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The treatment process of tumors in surgical patients is typically prompt and
efficient, whereas non-surgical patients are more prone to treatment delay due
to various factors. However, the relationship between treatment delay and
survival outcomes in non-surgical Esophageal cancer (EC) patients has
received limited study. This study aims to evaluate the impact of waiting time
from diagnose to treatment on survival outcomes among non-surgical EC
patients in Shandong Province, China. Over a 20-year follow-up period, a total
of 12,911 patients diagnosed with EC and not receiving surgical intervention were
identified from 2000 to 2020. The Kaplan-Meier methodology was employed to
determine overall survival (OS) and cancer-specific survival (CSS). Univariate and
multivariate Cox regression analyses were performed to evaluate the impact of
treatment delays on future outcomes. The nonlinear association between
waiting time and survival outcomes was investigated using restricted cubic
spline (RCS) functions. The average delay in initiating EC treatment from the
initial medical consultation for symptoms of EC was 1.18 months (95%Cl=1.16-
1.20). Patients with a long delay (>3 months) in treatment demonstrated
significantly lower rates of 1-, 3-, and 5-year OS and CSS compared to those
with a brief delay in treatment initiation. A long delay in EC treatment
independently associated with an increased risk of mortality from all causes
and cancer. The association between waiting time and both all-cause and cause-
specific mortality illustrated a pronounced J-shaped pattern. The prolong delay
in treatment initiation significantly impacts the OS and CSS outcomes for non-
surgical EC patients. Timely administration of treatment has the potential to
enhance survival outcomes in patients with EC who are ineligible for surgery,
including those in advanced stages without surgical options available.
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Introduction

The global burden of cancer presents a significant public health
challenge and holds a crucial position among worldwide diseases
(1-3). EC ranks eighth in terms of incidence globally, while it stands
at the sixth spot for cancer-related mortality on a global scale (4).

Delaying cancer treatment can have a detrimental impact on
patient outcomes. Previous meta-analyses have consistently provided
evidence supporting a significant correlation between delay and
increased mortality (5-8). To effectively design cancer care systems,
pathways, and models of care that yield equitable and cost-effective
outcomes, it is necessary to comprehend the implications of delays on
mortality rates (9). The importance of understanding the implications
of treatment delays on outcomes has become increasingly prominent
in light of the coronavirus 2019 (COVID-19) pandemic. Many
countries have experienced disruptions in elective cancer surgeries
and radiotherapy, as well as reductions in the utilization of systemic
treatments due to healthcare resource reallocation for pandemic
preparedness (10-14). The diagnosis of cancer patients without
surgical options, on the other hand, carries a significant risk of
treatment delays, which can have an adverse impact on their
prognosis. This is primarily due to the fact that surgery is often
considered the primary treatment modality for many types of cancer,
particularly those that are localized and have not yet metastasized
(15). Furthermore, the financial implications of cancer treatment can
also contribute to delays in treatment for those without surgical
options. Surgical treatment is often covered by insurance, while other
treatment modalities, such as chemotherapy or radiation therapy,
may not be fully covered or may require higher out-of-pocket
expenses in developing countries (16). Consequently, this can result
in delays in the initiation of treatment.

The objectives of this study are to investigate the impact of time
from diagnosis to treatment on OS and CSS in non-surgical patients
with EC. Additionally, we aim to evaluate the association between

10.3389/fonc.2024.1445267

the duration from diagnosis to treatment and the risk of all-cause
mortality as well as cancer-specific mortality.

Methods
Data source

Data on patients were collected from 130 hospitals across 9
cities in Shandong Province, China. The distribution of
participating hospitals is shown in Figure 1. The data collection
period spanned from 2000 to 2020. The present study adhered to
the checklist provided by the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement (17).

Patient selection

The study recruited patients who met the ICD-O-3/WHO 2008
criteria for a diagnosis of “Esophagus” and exhibited a “Malignant”
behavior code for the primary neoplasm. Cases without surgical
intervention within the period from 2000 to 2020 were selected. In
our study, we meticulously screened and excluded cases that lacked
essential details, including the waiting time for treatment, other clinical
information, and follow-up data. Due to the limited sample size and
concerns regarding validity, patients who experienced treatment delays
exceeding 6 months were excluded from the analysis (18).

Variables of interest
Demographic information

The information encompasses demographic characteristics,
including sex, age at diagnosis, marital status at diagnosis,

FIGURE 1

3123 patients from 23 hospitals
1350 patients from 15 hospitals
932 patients from 11 hospitals
879 patients from 10 hospitals
414 patients from 7 hospitals
743 patients from 10 hospitals
875 patients from 12 hospitals
1678 patients from 17 hospitals
2917 patients from 25 hospitals
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The distribution of participanting hospitals and patiens in Shandong, China. (ArcGIS 10.2 for Desktop software, Environmental Systems Research

Institute Inc., USA, https://www.esri.com).
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household income, living areas, and survival months. Marital status
was divided into couple and single categories, which included
separated, divorced, widowed, and never married individuals.
Median household income per year was categorized into three
groups, low level (<50,000 Yuan), middle level (50,000-70,000
Yuan) and high level (270,000 Yuan). The living areas were

classified into metropolitan counties and nonmetropolitan counties.

Tumor-related information

The information encompasses tumor-related data, including
primary site, differentiation, grade classification, histological
characteristics, as well as radiotherapy and chemotherapy
treatment history. The primary site of EC was categorized as the
upper third, middle third, lower third, and other sites. The
differentiation grade: Grade I represents well-differentiated, Grade
IT indicates moderately differentiated, Grade III signifies poorly
differentiated and Grade IV denotes undifferentiated. The treatment
history of radiotherapy and chemotherapy was dichotomized as
either present or absent. The histology of EC was classified
into squamous cell carcinoma, adenocarcinoma, and other
group carcinoma.

Definitions of delays to treatment

The lack of guidelines or consensus panels to establish
thresholds for delayed treatment following a diagnosis has led to
the adoption of specific time intervals. As such, we have defined
treatment delays as the number of days between the initial medical
consultation for symptoms of EC and the initiation of treatment. A
delay of 21 month from diagnosis to the initiation of initial
treatment is considered a treatment delay, while a delay of 23
months is classified as a severe treatment delay, in accordance with
previous studies (18-20). According to the monthly records,
patients were categorized into three groups based on the duration
between diagnosis and treatment: brief treatment (within 1 month
after diagnosis), moderate delay (1-2 months delay), and long delay
(=3 months) group.

