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Abstract:

Objective: To determine the effect of treatment interval (Tl) on the survival of patients with oral cancer at a tertiary
healthcare institute.

Material and Methods: The medical records of patients with oral cancer between 2010 and 2018 who complied with the
inclusion criteria. The information collected included demographic data, tumor subsite, staging, initial treatment, date of
diagnosis, date of treatment, and last follow-up date. Tl was defined as the period between the dates of diagnosis and
treatment. The impact of the Tl was illustrated by the area under the receiver operating characteristic curve. Survival
analysis was performed using the Kaplan-Meier curve and compared using the log-rank test. The Cox proportional hazard
ratio (HR) was used to describe the correlation between variables. Logistic regression analysis was used to assess the
factors associated with Tl p-value<0.05 was considered statistically significant.

Results: Out of 1,806 oral cancer patients recruited, 1,565 met the criteria and were analyzed for sensitivity and specificity.
The cutoff for the Tl was set at 18 days, beyond which patient survival was negatively impacted (HR=1.27; 95% Cl=1.01,
1.6), p-value=0.038. The study also found that factors such as religion, advanced staging, radiation therapy, and distance
from tertiary hospitals were associated with the TI.

Conclusion: Patients with oral cancer who had a Tl of 18 days or more had a statistically significant negative correlation
with survival rates compared to those with a Tl of less than 18 days. Other factors such as religion, disease stage,

primary treatment with radiation, and distance from residence to hospital were associated with TI.
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Tl Effects Oral Cancer Prognosis

Introduction

Oral cancer is one of the most common cancers
worldwide. In 2018, data from the Global Cancer Observatory
showed that the annual incidence of oral cancer was
354,864 cases worldwide, with the highest number recorded
in Asia. The mortality incidence was 177,384 individuals,
accounting for 1.8% of all cancer-related deaths'. Over the
past decade, the 5-year survival rate for oral cancer has
been around 50%°.

Oral cancer treatment is time-sensitive. Various
factors influence cancer care processes. The increase in
patient numbers, complexity of the disease, and treatment at
tertiary hospitals for advanced stages lead to an increase in
the time from diagnosis to treatment®®. This, in turn, has had
a detrimental effect on both disease progression and survival

rates”"°

. To date, investigators have aimed to enhance the
early detection and treatment of oral cancer while minimizing
any delays, all with the goal of improving disease survival
rates. However, definitive evidence regarding the optimal
time for achieving this goal is still lacking.

The model of pathways to treatment: the Aarhus
Statement'' has categorized time intervals into various
segments, with the treatment interval (TI) being a crucial

. Extended TI is

and relevant period to the disease®® "

15-18 5,10,19-21

associated with the staging™ ", survival rates , and
recurrence of the disease®. Significantly, a critical measure
for evaluating the quality of a hospital lies in the promptness
with which treatment is initiated™. An extended treatment
delay in head and neck cancer increases the mortality risk
by 7% for each week of delay®, and an interval exceeding
30 days or even 20 days has a negative impact on 5-year

survival rates®?

. However, there exists a considerable
variation in the TIs among current studies, ranging from
20 to 120 days.

In recent studies, it has been challenging to draw
a conclusion owing to the heterogeneity among studies,

insufficient stratification in each interval and lack of clear
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definitions for the intervals used. Additionally, the healthcare
systems in developed countries may differ from those in
developing countries, leading to limitations in comparative
research and advancement. This study aimed to determine
the effects of Tl on the survival of patients with oral cancer

in a tertiary healthcare institute.

Material and Methods

The Ethics Committee of the Faculty of Medicine,
Prince of Songkla University approved this study protocol
(REC. 63-254-13-1). All patients diagnosed with oral
squamous cell carcinoma from January 2009 to December
2018 were reviewed and those with recurrence or second
primary cancer in the oral cavity were excluded.

