cancer care pathway, the ratio of the patient interval to
each subsequent interval up to treatment initiation was
calculated. Finally, the duration of all in-tervals in the
current cohort was compared with those of a historical
cohort recruited 10 years earlier, within the same clini-
cal setting and under identical inclusion and exclusion
criteria (2015 cohort) [17]. All patients provided written
informed consent prior to study entry. The study proto-
col was approved by the institutional Research Ethics
Committee (approval No. 2021/427).

Statistical analysis

For the statistical analysis, the mean and median were
used as measures of central tendency, and the interquar-
tile range was employed as a measure of dispersion.
Comparison of median ratios (from reported medians
and 95% confidence intervals): For time intervals, where
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only medians and interquartile ranges (IQR) were avail-
able, comparisons between cohorts were performed
on the logarithmic scale to account for skewness and
the strictly positive distribution of time variables. The
standard error of each median was approximated us-
ing the IQR and the corresponding sample size (actual
number of non-missing observations per interval) based
on large-sample assumptions. Log-scale differences
and their 95% confidence intervals were estimated as-
suming independence between cohorts and were sub-
sequently back-transformed to express results as ratios
of medians. These estimates should be interpreted as
approximate, as they rely on summary statistics rather
than individual-level data. All statistical analyses were
performed using R version 4.3.3 (R core Team 2023).

Results

In the cohort recruited in 2025, a total of 118 patients
were included: 61 males (51.7%) and 57 females (48.3%),
with a mean age of 67.6+13.6 years. Disecase TNM-
stage distribution was as follows: 45 patients in stage |
(38.1%), 20 in stage II (16.9%), 18 in stage 111 (15.3%),
and 35 in stage IV (29.7%). Oral squamous cell carcino-
mas (OSCC) were predominantly located in the tongue
(n=46; 39%), followed by the gingiva (n=26; 22.0%),
floor of mouth (n=15; 12.8%), palate (n=7; 5.9%), and
other anatomical sites (n=24; 20.3%)).

Meanwhile, the historical cohort comprised 74 patients,
predominantly male (59.5%), with a median age of 65
years (IQR: 57-74). Most cases were diagnosed at ad-
vanced stages (TNM III-1V: n=39; 52.7%). The tongue
was again the most frequent tumor site (n=38; 51.4%)), fol-
lowed by the palate (n=10; 13.5%), floor of mouth/gingiva

Table 1: Time intervals (days) until treatment start.
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(n=4; 5.4%), and other locations (n=17; 23%). The median
patient interval was slightly shorter in 2025 compared
with 2015 historical cohort (25; IQR:8.5-73.5 vs. 31.5;
IQR: 7.00-61.00 days), although the mean values were
comparable (50.6 vs. 45.9 days). The primary care in-
terval demonstrated a marked reduction in the 2025
cohort, with a median of 1 day (IQR: 0-10) compared
with 6.5 days (IQR: 0.00-49-25) in 2015. Similarly, the
pre-referral interval decreased in 2025 (median 44;
IQR:19.75-95 vs. 66.5 days; IQR:39.00-129.00).

In contrast, the specialist interval was longer in the
2025 cohort, with a median of 10 days (IQR: 6.00-15.00)
compared with 6 days (IQR: 4.00-11.25) in the histori-
cal cohort. The diagnostic interval also showed a reduc-
tion over time, with a median of 24 days (11.00-52.00)
in 2025 versus 36 days (IQR: 12.00-86.00) in 2015, re-
sulting in a shorter total diagnostic interval (median 77;
IQR: 35.00-125 vs. 86; IQR:35.50-146.25 days).