Definition of outcomes

In terms of the clinical outcome, OS and CSS were defined as
the primary and secondary outcome, respectively. OS is a widely
accepted measure in oncology trials that provides a comprehensive
overview of patient survival throughout the study, quantifying the
duration from treatment initiation to death from any cause.
Conversely, CSS focuses specifically on evaluating treatment
efficacy by considering only the survival of patients with the
specific type of cancer under investigation. This outcome holds
particular significance when assessing potential impacts on overall
patient survival.
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Ethics statement

The study strictly followed the ethical principles delineated in
the 1964 Helsinki Declaration along with its subsequent
amendments or comparable ethical guidelines. Ethical approval in
this study was obtained from the Institutional Review Board (IRB)
of Zibo Central Hospital (IRB2022-00001032).

Statistical analysis

The chi-square test was utilized to compare the variations
among different levels of each factor. The Kaplan-Meier method
was employed to analyze the 1-, 3- and 5-year OS and CSS rates, as
well as the median survival time. To assess differences between the
survival curves, the log-rank test was conducted. Univariate and
multivariable survival analyses were performed using Cox
proportional hazard regression models to calculate hazard ratios
(HRs) and their corresponding 95% confidential intervals (CIs). A
multivariable Cox proportional hazard regression model was
constructed by incorporating risk factors that showed a
significance level below 0.10 in univariate analysis. The sensitivity
and specificity were evaluated by employing the receiver operating
characteristic (ROC) curve, specifically quantifying the area under
the curve (AUC). AUC values greater than 0.7 are considered high
level fits. The RCS functions were employed to examine the non-
linear association between treatment delay and both all-cause
mortality and cancer-specific mortality (21, 22). The final cox
models and confounders were employed in this analysis to
explore the nonlinear association. In accordance with previous
research recommendations, we chose the median time of
treatment delay as the reference value for all analyses concerning
nonlinear association. The incorporation of 3 knots into the models
optimized the fit of nonlinear curves, thereby preventing accuracy
reduction caused by over-fitting (23).

The analyses were performed using R software version 4.3.1. All
statistical tests followed a two-tailed approach, and a significance
level of P less than 0.05 was considered statistically significant.

Results
Characteristics of patients

During the study period, a total of 47,714 non-surgical patients
diagnosed with EC were included in the analysis. Of these patients,
data on waiting time from diagnosis to treatment was missing for
13,909 individuals and other important information was absent for
20,894 individuals. Ultimately, the study cohort consisted of 12,911
patients with an average age of 66.5 (range: 66.3-66.7) between the
years of 2000 and 2020. Up to 2020, a total of 12,334 patients had
died; among them were 10,907 deaths attributed to EC. The
characteristics of EC patients, stratified by the duration between
diagnosis and treatment, are presented in Table 1. Among all the
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TABLE 1 Demographic and clinical characteristics of the 12,911 esophageal cancer patients categorized by treatment delay from diagnosis

to treatment.

Characteristics All Brief delay Moderate delay Long delay P-value
Total number 12911 2852 9131 928
Age, 95%CI 66.5 (66.3-66.7) 64.9 (64.5-65.4) 66.9 (66.7-67.1) 67.0 (66.3-67.7) <0.001
Survival months, 95%CI 18.6 (18.1-19.0) 23.1 (21.3-25.0) 19.3 (18.7-19.9) 14.7 (13.8-15.7) <0.001
‘ Age group (years) <0.001
<44 378 (2.9) 115 (4.0) 237 (2.6) 26 (2.8)
45-54 1609 (12.5) 443 (15.5) 1063 (11.6) 103 (11.1)
55-64 3568 (27.6) 846 (29.7) 2478 (27.1) 244 (26.3)
65-74 3873 (30.0) 786 (27.6) 2794 (30.6) 293 (31.6)
>75 3483 (27.0) 662 (23.2) 2559 (28.0) 262 (28.2)
‘ Sex 0.006
Male 10235 (79.3) 2318 (81.3) 7200 (78.9) 717 (77.3)
Female 2676 (20.7) 534 (18.7) 1931 (21.1) 211 (22.7)
‘ Marital status <0.001
Single 5360 (41.5) 1221 (42.8) 3690 (40.4) 449 (48.4)
Couple 7551 (58.5) 1631 (57.2) 5441 (59.6) 479 (51.6)
‘ Household income <0.001
Low level 1668 (12.9) 413 (14.5) 1142 (12.5) 113 (12.2)
Middle level 5253 (40.7) 1167 (40.9) 3658 (40.1) 428 (46.1)
High level 5990 (46.4) 1272 (44.6) 4331 (47.4) 387 (41.7)
‘ Living areas 0.003
Metropolitan areas 11127 (86.2) 2410 (84.5) 7896 (86.5) 821 (88.5)
Nonmetropolitan areas 1784 (13.8) 442 (15.5) 1235 (13.5) 107 (11.5)
‘ Primary site 0.026
Upper third of esophagus 779 (6.0) 198 (6.9) 524 (5.7) 57 (6.1)
Middle third of esophagus 2103 (16.3) 418 (14.7) 1525 (16.7) 160 (17.2)
Lower third of esophagus 7604 (58.9) 1669 (58.5) 5401 (59.2) 534 (57.5)
Other site 2425 (18.8) 567 (19.9) 1681 (18.4) 177 (19.1)
Differentiation <0.001
Highly differentiated 586 (4.5) 99 (3.5) 424 (4.6) 63 (6.8)
Moderately differentiated 5133 (39.8) 1088 (38.1) 3646 (39.9) 399 (43.0)
Poor differentiated 6954 (53.9) 1595 (55.9) 4902 (53.7) 457 (49.2)
Undifferentiated 238 (1.8) 70 (2.5) 159 (1.7) 9 (1.0)
Stage <0.001
I 1358 (10.5) 248 (8.7) 945 (10.3) 165 (17.8)
il 2139 (16.6) 315 (11.0) 1610 (17.6) 214 (23.1)
11 2930 (22.7) 490 (17.2) 2212 (24.2) 228 (24.6)
v 6484 (50.2) 1799 (63.1) 4364 (47.8) 321 (34.6)
(Continued)
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TABLE 1 Continued

10.3389/fonc.2024.1445267

Characteristics Brief delay Moderate delay Long delay P-value
Histology ‘ 0.011
Squamous cell carcinoma 4746 (36.8) 987 (34.6) 3380 (37.0) 379 (40.8)
Adenocarcinoma 7119 (55.1) 1630 (57.2) 5015 (54.9) 474 (51.1)
Other 1046 (8.1) 235 (8.2) 736 (8.1) 75 (8.1)
Radiotherapy ‘ <0.001
Yes 9680 (75.0) 1992 (69.8) 6944 (76.0) 744 (80.2)
No 3231 (25.0) 860 (30.2) 2187 (24.0) 184 (19.8)
Chemotherapy ‘ <0.001
Yes 10857 (84.1) 2281 (80.0) 7853 (86.0) 723 (77.9)
No 2054 (15.9) 571 (20.0) 1278 (14.0) 205 (22.1)

95%Cl, 95% confidential interval.

patients, 22.1% received immediate treatment, while 70.7%
experienced an intermediate delay and 7.20% endured a long
delay prior to undergoing EC treatment.

