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Abstract

Background: Delays in cancer treatment initiation can significantly
impact survival outcomes, but the magnitude of this effect varies by
cancer type, stage, and patient demographics. This study examined
the association between time-to-treatment initiation (TTI) and all-
cause mortality across multiple common cancers, evaluating differen-
tial impacts and sociodemographic disparities.

Methods: A retrospective cohort analysis was conducted using the
Surveillance, Epidemiology, and End Results (SEER) database,
including 991,771 adults diagnosed with breast, lung, prostate, or
colorectal cancers between 2015 and 2020. TTI intervals were di-
vided into four categories: 0 - 1,2 - 5, 6 - 9, and > 10 months.
Cox proportional hazards models, adjusted for demographic, so-
cioeconomic, cancer-specific, and treatment factors, assessed the
impact of TTI on all-cause mortality, accounting for time-varying
covariates.

Results: Overall, 63.9% of patients initiated treatment within 1
month. Unadjusted analyses revealed paradoxically lower mortality
with longer TTI intervals (26.1% for 0 - 1 month vs. 11.4% for >
10 months). After adjusting for time-varying effects, longer TTI sig-
nificantly correlated with higher mortality risks (hazard ratio (HR):
1.02 for 2 - 5 months, 1.08 for 6 - 9 months, 1.23 for > 10 months;
P < 0.001 each), compared to treatment within 1 month. Older age
(HR: 1.06), male gender (HR: 1.08), unmarried status (HR: 1.06),
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and non-Hispanic Black race (HR: 1.03) were independently associ-
ated with increased mortality. Lung cancer patients had significantly
higher mortality than breast, prostate, and colorectal cancers (all P <
0.001). Treatment differences emerged, with reduced chemotherapy
(40.2% to 10.0%) and surgical interventions (70.6% to 48.8%) at
longer intervals.

Conclusion: Our analysis showed that increased TTI is indepen-
dently associated with significantly higher all-cause mortality across
major cancers, emphasizing the urgency of timely treatment initia-
tion. Sociodemographic disparities in TTI and outcomes highlight
systemic barriers disproportionately affecting vulnerable populations,
necessitating targeted interventions to improve equitable cancer care
and survival outcomes.
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Lung cancer; Prostate cancer; Colorectal cancer

Introduction

Time-to-treatment initiation (TTI) represents a critical window
between cancer diagnosis and the start of definitive treatment
that can significantly impact patient outcomes [1]. Under-
standing the factors influencing TTI and its association with
mortality is crucial for optimizing cancer care and addressing
health disparities. Lung, breast, colorectal, and prostate can-
cers are among the most common malignancies worldwide, ac-
counting for a substantial proportion of cancer-related deaths
[2, 3]. In the United States, these four cancer types collectively
represent approximately 45% of all new cancer cases and 40%
of cancer-related deaths [4]. Despite advances in screening and
treatment, disparities in cancer outcomes persist across various
demographic groups.

The relationship between TTI and mortality is complex
and could be potentially modified by numerous factors, includ-
ing cancer type, stage at diagnosis, and patient characteristics
[5]. Sociodemographic factors such as race, age, gender, so-
cioeconomic status, and geographic location have been docu-
mented to influence both TTI and mortality outcomes [1, 6].
These disparities often mirror broader healthcare inequities
and may contribute to observed differences in cancer survival
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rates among diverse populations. Despite growing recognition
of TTI’s importance, comprehensive analyses examining the
relationship between TTI, sociodemographic factors, and mor-
tality across multiple common cancers remain limited. Most
studies have focused on single cancer types or specific demo-
graphic factors, leaving gaps in our understanding of how TTI
impacts mortality across different patient populations and can-
cer types [7].

The primary aim of this study was to investigate the as-
sociation between TTI and mortality in the four most common
cancer types: lung cancer, breast cancer, colorectal cancer, and
prostate cancer. We hypothesized that delay in TTI is associ-
ated with increased mortality while accounting for sociodemo-
graphic factors.

Materials and Methods

Data source and patient selection

We retrospectively utilized the Surveillance, Epidemiology,
and End Results (SEER) database from the year 2015 to 2020.
Adults aged 20 and older diagnosed with lung cancer, breast
cancer, colorectal cancer, or prostate cancer were identified.
Specifically, we created a session to evaluate individual can-
cer cases utilizing data from Incidence - SEER Research Data,
17 Registries, Nov 2022. Patients with unknown TTI or mor-
tality status were excluded from the analysis. We excluded
pediatric patients and cases diagnosed outside the studied
time frame.