Conversely, the pre-treatment interval increased sub-
stantially in the 2025 cohort (median 41; IQR: 28-63 vs.
22 days (IQR:14.25-33.00), while the total pre-treatment
interval remained broadly comparable between cohorts
(median 117; IQR: 80.00-177.00 vs. 103 days; IQR:61.75-
176.00), despite higher upper percentiles observed in the
2025 cohort. Compared with the 2015 cohort, the 2025
cohort showed shorter median intervals for primary
care, pre-referral, diagnostic, and total diagnostic phas-
es. However, longer delays were observed in the spe-
cialist and pre-treatment intervals, with the increase in
the specialist interval reaching statistical significance.
Overall, the total pre-treatment interval remained simi-
lar between cohorts, although greater variability was
observed in the 2025 cohort (Table 1; Table 2).

2025 cohort 2015 cohort

Intervals (days) Mean | 25P 50P 75P 90P Mean | 25P 50P 75P 90P

Patient interval 50.60 | 8.50 | 25.00 73.5 | 128.60 | 45.86 | 7.00 | 31.50 | 61.00 | 121.40
Primary care interval 19.64 | 0.00 1.00 10.00 | 71.20 | 29.08 | 0.00 6.50 49.25 | 74.00
Pre-referral interval 67.35 | 19.75 | 44.00 | 95.00 | 142.50 | 83.61 | 39.00 | 66.50 | 129.00 | 168.90
Specialist interval 2240 | 6.00 | 10.00 | 15.00 | 36.00 | 11.54 | 4.00 6.00 11.25 | 22.60
Diagnostic interval 44.86 | 11.00 | 24.00 | 52.00 | 116.40 | 63.20 | 12.00 | 36.00 | 86.00 | 133.00
Total diagnostic interval 92.63 | 35.00 | 77.00 | 125.00 | 184.20 | 103.23 | 35.50 | 86.00 | 146.25 | 195.60
Pre-treatment interval 59.46 | 28.00 | 41.00 | 63.00 | 108.80 | 28.75 | 14.25 | 22.00 | 33.00 | 40.00
Total pre-treatment interval 142.2 | 80.00 | 117.00 | 177.00 | 264.60 | 130.80 | 61.75 | 103.00 | 176.00 | 246.50

P: Percentile.

Table 2: Comparison of median intervals (days) and the difference in median ratios across the studied cohorts.

Interval Cohort 2015 Cohort 2025 | Ratio of medians p-
Median (IQR) | Median (IQR) (95%CI)

Patient interval 31.5 (7-61) 25 (8.5-73.5) | 0.794 (0.421-1.496) | 0.475
Primary care interval 6.5 (0-49.25) 8 (3-16) 1.231(0.212-7.137) | 0.817
Pre-referral interval 66.5 (39-129) 44 (19.75-95) | 0.662 (0.415-1.054) | 0.082
Specialist interval 6(4-11.25) 10 (6-15) 1.667 (1.208-2.299) | 0.002
Diagnostic interval 36 (12-86) 24 (11-52) 0.667 (0.376-1.182) | 0.165
Total diagnostic interval 86 (35.5-146.25) | 77(35-125) | 0.895(0.623-1.287) | 0.551
Pre-treatment interval 22 (14.25-33) 41 (28-63) 1.864 (1.447-2.399) 0

Total pre-treatment interval 103 (61.75-176) | 117 (80-177) | 1.136 (0.843-1.531) | 0.402
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When expressed as ratios with respect to broader phases
of care, the patient interval showed median ratios of 0.70
(IQR: 0.26-0.96) in the 2015 cohort and 1.00 (IQR: 0.81-
1.00) in the 2025 cohort relative to the pre-referral inter-
val. Lower ratios were observed when the patient interval
was compared with the total diagnostic interval (median
0.37 in 2015 and 0.43 in 2025) and with the total pre-
treatment interval (median 0.26; IQR: 0.07-0.41 and 0.21;
IQR:0.13-0.30, respectively) (Figure 1; Table 3).