Among the EC patients, males constituted the largest group
with a total of 79.3%, while females accounted for 20.7%. Brief
treatment was received by only approximately one-fifth of male and
female patients, with percentages of 22.6% and 19.9%, respectively.
Delay in cancer treatment is consistently observed among single EC
cancer patients (22.8%), residing in nonmetropolitan areas (24.8%)
and having low household income (24.8%).

Survival outcomes and univariate analysis

The OS rates at 1, 3, and 5 years for all patients were 37.8%
(37.0%-38.7%), 12.6%(12.0%-13.2%), and 7.88%(7.42%-8.36%),
respectively. The median OS time for the investigated cases of EC
was 9.00 months (95% CI=8.78-9.21). The CSS rates at 1, 3, and 5
years for all patients were found to be 40.9%(40.0%-41.8%), 15.5%
(14.9%-16.2%) and 11.1%(10.5%-11.7%), respectively. The median
CSS time for the investigated EC cases was determined to be
approximately 10.0 months (95% CI=9.76-10.2). The demographic
and clinical characteristics were used to categorize the subgroup of
OS and CSS rate, as well as their median survival time.

The OS rates of EC in male patients, patients aged >75, low-income
patients, single patients, and residing in nonmetropolitan areas were
significantly lower with a 5-year OS rate of only 6.77%, 7.23%, 1.30%,
7.43%, 6.78%, and 6.58%. The 5-year OS rates of patients with upper
third esophageal tumors (15.5%) and patients diagnosed with
squamous cell carcinoma (12.1%) exhibited superior outcomes
compared to those observed in other patients. The 5-year OS rate of
poor/undifferentiated patients was significantly lower compared to that
of other patients. The patients in stage I exhibited the longest median
survival time (14.0 months), whereas those in stage IV demonstrated
the shortest median survival time (7.0 months). The CSS rate showed
the similar findings. (Table 2; Supplementary Table 1)

Frontiers in Oncology

Patients with EC who experienced a long delay between
diagnosis and treatment exhibited the lowest OS and CSS, with
median survival times of 7.88 months (95% CI=7.42-8.36) and 10.0
months (95% CI=9.76-10.2), respectively. The figures illustrate in
Figure 2 that patients who experienced a long treatment delay
exhibited the lowest survival rates within 60 months, whereas those
who did not encounter any delay had the highest survival rates.

The univariate and multivariate analysis presented in Table 3;
Supplementary Table 2 also provide corroborative evidence for
these findings. Following adjustment for relevant covariates,
patients with EC who experienced an intermediate delay in
treatment exhibited a significantly elevated risk of all-cause
mortality (HR=1.209, 95%CI=1.128-1.296) and cancer-specific
mortality (HR=1.259, 95%CI=1.168-1.358) compared to the group
receiving immediate treatment. Similar results were observed in the
cohort with long delay in treatment, where EC patients
demonstrated a significantly higher risk of all-cause mortality
(HR=1.574, 95%CI=1.459-1.698) and cancer-specific mortality
(HR=1.693, 95%CI=1.560-1.838).

Multivariable analysis

The Cox analyses further validated that sex, age, marital status,
household income, living areas, primary site, differentiation, stage,
histology, radiotherapy and chemotherapy exhibited significant
associations with an elevated risk of both all-cause and cancer-
specific mortality.

Dose-response analysis
A non-linear relationship between the duration from diagnosis
to treatment and the risk of mortality, both all-cause and cause-

specific, is depicted in Figure 3. A statistically significant J-shaped
correlation was observed between treatment delay and both overall

frontiersin.org
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TABLE 2 Overall survival rate and median survival time of the 12,911 esophageal cancer patients.

Characteristics

Overall survival rate (%, 95%Cl)

1-year

3-year

5-year

Survival time
(months, 95%Cl)

10.3389/fonc.2024.1445267

All patients 37.8 (37.0-38.7) 12.6 (12.0-13.2) 7.88 (7.42-8.36) 9.00 (8.78-9.21)

‘ Sex <0.001
Male 36.3 (35.4-37.2) 11.2 (10.6-11.8) 6.77 (6.29-7.28) 9.00 (8.76-9.23)
Female 43.6 (41.8-45.6) 18.0 (16.6-19.5) 12.1 (10.9-13.4) 11.0 (10.4-11.5)

‘ Age group (years) <0.001
<44 34.8 (30.3-40.0) 9.61 (7.04-13.1) 6.87 (4.72-10.0) 9.00 (7.90-10.0)
45-54 35.4 (33.1-37.8) 9.37 (8.04-10.9) 6.55 (5.44-7.89) 9.00 (8.46-9.53)
55-64 36.8 (35.2-38.4) 11.9 (10.9-13.0) 7.52 (6.70-8.44) 9.00 (8.63-9.37)
65-74 40.9 (39.4-42.5) 14.9 (13.8-16.1) 9.42 (8.54-10.4) 10.0 (9.58-10.4)
>75 36.9 (35.3-38.5) 12.5 (11.5-13.7) 7.23 (6.42-8.15) 8.00 (7.56-8.43)

‘ Marital status <0.001
Single 35.4 (34.1-36.7) 114 (10.6-12.3) 6.78 (6.13-7.49) 9.00 (8.68-9.31)
Couple 39.5 (38.4-40.6) 13.4 (12.6-14.2) 8.65 (8.04-9.31) 10.0 (9.72-10.2)

‘ Household income <0.001
Low level 34.7 (32.5-37.0) 11.7 (10.2-13.3) 7.43 (6.27-8.81) 8.00 (7.42-8.57)
Middle level 36.6 (35.3-37.9) 12.4 (11.5-13.3) 7.73 (7.03-8.49) 9.00 (8.67-9.32)
High level 39.8 (38.5-41.0) 13.0 (12.2-13.9) 8.13 (7.46-8.85) 10.0 (9.68-10.3)

‘ Living areas 0.001
Metropolitan areas 38.3 (37.4-39.2) 12.9 (12.3-13.5) 8.08 (7.59-8.61) 9.00 (8.76-9.23)
Nonmetropolitan areas 34.8 (32.6-37.0) 10.8 (9.46-12.3) 6.58 (5.52-7.85) 9.00 (8.45-9.54)

‘ Primary site <0.001
Upper third of esophagus 48.4 (45.0-52.0) 21.5 (18.8-24.6) 15.5 (13.1-18.3) 12.0 (10.8-13.1)
Middle third of esophagus 39.9 (37.8-42.0) 16.6 (15.1-18.3) 10.1 (8.92-11.5) 10.0 (9.47-10.5)
Lower third of esophagus 36.7 (35.6-37.8) 10.1 (9.52-10.8) 6.33 (5.80-6.91) 9.00 (8.73-9.26)
Other site 36.1 (34.2-38.1) 14.0 (12.7-15.4) 8.31 (7.28-9.49) 8.00 (7.52-8.48)