The electronic medical records of patients with oral
cancer who met the inclusion criteria were reviewed. The
information gathered included demographic data such as
age, sex, religion and smoking or betel nut use. Smokers
and betel nut users were categorized as nonsmokers or
nonusers, ex-smokers or ex-users, and current smokers
or users. In this study, ‘ex-smokers’ or ‘ex-users’ were
defined as individuals with a history of cessation for at least
one year. Cancer staging conformed to the 7" edition of the
American Joint Committee on cancer staging manual. Data
on treatment modalities, pretreatment laboratory results,
and dates of diagnosis and treatment were collected. Blind
techniques were applied to label the hospital number of
each patient, ensuring the confidentiality of personal data.
The date of diagnosis was defined as the date when the
pathological report was issued. The date of treatment was
defined as the day of commencing definitive treatment, either
surgery or radiation. Tl was defined as the period between
the dates of diagnosis and treatment. The distance from
the patient’s residence to the study site was recorded using
postal codes and measured in kilometers along the actual

road.

J Health Sci Med Res



Tl Effects Oral Cancer Prognosis

Statistical analysis

All statistical analyses were performed using
R statistical software version 3.3.1 (Vienna, Austria).
Continuous variables were presented as either means or
medians. Discrete variables were expressed as percentages.
The area under the receiver operating characteristic curve
was used to evaluate the relationship between the TI and
survival rate.

Hazard ratios (HR) for 5-year survival were
evaluated using univariate and multivariate Cox proportional
hazard regressions. Kaplan-Meier curves were used to
assess survival rates, which were compared using the log-
rank test. Adjustments for confounders were made for age,
race, tobacco and betel nut use, primary subsite, staging,
and health insurance status. To determine the relationship
between the factors and the TI, Pearson’s chi-square
test and odds ratios (OR) were used to compare discrete
variables. HRs and 95% confident interval (Cls) were
calculated, and p-value<0.05 was considered statistically
significant. Analysis for the limited or disproportionate
number of the index subjects applied the matching technique

to control for confounding.

Results

Patient characteristics

A total of 1,565 patients met the inclusion criteria.
Of these, the majority were male (59.7%). The most
common subsite of cancer was the tongue (625 patients,
40%). There were 68.1% in the advanced stage. The median
distance from the patient’s residence to the study site was
193 kilometers. The demographic data of patients with oral

cancer are presented in Table 1.
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Table 1 Demographic data of the study population

Characteristics

N=1,565 (%)

Gender
Male
Female
Age, mean (S.D.)
Religion
Buddhism
Islam
Other
Occupation
Agriculture
Employer
Government officer
Others
Smoking
No
Ex-smoker
Currently
Betel nut use
No
Ex-user
Currently
Tumor subsite
Tongue
Buccal mucosa
Alveolar ridge
Floor of mouth
Hard palate
Lip
Retromolar trigone
Unknown
Aim
Curative
Palliative
Unknown
Blood test
Hemoglobin: mean (S.D.)
White blood cell: mean (S.D.)
Albumin: mean (S.D.)
Occupation
Government officer
Agriculture and fisheries
Employee
Household work and others
Distance from tertiary care
<200 km
>200 km
Unknown

934 (59.7)
631 (40.3)
63.5 (14.5)

1,390 (88.8)
160 (10.2)
15 (1.0)

551 (35.2)
355 (22.7)
84 (5.4)

575 (36.7)

655 (41.8)
596 (38.1)
314 (20.1)

893 (57.1)
252 (16.1)
420 (26.8)

625 (39.9)
194 (12.4)
245 (15.6)
214 (13.9)

1,253 (80.1)
268 (17.1)
44 (2.8)

11.7 (1.9)
9,200 (5.4)
3.9 (0.7)

84 (5.4)

551 (35.2)
355 (22.7)
575 (36.7)

1,002 (64.1)
562 (35.8)
1(0.1)
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Table 1 (countinued)

Characteristics N=1,565 (%)