When ratios were calculated between the patient in-
terval and other discrete intervals, different patterns
were observed. Relative to the primary care interval,
the patient interval was longer in the 2015 cohort (me-
dian ratio 1.25; IQR: 0.05-7.71), whereas the inverse
relationship was observed in the 2025 cohort (median
ratio 0.66; IQR:0.23-1.85). In comparison with the di-
agnostic interval, mean ratios were higher in the 2025
cohort, although median ratios remained below 1 in
both cohorts. Similarly, ratios between the patient and
pre-treatment intervals were consistently below 0.3
across cohorts (Table 3).

Patient interval and treatment pathway in oral cancer

Discussion

In this study, we analysed temporal changes in the pa-
tient pathway to treatment by comparing two cohorts
separated by a decade, using complementary approach-
es based on absolute time intervals, relative ratios be-
tween intervals, and formal comparisons of medians
between cohorts. This multifaceted strategy allowed
us to characterise not only whether time to treatment
changed over time, but also how different components
of the pathway contributed to the overall timeline.

This is the first study in oral cancer to adopt a concep-
tual framework-the Aarhus Statement-and to longitudi-
nally examine the evolution of each diagnostic time in-
terval and their relative contribution to the overall time
interval. To enhance internal validity, specific strategies
were implemented to minimize recall bias, and the high
participation rate makes selection bias unlikely. Never-
theless, as this is a hospital-based, single-center study,
limitations regarding the potential extrapolation of
the findings should be acknowledged. However, Spain
benefits from a universal, publicly funded healthcare
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Fig. 1: Mean ratio of the patient interval relative to other time intervals (2015-2025 cohort).

Table 3: Mean-median ratio of the patient interval over other time interval (2015-2025 cohort).

2015 cohort 2025 cohort
Mean Median Mean Median
(95% CI) (95% CI) (95% CI) (95% CI)
Patient interval/Primary care interval 5.12(0.99-11.25) | 1.25(0.05-7.71) | 11.38(2.22-20.54) | 0.659 (0.23-1.85)
Patient interval/Pre-referral interval 0.61 (0.43-0.78) 0.7 (0.26-0.96) 0.71 (0.626-0.80) 1(0.81-1)

Patient interval/Diagnostic interval 1.91 (0.89-3.02)

0.79 (0.33-3.1) 3.29 (2.08-4.50) 0.73 (0.41-1.66)

Patient interval/Total diagnostic interval

0.4 (0.27-0.53)

0.37 (0.14-0.65)

0.45 (0.37-0.52)

0.43 (0.27-0.61)

Patient interval/Pre-treatment interval

0.3 (0.18-0.42)

0.26 (0.07-0.41)

0.26 (0.2-0.32)

0.21 (0.13-0.30)
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system with a relatively homogeneous secondary care
structure, which may partially mitigate concerns relat-
ed to generalizability.

The median patient interval observed in the 2025 co-
hort was shorter than that reported in a recent quanti-
tative synthesis, which estimated a pooled patient in-
terval of 47 days (95% CI: 31-73) and was also lower
than the estimate reported for high-income countries
(30 days, 95% CI: 23-53) [18]. This finding suggests a
comparatively earlier patient response in the present
cohort. Nevertheless, the patient interval remains one
of the most under-researched components of the diag-
nostic pathway, particularly with regard to the appraisal
and help-seeking phases [11,19]. Previous studies have
attributed delays during this interval to the absence of
pathognomonic signs and symptoms, misinterpreta-
tion or misattribution of early manifestations, limited
health literacy, and broader socio-cultural factors influ-
encing symptom perception and care-seeking behav-
iour [19,20]. Despite its intuitive relevance, evidence
regarding the prognostic impact of the patient interval
remains inconsistent. Prior research has reported con-
flicting associations between patient delay and tumour
stage at diagnosis [16,21,22], and its effect on patient
survival remains largely unknown [18]. Taken together,
these findings underscore the complexity of the patient
interval and highlight the need for further research to
clarify its determinants and clinical significance within
the broader diagnostic and therapeutic pathway.