Diferentiation <0.001
Highly diferentiated 50.0 (46.2-54.3) 21.6 (18.5-25.2) 12.9 (10.5-16.0) 13.0 (11.7-14.2)
Moderately diferentiated 42.4 (41.0-43.7) 15.1 (14.1-16.1) 9.27 (8.50-10.1) 10.0 (9.64-10.3)
Poor diferentiated 33.7 (32.6-34.8) 10.1 (9.44-10.8) 7.56 (4.85-11.7) 8.00 (7.74-8.25)
Undiferentiated 29.4 (24.1-35.8) 10.0 (6.90-14.7) 6.43 (5.87-7.03) 8.00 (6.74-9.25)

Stage <0.001
I 53.2 (50.7-56.0) 24.7 (22.5-27.1) 15.0 (13.2-17.0) 14.0 (12.8-15.1)
1I 53.0 (50.9-55.2) 22.7 (21.0-24.6) 14.5 (13.1-16.1) 14.0 (13.1-14.8)
111 45.7 (43.9-47.5) 17.3 (16.0-18.8) 11.2 (10.1-12.4) 11.0 (10.4-11.5)
v 26.0 (24.9-27.1) 4.57 (4.09-5.12) 2.61 (2.25-3.04) 7.00 (6.77-7.22)

(Continued)
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TABLE 2 Continued

Characteristics

10.3389/fonc.2024.1445267

Overall survival rate (%, 95%Cl)

1-year 3-year 5-year Survival time
(months, 95%Cl)
Histology <0.001
Squamous cell carcinoma 41.2 (39.8-42.6) 18.6 (17.5-19.7) 12.1 (11.2-13.1) 10.0 (9.62-10.3)
Adenocarcinoma 36.6 (35.5-37.7) 9.31 (8.66-10.0) 5.38 (4.88-5.94) 9.00 (8.72-9.27)
Other 31.0 (28.3-33.9) 8.16 (6.65-10.0) 5.11 (4.65-5.90) 7.00 (6.35-7.64)
‘ Radiotherapy ‘ <0.001
Yes 40.8 (39.8-41.7) 15.2 (14.5-15.9) 9.51 (8.94-10.1) 10.0 (9.72-10.2)
No 26.0 (24.9-27.1) 4.57 (4.09-5.12) 2.61 (2.25-3.04) 8.00 (7.66-8.33)
‘ Chemotherapy ‘ <0.001
Yes 41.4 (40.5-42.3) 14.0 (1.34-14.7) 8.86 (8.34-9.41) 10.0 (9.71-10.2)
No 18.8 (17.2-20.6) 4.94 (4.08-5.98) 2.67 (2.05-3.48) 4.00 (3.67-4.32)
o s
Brief delay 50.2 (47.0-53.5) 16.9 (14.7-19.5) 10.0 (8.25-12.1) 13.0 (12.1-13.8)
Moderate delay 39.5 (38.5-40.5) 13.4 (12.7-14.1) 8.31 (7.75-8.89) 10.0 (9.74-10.2)
Long delay 28.4 (26.8-30.1) 8.63 (7.65-9.73) 5.80 (4.99-6.73) 7.00 (6.61-7.38)

95%CI, 95% confidential interval.

mortality as well as mortality related to specific causes. The findings
suggest that there is a positive correlation between the duration of
treatment delay and the patient’s risk of mortality, both from all-
cause and cancer-specific causes.

Subgroup analysis

We conducted subgroup analysis stratified by the demographic
and clinical covariates. The observed trends suggest that most
subgroups exhibit similar effects on treatment delay and OS, with
patients experiencing long delays being at a higher risk of mortality.

The adverse impact of prolong delay of treatment on the survival of
patients with EC was consistently observed across various
subgroups. (Table 4)

The detrimental impact of long treatment delay on the CSS was
consistently observed across various subgroups. (Supplementary Table 3)

Assessment of Cox proportional hazard
regression models

The AUC values of the two models with different outcomes are
presented in Figure 4. The AUC values in the cohort were observed to

Monthes of diagnosis to treatment
=+ Long delay

~ Moderate delay

~+ Brief delay

Overall survival ( probablity )

p <0.0001

Monthes of diagnosis to treatment
~~ Long delay

~ Moderate delay

~+ Brief delay

Cancer-specific survival ( probablity )

p <0.0001

20 30 %
Time since diagnosis ( months )

FIGURE 2

Kaplan-Meier curves illustrating the overall survival and cancer-specific survival of the investigated EC patients, stratified by treatment delay (left

panel: overall survival; right panel: cancer-specific survival).
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TABLE 3 Univariate and multivariate analyses demonstrating the association between demographic factors, clinical characteristics, and overall
survival in patients with esophageal cancer.

Characteristics

Univariate

HR (95%Cl)

Multivariate

HR (95%Cl)

Sex
Male Reference Reference
Female 0.841 (0.802-0.881) <0.001 0.809 (0.774-0.846) <0.001
Age group (years) <0.001 <0.001
<44 Reference Reference
45-54 1.014 (0.904-1.138) 0.809 1.060 (0.944-1.190) 0.323
55-64 0.976 (0.875-1.088) 0.658 1.068 (0.957-1.192) 0.241
65-74 0.911 (0.817-1.015) 0.091 1.062 (0.952-1.186) 0.281
275 1.045 (0.937-1.166) 0.427 1.261 (1.128-1.410) <0.001
Marital status
Single Reference Reference
Couple 0.852 (0.821-0.885) <0.001 0.902 (0.871-0.935) <0.001
Household income <0.001 <0.001
Low level Reference Reference
Middle level 0.948 (0.890-1.010) 0.101 0.967 (0.914-1.023) 0.242
High level 0.882 (0.824-0.943) <0.001 0.911 (0.862-0.963) 0.001
Living areas
Metropolitan areas Reference Reference
Nonmetropolitan areas 1.022 (0.962-1.085) 0.487 1.087 (1.033-1.144) 0.001
Primary site 0.007 <0.001
Upper third of esophagus Reference Reference
Middle third of esophagus 1.108 (1.017-1.208) 0.019 1.194 (1.096-1.301) <0.001
Lower third of esophagus 1.084 (0.997-1.179) 0.058 1.365 (1.263-1.474) <0.001
Other site 1.149 (1.054-1.251) 0.002 1.317 (1.211-1.432) <0.001
Differentiation <0.001 <0.001
Highly diferentiated Reference Reference
Moderately diferentiated 1.149 (1.051-1.257) 0.002 1.182 (1.082-1.292) <0.001
Poor diferentiated 1.328 (1.216-1.451) <0.001 1.440 (1.319-1.572) <0.001
Undiferentiated 1.230 (1.052-1.439) 0.010 1.472 (1.261-1.719) <0.001
Stage <0.001
1 Reference Reference
11 1.103 (1.027-1.184) 0.007 0.991 (0.924-1.064) 0.807
111 1.330 (1.243-1.424) <0.001 1.173 (1.097-1.253) 0.001
v 2.075 (1.944-2.215) <0.001 1.978 (1.861-2.102) 0.001
Histology <0.001 <0.001
Squamous cell carcinoma Reference Reference
Adenocarcinoma 1.061 (1.010-1.115) 0.019 1.235 (1.189-1.283) <0.001
(Continued)
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TABLE 3 Continued