Health insurance

uc 1,112 (71.1)
CSMBS 262 (16.7)
Out of pocket 94 (6.0)
SSS 58 (3.7)
Other 32 (2.0)
Unknown 7 (0.5)
Stage
Early 427 (27.3)
Advanced 1,138 (72.7)
Treatment
Surgery 669 (42.7)
Radiation 358 (22.9)

No treatment 538 (34.4)

S.D.=standard deviation, UC=universal coverage, CSMBS=civil
servant medical benefit scheme, SSS=social security scheme

Survival analysis

The median Tl was 41 (21, 67.75) days. The receiver
operating characteristic curve analysis showed that a TI
of 18 days had a significant impact on the survival rate.
Sensitivity and specificity were 82% and 29%, respectively
(Figure 1).

The median follow-up duration was 24.83 months.
Overall survival was 34.3 months. In the group with Tl <18
days (n=212), the median survival was 40.4 months (ClI
35.4-66.7), while the TI =18 days (n=746) group had a
median survival time of 25.3 months (CI=23.2-30) (Figure
2). In the subgroup analysis, the optimal cut points for Tl
from the receiver operating characteristic (ROC) curve were
identified as 19 days for the early-stage group (area under
the curve (AUC)=0.534 [0.469-0.598], sensitivity=0.69,
specificity=0.44) and 28 days for the advanced stage
group (AUC=0.528 [0.478-0.578], sensitivity=0.79,
specificity=0.28).
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Factors affecting the TI

In the Tl =18 days group, several significant factors
affecting patient outcomes were discovered. Religion was
one factor since Islamic patients tended to receive treatment
later than Buddhist patients (OR, 2.21; Cl 1.13-4.3, p-value=
0.012). Patients who were currently smoking tended to delay
treatment initiation longer than non-smokers (OR, 1.17, CI
0.49-2.8, p-value=0.72). Conversely, betel nut users tended
to receive treatment earlier than non-users (OR, 0.55, ClI
0.55-0.94, p-value=0.03).

Patients in the advanced stage, along with those
whose initial treatment was radiation, received delayed
treatment versus those in the early stage and treated
with surgery (OR, 2.21, Cl 1.45-3.36, p-value<0.001 and
OR, 31.86, 11.49-88.31 p-value<0.001). Out-of-pocket
expenses could result in a higher chance of receiving
treatment earlier compared to patients with universal
coverage (OR, 0.41; Cl 0.17-0.98, p-value=0.033).
Additionally, the distance between the patient’s residence
and the hospital played a role. Patients residing more than
200 kilometers away had delayed treatment (OR, 1.78; ClI
1.156-2.75, p-value=0.01) (Table 2).

Apart from the aforementioned factors, sex, age,
primary subsite, occupation, and laboratory test results

showed no statistically significant relationships with TI.

Multivariate analysis of the relationships among
variables affecting survival outcome

The confounder-adjusted logistic regression analysis
found that patients with a Tl =18 had a significantly higher
risk of mortality than patients with a Tl <18 days (HR,
1.30; Cl 1.04-1.6, p-value=0.023). Age was significantly
associated with survival rates, with an increase in age
correlating to an increased mortality risk (HR, 1.01; Cl 1.01-
1.02, p-value=0.005). Patients with current betel nut use
(HR, 1.36; Cl 1.08-1.7, p-value=0.01) had an increased
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mortality risk. Similarly, in advanced-stage cases, there  0.44, Cl 0.24-0.8, p-value 0.007) than universal coverage.
was also a higher mortality risk (HR, 1.61; Cl 1.32-2.0, Religion and distance from the patient’s residence to the
p-value<0.001). Additionally, out-of-pocket expenses were  study site were not significantly associated with the survival

related to an approximately 3 times lower mortality risk (HR,  rate.