The duration of the primary care interval has de-
creased substantially over the past decade, currently
reaching a mean of 19.6 days. This figure is compa-
rable to that reported in the United Kingdom [23], and
lower than those described in the United States by Pea-
cock et al. [24]. Nevertheless, considerable variability
persists across countries, largely reflecting differences
in the organization and structure of their healthcare
systems [25]. In addition, referral patterns-specifical-
ly, referrals initiated by General Dental Practitioners
(GDPs) versus General Practitioners (GPs)-appear to
influence the length of this interval. Although some
studies have failed to identify significant differences
in diagnostic delay according to the type of primary
healthcare provider, others have shown that GDPs are
associated with longer intervals to diagnosis and re-
quire a higher number of consultations before refer-
ring patients to secondary care [22]. The number of
consultations prior to referral therefore constitutes a
surrogate marker of the primary care interval [26]. On
average, patients require two to three consultations
before being referred from dental care to secondary
healthcare services [27]. This delay is likely related to
the use of “treatment trials,” such as the removal of lo-
cal irritative factors-including poorly fitting dentures-
before specialist referral is considered [27].
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The specialist time interval (STI) is relatively short in
the diagnostic pathway of oral cancer and represents
a limited proportion of the overall time elapsed until
treatment initiation. However, we have identified a con-
cerning increase in the duration of this period. This
finding suggests that there is still room for improve-
ment and that the STI may constitute a potential target
for future interventions aimed at shortening diagnostic
delays, particularly among patients diagnosed at carly
stages following disease disclosure [28].

Our study also documents a substantial reduction in
the diagnostic interval over the past decade. Although
the prognostic impact of diagnostic delay remains to be
fully elucidated, the existing evidence continues to be
controversial [8,9,29]. These inconsistencies are likely
attributable to the lack of an appropriate conceptual
framework and to methodological weaknesses that have
been frequently identified in this type of research [8,11].
The pre-treatment interval, defined as the time between
histological diagnosis and initiation of treatment, has
shown a concerning increase over the past decade. This
trend is particularly worrisome given that prolonged
pre-treatment intervals have been consistently associ-
ated with adverse survival outcomes, including poorer
overall and disease-specific survival, as well as reduced
postoperative quality of life [30].

Our results show that changes in the patient pathway
were heterogeneous rather than uniform. Several early
intervals, including the patient, primary care, and pre-
referral intervals, showed shorter median durations in
the 2025 cohort compared with the 2015 cohort. These
descriptive findings suggest a potential temporal shift
toward earlier engagement with the healthcare system
and more streamlined referral processes. However,
formal comparisons of medians indicated that most of
these reductions did not reach statistical significance,
highlighting the considerable variability inherent in
time-to-event data and underscoring the importance of
cautious interpretation.

In contrast, later intervals of the pathway displayed a
different pattern. Both the specialist interval and the
pre-treatment interval were significantly longer in the
2025 cohort. This finding suggests that, despite poten-
tial improvements in early phases of care, delays may
have shifted toward later stages, particularly after spe-
cialist assessment and before treatment initiation. Im-
portantly, these opposing trends help explain why the
total pre-treatment interval remained broadly stable
between cohorts, despite notable changes in individual
components. This apparent stability reflects a redistri-
bution of delays along the pathway rather than a global
reduction in time to treatment.

Conclusions
The analysis of ratios between the patient interval and
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other intervals provided additional insight into the in-
ternal structure of the patient pathway and helped to
identify priority areas for health policy and system-level
interventions. Across both cohorts, the patient interval
consistently accounted for a smaller share of the total
diagnostic and total pre-treatment intervals, indicating
that patient-related delay was not the dominant contrib-
utor to overall time to treatment. Moreover, compari-
sons of these ratios between cohorts revealed no statisti-
cally significant differences, suggesting that the relative
role of the patient interval within the broader pathway
remained largely unchanged over time, even as absolute
durations of certain intervals varied.
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