Characteristics Univariate Multivariate
HR (95%Cl) HR (95%Cl)
Living areas
Other 1.232 (1.144-1.328) <0.001 1.403 (1.310-1.502) <0.001
Radiotherapy
Yes Reference Reference
No 1.163 (1.111-1.218) <0.001 1.408 (1.351-1.466) <0.001
Chemotherapy
Yes Reference Reference
No 2.093 (1.989-2.203) <0.001 1.932 (1.841-2.026) <0.001
Time from diagnosis
to treatment <0.001 <0.001
Brief delay Reference Reference
Moderate delay 1.246 (1.161-1.336) <0.001 1.209 (1.128-1.296) <0.001
Long delay 1.503 (1.392-1.623) <0.001 1.574 (1.459-1.698) <0.001

HR, hazard ratio; 95%ClI, 95% confidential interval.
Signifcant values are in [bold].

be high: AUCqs =0.749 (95%CI=0.737-0.761) and AUCcgs =0.751  treatment and significantly higher all-cause mortality as well as

(95%CI=0.737-0.766). All model assessment results confirmed that our ~ mortality specifically attributed to cancer-related causes among

Cox models fit well. patients with EC. Moreover, a statistically significant J-shaped
correlation was identified between treatment delay and both overall
mortality as well as cause-specific mortality outcomes. These findings

Discussion underscored the importance of investigating the impact of treatment
delays on long-term survival outcomes in patients with EC.

The aim of the present study is to investigate the impact of The accumulation of substantial evidence indicates that a delay
delayed endoscopic treatment on overall survival (OS) and cancer-  in the initiation of cancer treatment can lead to unfavorable
specific survival (CSS) in nonsurgical esophageal cancer patients,  outcomes (7, 24, 25). A comprehensive meta-analysis revealed
while controlling for individual and clinical characteristics, utilizing ~ that even a mere four-week delay in cancer treatment is
data from the period spanning 2000 to 2020. Patients who  associated with an increased risk of mortality across various types
experienced a long delay (=3 months) in EC treatment exhibited 1-  of cancer, including both surgical and nonsurgical treatments. The
, 3-,and 5-year OS rates of 28.4%, 8.63%, and 5.80% respectively, with  consistent findings consistently indicate a mortality risk ranging
corresponding CSS rates of 31.0%, 10.7%, and 7.79%. Notably, an  from 1.06 to 1.08 for every four-week delay in nonsurgical
independent association was observed between long delay in EC  procedures (7). Similarly, a large cohort study indicated that there

100

P for overall <0.001
P for nonlincar <0.001

P for overall <0.001
P for nonlincar <0.001

Hazard ratio (95% CI)
Hazard ratio (95% CI)

[} 6
Diagnosis to treatment (months) Diagnosis to treatment (months)

FIGURE 3
Nonlinear association between the duration from diagnosis to treatment and the risk of mortality, both all-cause (left) and cause-specific (right).
Associations were assessed using multivariable Cox regression models with restricted cubic splines.
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TABLE 4 Subgroup analyses for the association of the association between demographic factors, clinical characteristics, and overall survival in
patients with esophageal cancer.

Brief delay Moderate delay Long delay
Total number 2852 9131 928
Sex
Male Reference 1.257 (1.161-1.360) 1.476 (1.354-1.610) <0.001
Female Reference 1.235 (1.063-1.435) 1.609 (1.360-1.905) <0.001
Age group (years)
<44 Reference 1.420 (0.911-2.211) 1.376 (0.855-2.215) 0.300
45-54 Reference 1.442 (1.157-1.797) 1.714 (1.360-2.160) <0.001
55-64 Reference 1.110 (0.968-1.272) 1.296 (1.117-1.503) <0.001
65-74 Reference 1.286 (1.133-1.459) 1.600 (1.390-1.842) <0.001
>75 Reference 1.288 (1.130-1.468) 1.679 (1.449-1.946) <0.001
Primary site
Upper third of esophagus Reference 1.492 (1.114-1.997) 1.857 (1.358-2.538) <0.001
Middle third of esophagus Reference 1.272 (1.074-1.508) 1.660 (1.372-2.009) <0.001
Lower third of esophagus Reference 1.250 (1.140-1.370) 1.439 (1.301-1.592) <0.001
Other site Reference 1.176 (1.000-1.383) 1.466 (1.229-1.749) <0.001
Diferentiation
Highly diferentiated Reference 1.154 (0.866-1.537) 1.507 (1.073-2.117) 0.035
Moderately diferentiated Reference 1.315 (1.180-1.465) 1.514 (1.343-1.707) <0.001
Poor diferentiated Reference 1.190 (1.078-1.314) 1.468 (1.318-1.635) <0.001
Undiferentiated Reference 1.374 (0.67-2.818) 1.624 (0.773-3.416) 0.351
Stage
I Reference 1.082 (0.910-1.286) 1.173 (1.055-1.442) 0.035
1I Reference 1.234 (1.062-1.434) 1.354 (1.127-1.626) 0.005
111 Reference 1.071 (0.929-1.234) 1.203 (1.022-1.418) 0.037
v Reference 1.476 (1.314-1.658) 1.837 (1.626-2.075) <0.001
Radiotherapy
Yes Reference 1.255 (1.160-1.358) 1.527 (1.398-1.667) <0.001
No Reference 1.293 (1.106-1.512) 1.490 (1.263-1.757) <0.001
Chemotherapy
Yes Reference 1.164 (1.076-1.261) 1.321 (1.211-1.441) <0.001
No Reference 1.444 (1.244-1.678) 2.223 (1.887-2.620) <0.001
Marital status
Single Reference 1.225 (1.107-1.356) 1.594 (1.425-1.783) <0.001
Couple Reference 1.274 (1.156-1.404) 1.446 (1.300-1.609) <0.001
Household income
Low level Reference 1.082 (0.888-1.319) 1.331 (1.075-1.647) 0.001
Middle level Reference 1.298 (1.170-1.442) 1.568 (1.397-1.760) <0.001
High level Reference 1.245 (1.118-1.388) 1.476 (1.311-1.662) <0.001
(Continued)
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Characteristics Brief delay Moderate delay Long delay P-value
Living areas
Metropolitan areas Reference 1.257 (1.167-1.355) 1.504 (1.385-1.633) <0.001
Nonmetropolitan areas Reference 1.193 (0.971-1.465) 1.482 (1.190-1.846) <0.001
Histology
Squamous cell carcinoma Reference 1.377 (1.231-1.540) 1.685 (1.487-1.908) <0.001
Adenocarcinoma Reference 1.181 (1.072-1.302) 1.373 (1.235-1.526) <0.001
Other Reference 1.212 (0.943-1.594) 1.624 (1.233-2.272) <0.001