Table 2 Relationship between factors analyzed and Tl =18 days

Characteristics Adjusted OR (Odd ratio) 95% Cl p-value
Gender

Female 1 (reference) 0.46

Male 1.33 0.63-2.85
Age (years)

>65 1 (reference)

<65 1.1 0.7-1.87 0.59
Religion 0.01

Buddhism 1 (reference)

Islam 2.21 1.13-4.3 0.02
Smoking 0.60

No 1 (reference)

Ex-smoker 0.87 0.42-1.84 0.72

Currently 1.17 0.49-2.8 0.72
Betel nut use 0.09

No 1 (reference)

Ex-user 0.80 0.45-1.41 0.44

Currently 0.55 0.55-0.94 0.03
Primary subsites 0.26

Tongue 1 (reference)

Buccal mucosa 1.43 0.68-3.01 0.35

Alveolar ridge 1.59 0.86-2.97 0.14

Floor of mouth 1.53 0.82-2.87 0.18

Hard palate 0.70 0.29-1.69 0.43

Lip 1.56 0.57-4.23 0.38

Retromolar trigone 416 0.87-19.76 0.07
Stage

Advanced 1.00 (reference)

Early 2.21 1.45-3.36 <0.001
Blood test

Hemoglobin 0.90 0.79-1.03 0.1

White blood cell 1.01 0.97-1.06 0.55

Albumin 1.02 0.73-1.41 0.92
Initial treatment

Surgery 1.00 (reference)

Radiation 31.86 11.49-88.31 <0.001
Initial treatment

Surgery 1.00 (reference)

Radiation 31.86 11.49-88.31 <0.001
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Table 2 (continued)

Characteristics Adjusted OR (Odd ratio) 95% Cl p-value
Health insurance 0.16
uc 1.00 (reference)
CSMBS 1.34 0.74-2.42 0.33
SSS 1.05 0.42-2.65 0.91
Out of pocket 0.41 0.17-0.98 0.04
Other 1.76 0.42-7.36 0.44
Occupation
Government officer 1.00 (reference)
Agriculture-fisheries 1.42 0.55-3.68 0.47
Employer 1.42 0.52-3.87 0.49
other 1.44 0.53-3.91 0.47
Distance
<200 km 1.00 (reference)
>200 km 1.78 1.15-2.75 0.01

UC=universal coverage, CSMBS=civil servant medical benefit scheme, SSS=social security scheme, Cl=confident interval
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Figure 1 ROC curve for the impacted Tl value
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Discussion

Delays in diagnosis and treatment are widely
recognized as negative prognostic factors for oral cancer.
Reducing delays in cancer care can lead to improved
treatment outcomes. The objective of our study was to
determine the definitive Tl affecting the survival of patients
with oral cancer. The study population was predominantly
male, with a history of smoking diagnosed at an advanced
stage, and an average age of approximately 60 years.
These characteristics are typical of patients with oral cancer
in developing countries.

Our study found that a Tl =18 days significantly
affected the 5-year survival rates after adjusting for
confounding variables. This finding corresponds to previous
studies by Liao at al. and Tsai et al., who reported that TI
>120 or even 90 days significantly increased the risk (HR,
1.82; Cl 1.19-1.47 and HR, 1.28; Cl 1.14-1.45) versus TI
<20-30 days™?®. Chen et al. postulated that to improve
the survival rate, the entire process from diagnosis to
surgery or radiation should be completed within 11 weeks
since they found that delaying treatment beyond this
timeframe reduced survival rates (HR, 1.34; Cl 0.53-3.36,
p-value=0.89)”. Polesel et al. reported that the 5-year
overall survival rate decreased from 62% for Tl <30 days
to 39% for Tl >90 days (p-value<0.01)*’. A systematic
review demonstrated that delayed Tl negatively affects
disease prognosis and patient survival rates. The review
found that treatment initiation ranges from 20 to 120 days
or even beyond; nevertheless, there is no universally
accepted delay period, due to the variations in population
groups and healthcare systems across different studies™.
Our study determined that the cutoff Tl is 18 days, which
is shorter than that in other studies. Possible causes are
more aggressive tumor behavior and disease severity at

the initial stage.
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The differing cut points for Tl identified in our
subgroup analysis, 19 days for early stage and 28 days
for advanced stage, emphasize the necessity for prompt
management in early-stage oral cancer, as any delay can
adversely impact survival. However, these values should be
further studied in a multivariate analysis in order to ascertain
their significance.