95%ClI, 95% confidential interval.
Signifcant values are in [bold].

is a consistent association between delayed initiation of treatment
and increased 5-year and 10-year predicted mortality rates across
various cancers, including nonmetastatic breast, prostate, non-small
cell lung, and colon cancers. This study also provided evidence
suggesting that shorter time-to-treatment initiation is linked to
reduced mortality rates for all examined cancer types, implying an
indirect relationship between treatment deferral and mortality (24).
The findings of another extensive cohort study suggested a
significant prolongation in the time to treatment initiation, which
is associated with an absolute increase in mortality risk ranging
from 1.2% to 3.2% per week in curative settings such as early-stage
breast, lung, renal, and pancreatic cancers (25). Recently conducted
multi-cancer analyses revealed that, upon adjusting for
confounding factors, a prolonged duration from diagnosis to
treatment initiation (<6 months) was associated with adverse
effects on the survival outcomes of patients diagnosed with early-
stage female cancers, including non-small cell lung cancer, breast
cancer, thyroid cancer, colorectal cancer, and cervical cancer (18).
However, previous studies have primarily focused on the impact of
treatment delays on survival outcomes in other prevalent cancers.
The occurrence of treatment delay in anti-tumor therapy is more
likely to be observed among both non-surgical candidates with
early-stage cancer and patients who are not recommended for
surgery due to advanced-stage cancer (26-28).

The continuous updates from systematic reviews and meta-
analyses have consistently demonstrated the detrimental impact of

prolonged wait times between diagnosis and treatment on clinical
outcomes among patients with various types of cancer (7, 15, 29).
Additionally, this period preceding treatment can be distressing for
patients, as they grapple with the emotional and psychological
impact of their diagnosis. This waiting period, albeit necessary,
can adversely affect their quality of life, causing stress, anxiety, and
depression. Delays in the treatment of patients with localized
cancers following their initial diagnoses have been shown to
increase the likelihood of disease progression to locally advanced
or even metastatic stages. The prognosis of EC is strongly correlated
with the stages as per the tumor-node-metastasis (TNM) staging
system established by the American Joint Committee on Cancer
(AJCC) (30). In Stage I, surgery treatment intervention yields a 5-
year survival rate ranging from 50% to 80%. For Stages II and III,
the corresponding 5-year survival rates are approximately 30-40%
and 10-15%, respectively. Patients diagnosed with metastatic
disease (Stage IV) who receive palliative therapy have a median
survival of less than one year (31). However, the 5-year OS and CSS
rates for non-surgical EC patients in our study were only 5.80%
(4.99%-6.73%) and 7.79% (6.79%-8.94%), respectively. Therefore,
early detection and timely treatment in Stages I or II offer a
significant potential for cure among EC patients. Interestingly, we
observed a significant increase in the risk of both all-cause and
cancer-specific mortality among patients with all stages of EC who
experienced long treatment delays compared to those without any
delay in treatment. The findings implied that a delay in treatment
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The AUC values in the cohort, stratified by survival outcomes (left: overall survival; right: cancer-specific survival).
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for EC could potentially lead to increased the risk of mortality
among non-surgical EC patients at any stage of EC.

In addition to the clinical characteristics, our studies also
indicated that socio-demographic factors may influence the time
interval between diagnosis and treatment. It is important to note that
disparities in demographic factors may have an impact on the
duration of cancer treatment delay as revealed in our study. These
factors included sex, age, marital status, household income, and living
areas. Our findings found that male patients, those in higher age
groups, single individuals, those with lower household incomes, and
those residing in metropolitan areas were more likely to experience
long delays in non-surgical esophageal cancer treatment.
Furthermore, previous studies have also suggested that ethnicity is
a significant socio-demographic factor. Adams et al. found that
American Indian and Alaska Natives tend to initiate cancer therapy
at a later stage compared to non-Hispanic Whites (32).

The collective findings indicate a pressing necessity to reassess
the organization of our cancer services. The prevailing paradigm
has focused on improving access to new treatments for better
outcomes, but at a systemic level, prioritizing efforts to reduce the
time from cancer diagnosis to treatment initiation from weeks to
days could lead to gains in survival. While acknowledging that
delays in treatment are multifactorial and patients should not begin
treatment until medically cleared and all appropriate evaluations
have been completed, these data strongly support minimizing
system-level delays. For instance, national quality indicators
regarding cancer waiting times from diagnosis to treatment are
widely utilized across various healthcare systems. In the UK NHS,
current targets for initiating primary definitive treatment have been
set at 31 days from the decision-to-treat date; this does not include
the lag between receiving a diagnosis and having a surgical or
radiation oncology consultation for treatment (33). In the
Netherlands, the current standard of care advocates for a
reduction in the interval between diagnosis and treatment to a
maximum of 5 weeks. This is to ensure that patients receive prompt
and effective care, which is crucial in improving their chances of
recovery. To enforce this standard, all Dutch hospitals are
mandated to publish their waiting times on a monthly basis,
submitting them to the Dutch Healthcare authority for
monitoring and evaluation purposes (34, 35). Many effective
strategies have been implemented to reduce delays in treatment,
such as enhancing the capacity of specialist workforce through
training initiatives and addressing these challenges through
technological advancements. The standardization of automated
treatment contouring and planning has significantly decreased
radiotherapy preparation time from days to mere hours (36). The
establishment of satellite centers can also enhance patient treatment
capacity, along with re-configuring existing infrastructure to
accommodate high-volume super specialized services or adopting
single entry models and team-based care approaches (37).

The current study has certain limitations that require attention.
Firstly, it is a retrospective observational study with potential bias in
participant selection, uneven baseline characteristics, and other
factors that may confound the results. Secondly, curent database
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lacks information on patient attributes such as lifestyle choices,
educational background, insurance status, Charlson-Deyo
comorbidity index score, mental health status or medical
knowledge which could have influenced their prognosis.
Additionally, the available database does not provide detailed
records regarding reasons for treatment delays which are crucial
information for further investigation into this important topic and
reducing cancer progression due to delayed treatment.