To illustrate the relationship between different
variables and TI, we found that Islam was associated with
more delayed treatment than Buddhism. The Muslim belief
that life can be a divine gift may influence their decision
to seek medical care. Consequently, patients may opt for

treatment later®™®®

. Advanced disease stage with initial
radiation treatment correlated with delayed treatment, which
is in line with prior studies, and reflects the complexity of the
patient preparation and care processes>*****'. Additionally,
the time required for consultations with various specialists,
such as diagnostic radiologists, radiation oncologists, and
pathologists, may contribute to each step. Dental evaluation
and oral preparation take time, leading to delayed radiation
administration®. The longer Tl in advanced-stage patients
may be caused by a higher likelihood of patients seeking
alternative treatments, potentially delaying standard care®.
Finally, the distance between the patient’s residence
and the hospital also delayed treatment, consistent with
previous findings, indicating that the need to travel extended
distances for treatment impacts disease prognosis and can
result in irrational treatment decisions™.

In addition to Tl, many other factors associated with
oral cancer mortality have been discovered. An increase in
age and presentation in advanced stages are associated
with an increased mortality risk. These findings clearly
illustrate the effects of age-related health conditions and
greater disease extent. Patients with current betel nut use
have an increased risk of mortality. Wen et al. have reported

the effects of betel nuts and smoking on oral cancer risk.
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In addition to oral cancer, significant increases were observed
among chewers for cancers of the esophagus, liver, pancreas,
larynx, lungs, and all other cancers. Chewing and smoking
interact synergistically and shorten patients’ life span by nearly
6 years®. Out-of-pocket expenses significantly reduced
the risk of mortality versus the universal coverage type,
possibly because it led to a faster access to treatment than
universal coverage. Fujiwara et al. also reported that private
insurance facilitated faster access to treatment and implied
a higher quality of life®®. This may reflect the overwhelming
number of patients under the universal coverage system,
which is a bottleneck in the treatment process.

To date, our study included a large sample size in
southeast Asia, with an estimation of appropriate Tl values
representing the survival of oral cancer patients. However,
this study has some limitations. First, it is a retrospective
study. The mortality data collection relied on cross-verification
through civil registration. If no record of death was found,
the patient was assumed to be alive. This could introduce
selection bias and potential misclassification, especially in
cases where the registration data are incomplete. Second,
there may be other unanalyzed confounding factors that
could affect the survival rates. Nevertheless, all the solid
confounders that could affect survival were adjusted for
in this study. Third, owing to the substantial sample size,
attributed to the study institution being the largest center in
southern Thailand, instances of missing and under-recorded
data occurred, potentially resulting in some information not
being accurately documented.

This study is significant because of the lack of a
universally accepted Tl cut-off point. Identifying the factors
influencing Tl is also crucial because it is a priority to
decrease the time by controlling adjustable factors following
treatment. However, a lack of consensus could impede the
timely planning of hospital care and treatment. Noticeably,

the measures from our study could have a profound effect
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on the survival of patients with oral cancer, potentially
leading to the establishment of a universal standard metric
for the time to treatment. Given the numerous studies
focused on improving the quality of cancer care, it is
necessary to establish goals and benchmarks for treatment.
Besides Tl, diagnostic delay (the first symptoms and signs
to diagnosis) and adjuvant delay (the date of surgical
treatment to the start of adjuvant treatment) also influence
oral cancer treatment outcomes. However, these 2 delays
are beyond the objectives of this study. Further research

should include an investigation into these delays.

Conclusion

Oral cancer patients with a Tl of 18 days or more
had a statistically significant negative correlation with
survival rates compared to those with a Tl of less than 18
days. Factors associated with Tl include religion, disease
stage, primary treatment with radiation, and distance from

residence to hospital.
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