Conclusion

The prolonged delay in initiating treatment significantly
impacts the OS and CSS outcomes for patients with non-surgical
EC cases. Timely administration of therapy has the potential to
improve the survival outcomes of individuals diagnosed with EC
who are not eligible for surgical intervention, including those in
advanced stages where surgical options may be not recommended
or deemed inappropriate due to disease severity.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethical
approval in this study was obtained from the Institutional Review
Board (IRB) of Zibo Central Hospital (IRB2022-00001032). The
studies were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation in this study was provided by the participants’ legal
guardians/next of kin.

Author contributions

YS: Conceptualization, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Software,
Supervision, Writing — original draft, Writing - review & editing.
PZ: Formal analysis, Funding acquisition, Writing — original draft,
Writing - review & editing. DZ: Conceptualization, Data curation,
Investigation, Methodology, Project administration, Resources,
Supervision, Validation, Visualization, Writing — original draft,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1445267
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sun et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/
caac.21660

2. Global Burden of Disease 2019 Cancer Collaboration. Cancer incidence,
mortality, years of life lost, years lived with disability, and disability-adjusted life
years for 29 cancer groups from 2010 to 2019: A systematic analysis for the global
burden of disease study 2019. JAMA Oncol. (2022) 8:420-44. doi: 10.1001/
jamaoncol.2021.6987

3. Lin L, Li Z, Yan L, Liu Y, Yang H, Li H. Global, regional, and national cancer
incidence and death for 29 cancer groups in 2019 and trends analysis of the global
cancer burden, 1990-2019. ] Hematol Oncol. (2021) 14:197. doi: 10.1186/s13045-021-
01213-z

4. Collaborators GBDOC. The global, regional, and national burden of oEC and its
attributable risk factors in 195 countriesand territories, 1990-2017: a systematic analysis
for the global burden of disease study 2017. Lancet Gastroenterol Hepatol. (2020)
5:582-97. doi: 10.1016/S2468-1253(20)30007-8

5. Biagi JJ, Raphael MJ, Mackillop WJ, Kong W, King WD, Booth CM. Association
between time to initiation of adjuvant chemotherapy and survival in colorectal cancer: a
systematic review and meta-analysis. JAMA. (2011) 305:2335-42. doi: 10.1001/
jama.2011.749

6. Raphael MJ, Biagi JJ, Kong W, Mates M, Booth CM, Mackillop WJ. The
relationship between time to initiation of adjuvant chemotherapy and survival in
breast cancer: a systematic review and meta-analysis. Breast Cancer Res Treat. (2016)
160:17-28. doi: 10.1007/s10549-016-3960-3

7. Hanna TP, King WD, Thibodeau S, Jalink M, Paulin GA, Harvey-Jones E, et al.
Mortality due to cancer treatment delay: systematic review and meta-analysis. BM]J.
(2020) 371:m4087. doi: 10.1136/bm;j.m4087

8. Cheo FY, Lim CHF, Chan KS, Shelat VG. The impact of waiting time and delayed
treatment on the outcomes of patients with hepatocellular carcinoma: A systematic
review and meta-analysis. Ann Hepatobiliary Pancreat Surg. (2024) 28(1):1-13.
doi: 10.14701/ahbps.23-090

9. Institute of Institute of Medicine (US) Committee on Crossing the Quality
Chasm: Adaptation to Mental Health and Addictive Disorders. In: Improving the
Quality of Health Care for Mental and Substance-Use Conditions: Quality Chasm Series.
Washington (DC): National Academies Press (US) (2006)

10. Liang W, Guan W, Chen R, Wang W, Li ], Xu K, et al. Cancer patients in SARS-
CoV-2 infection: a nationwide analysis in China. Lancet Oncol. (2020) 21:335-7.
doi: 10.1016/S1470-2045(20)30096-6

11. You B, Ravaud A, Canivet A, Ganem G, Giraud P, Guimbaud R, et al. The official
French guidelines to protect patients with cancer against SARS-CoV-2 infection. Lancet
Oncol. (2020) 21:619-21. doi: 10.1016/S1470-2045(20)30204-7

12. Desai A, Sachdeva S, Parekh T, Desai R. COVID-19 and cancer: lessons from a
pooled meta-analysis. JCO Glob Oncol. (2020) 6:557-9. doi: 10.1200/GO.20.00097

13. Zhao Z, Yang C, Li C. Strategies for patient with cancer during COVID-19
pandemic. Asia Pac ] Clin Oncol. (2021) 17:300-1. doi: 10.1111/ajco.13363

14. Ghannam A, Souadka A. Beware of time delay and differential diagnosis when
screening for symptoms of COVID-19 in surgical cancer patients. ] Am Coll Surg.
(2020) 231:303. doi: 10.1016/j.jamcollsurg.2020.04.032

15. Neal RD, Tharmanathan P, France B, Din NU, Cotton S, Fallon-Ferguson J, et al. Is
increased time to diagnosis and treatment in symptomatic cancer associated with poorer
outcomes? Systematic review. Br J Cancer. (2015) 112:592-107. doi: 10.1038/bjc.2015.48

Frontiers in Oncology

13

10.3389/fonc.2024.1445267

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1445267/
full#supplementary-material

16. Xia C, Dong X, Li H, Cao M, Sun D, He S, et al. Cancer statistics in China and
United States, 2022: profiles, trends, and determinants. Chin Med ] (Engl). (2022)
135:584-90. doi: 10.1097/CM9.0000000000002108

17. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP,
et al. The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet. (2007)
370:1453-7. doi: 10.1016/S0140-6736(07)61602-X

18. Min Y, Liu Z, Huang R, Li R, Jin J, Wei Z, et al. Survival outcomes following
treatment delays among patients with early-stage female cancers: a nationwide study.
J Transl Med. (2022) 20:560. doi: 10.1186/s12967-022-03719-7

19. Bleicher RJ, Ruth K, Sigurdson ER, Beck JR, Ross E, Wong YN, et al. Time to
surgery and breast cancer survival in the United States. JAMA Oncol. (2016) 2:330-9.
doi: 10.1001/jamaoncol.2015.4508

20. Chen CP, Kung PT, Wang YH, Tsai WC. Effect of time interval from diagnosis to
treatment for cervical cancer on survival: A nationwide cohort study. PLoS One. (2019)
14:€0221946. doi: 10.1371/journal.pone.0221946

21. Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic spline
functions in public health research. Stat Med. (2010) 29:1037-57. doi: 10.1002/sim.3841

22. Zhou ], Meng X, Deng L, Liu N. Non-linear associations between metabolic
syndrome and four typical heavy metals: Data from NHANES 2011-2018. Chemosphere
Mar;291(Pt. (2022) 2):132953. doi: 10.1016/j.chemosphere.2021.132953

23. Nick TG, Campbell KM. Logistic regression. Methods Mol Biol. (2007) 404:273—
301. doi: 10.1007/978-1-59745-530-5_14

24. Cone EB, Marchese M, Paciotti M, Nguyen DD, Nabi J, Cole AP, et al. Assessment
of time-to-treatment initiation and survival in a cohort of patients with common cancers.
JAMA Netw Open. (2020) 3:¢2030072. doi: 10.1001/jamanetworkopen.2020.30072

25. Khorana AA, Tullio K, Elson P, Pennell NA, Grobmyer SR, Kalady MF, et al.
Time to initial cancer treatment in the United States and association with survival over
time: An observational study. PLoS One. (2019) 14:€0213209. doi: 10.1371/
journal.pone.0213209

26. Malietzis G, Mughal A, Currie AC, Anyamene N, Kennedy RH, Athanasiou T,
et al. Factors implicated for delay of adjuvant chemotherapy in colorectal cancer: A
meta-analysis of observational studies. Ann Surg Oncol. (2015) 22:3793-802.
doi: 10.1245/s10434-015-4479-2

27. Fujii T, Le Du F, Xiao L, Kogawa T, Barcenas CH, Alvarez RH, et al. Effectiveness of
an adjuvant chemotherapy regimen for early-stage breast cancer: A systematic review and
network meta-analysis. JAMA Oncol. (2015) 1:1311-8. doi: 10.1001/jamaoncol.2015.3062

28. Chen Z, King W, Pearcey R, Kerba M, Mackillop WJ. The relationship between
waiting time for radiotherapy and clinical outcomes: a systematic review of the
literature. Radiother Oncol. (2008) 87:3-16. doi: 10.1016/j.radonc.2007.11.016

29. Brand NR, Qu LG, Chao A, Ilbawi AM. Delays and barriers to cancer care in
low- and middle-income countries: A systematic review. Oncologist. (2019) 24:e1371-
80. doi: 10.1634/theoncologist.2019-0057

30. Domper Arnal MJ, Ferrandez Arenas A, Lanas Arbeloa A. Esophageal cancer:
Risk factors, screening and endoscopic treatment in Western and Eastern countries.
World ] Gastroenterol. (2015) 21:7933-43. doi: 10.3748/wjg.v21.i26.7933

31. Lombardi A, Vitale V, Nigri G, Olivieri C, Mastrangeli MR, Bizzaglia E, et al.
Prognostic impact of the 8th edition of American Joint Committee on Cancer (AJCC)
cancer staging system on clinically negative lymph nodes (cN0) breast cancer patients.
Breast J. (2020) 26:1265-9. doi: 10.1111/tbj.13807

32. Adams SV, Bansal A, Burnett-Hartman AN, Cohen SA, Karnopp A, Warren-
Mears V, et al. Cancer treatment delays in American Indians and Alaska natives

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1445267/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1445267/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1186/s13045-021-01213-z
https://doi.org/10.1186/s13045-021-01213-z
https://doi.org/10.1016/S2468-1253(20)30007-8
https://doi.org/10.1001/jama.2011.749
https://doi.org/10.1001/jama.2011.749
https://doi.org/10.1007/s10549-016-3960-3
https://doi.org/10.1136/bmj.m4087
https://doi.org/10.14701/ahbps.23-090
https://doi.org/10.1016/S1470-2045(20)30096-6
https://doi.org/10.1016/S1470-2045(20)30204-7
https://doi.org/10.1200/GO.20.00097
https://doi.org/10.1111/ajco.13363
https://doi.org/10.1016/j.jamcollsurg.2020.04.032
https://doi.org/10.1038/bjc.2015.48
https://doi.org/10.1097/CM9.0000000000002108
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1186/s12967-022-03719-7
https://doi.org/10.1001/jamaoncol.2015.4508
https://doi.org/10.1371/journal.pone.0221946
https://doi.org/10.1002/sim.3841
https://doi.org/10.1016/j.chemosphere.2021.132953
https://doi.org/10.1007/978-1-59745-530-5_14
https://doi.org/10.1001/jamanetworkopen.2020.30072
https://doi.org/10.1371/journal.pone.0213209
https://doi.org/10.1371/journal.pone.0213209
https://doi.org/10.1245/s10434-015-4479-2
https://doi.org/10.1001/jamaoncol.2015.3062
https://doi.org/10.1016/j.radonc.2007.11.016
https://doi.org/10.1634/theoncologist.2019-0057
https://doi.org/10.3748/wjg.v21.i26.7933
https://doi.org/10.1111/tbj.13807
https://doi.org/10.3389/fonc.2024.1445267
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sun et al.

enrolled in medicare. ] Health Care Poor Underserved. (2017) 28:350-61. doi: 10.1353/
hpu.2017.0027

33. Achieving world-class cancer outcomes: a strategy for England (2015-
2020). Available online at: https://www.iccp-portal.org/system/files/plans/
Strategy%20-Final.

34. Dutch Cancer Society. Advies inzake wachttijdnormen in de kankerzorg.
Amsterdam: Signaleringscommissie Kanker, Werkgroep: ‘Wachtlijstproblematiek,
specifiek gericht op de patient met kanker (2006).

Frontiers in Oncology

14

10.3389/fonc.2024.1445267

35. (2008). VWS, Ministerie van Volksgezondheid, Welzijn en Sport. Brief Nieuwe
wachttijdenregistratie; 30 mei.

36. Kim RH, Kavanaugh MM, Caldito GC. Laparoscopic colectomy for cancer:
Improved compliance with guidelines for chemotherapy and survival. Surgery. (2017)
161:1633-41. doi: 10.1016/j.surg.2016.11.024

37. Booth CM, Nanji S, Wei X, Peng Y, Biagi JJ, Hanna TP, et al. Use and
effectiveness of adjuvant chemotherapy for stage III colon cancer: A population-
based study. J Natl Compr Canc Netw. (2016) 14:47-56. doi: 10.6004/jnccn.2016.0006

frontiersin.org


https://doi.org/10.1353/hpu.2017.0027
https://doi.org/10.1353/hpu.2017.0027
https://www.iccp-portal.org/system/files/plans/Strategy%20-Final
https://www.iccp-portal.org/system/files/plans/Strategy%20-Final
https://doi.org/10.1016/j.surg.2016.11.024
https://doi.org/10.6004/jnccn.2016.0006
https://doi.org/10.3389/fonc.2024.1445267
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Impact of treatment delays on future survival outcomes in non-surgical patients with esophageal cancer in Shandong Province, China
	Introduction
	Methods
	Data source
	Patient selection

	Variables of interest
	Demographic information
	Tumor-related information
	Definitions of delays to treatment
	Definition of outcomes
	Ethics statement
	Statistical analysis

	Results
	Characteristics of patients
	Survival outcomes and univariate analysis
	Multivariable analysis
	Dose-response analysis
	Subgroup analysis
	Assessment of Cox proportional hazard regression models

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