Ethical issues

This research study was approved by local Institutional Re-
view Board (IRB), Rutgers Health IRB #24-001. The study
was performed according to the regulations established by the
Clinical Research and Ethics Committee and to the Helsinki
Declaration of the World Medical Association.

Variables selection

The primary exposure variable was TTI, measured in months
from diagnosis to first treatment. The primary outcome vari-
able was all-cause mortality, defined as death attributed to any
causes within the follow-up period. Variables extracted in-
cluded sex, age, ethnicity, marital status, median household in-
come, geographic location, cancer type, stage of cancer, grade
of cancer, and modality of treatment, i.e., surgery, chemother-
apy, or radiotherapy.

Data analysis

Categorical variables were reported as numbers and percent-
ages and analyzed using the Pearsons Chi-square test. A statis-
tically significant value was defined as P less than 0.05. Those

variables found to be significant on univariate analysis were
entered into a multivariable Cox proportional hazards model,
specifically, stage of cancer, grade, radiation treatment and
chemotherapy, and TTI as time-dependent covariates. Sta-
tistics were performed with STATA (version 17.0; StataCorp
LLC, College Station, TX).

Results

In this study, we analyzed a cohort of 991,771 participants
across four TTI intervals, with 633,943 (63.9%) initiating
therapy within 0 - 1 months, 330,596 (33.3%) within 2 - 5
months, 21,120 (2.1%) within 6 - 9 months, and 6,112 (0.6%)
at > 10 months post-diagnosis (Table 1). The age distribution
remained relatively consistent, with approximately 45% of
participants under 65 years and 55% aged 65 or older across
all intervals. However, significant sex differences emerged,
transitioning from female predominance (63.2%) in the 0
- 1 month cohort to male predominance (79.4%) in the > 10
months group. Racial and ethnic composition also shifted lon-
gitudinally, with decreasing representation of non-Hispanic
White patients (from 69.5% to 58.0%) and increasing propor-
tions of non-Hispanic Black (from 10.5% to 19.3%) and His-
panic (from 10.4% to 13.5%) populations with the increase in
TTI intervals.

Socioeconomic analysis revealed persistent disparities,
with 48.0-49.7% of patients across all TTI groups reporting
household incomes > $75,000 annually. Metropolitan resi-
dence prevalence increased from 86.8% to 91.2% with longer
TTI. In terms of cancer-specific factors, localized stage ma-
lignancies increased from 48.8% (0 - 1 months) to 69.6% (>
10 months), while distant metastases decreased from 22.2% to
7.6%. Treatment patterns showed reduced chemotherapy utili-
zation (from 40.2% to 10.0%) and surgical intervention (from
70.6% to 48.8%) with prolonged TTI, though radiation therapy
remained consistently high at approximately 97% across TTI
intervals. Cancer type distribution showed marked temporal
variation; breast (40.8%) and lung (22.5%) cancers predomi-
nated early TTI intervals (0 - 1 month), while prostate cancer
prevalence increased substantially from 12.3% to 69.1% in
later TTI intervals.

All-cause mortality

Prior to adjusting for sociodemographic factors, cancer-spe-
cific factors and time-varying covariates, the rate of all-cause
mortality stratified by TTI are as follows: 26.1% for 0 - 1
month, 15.9% for 2 - 5 months, 12% for 6 - 9 months, and
11.4% for > 10 months (Table 2) (Fig. 1, Supplementary Ma-
terials 1-3, wjon.elmerpub.com). The Cox proportional haz-
ards model revealed that TTI has a significant association with
mortality. Compared to patients with TTI of 0 - 1 months (ref-
erence group), those with longer TTI had progressively lower
hazard ratios (HRs) for mortality: 2 - 5 months (HR: 0.90,
95% confidence interval (CI): 0.88 - 0.92), 6 - 9 months (HR:
0.78, 95% CI: 0.72 - 0.85), and > 10 months (HR: 0.52, 95%

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com 287


https://wjon.elmerpub.com

TTI and Mortality in Cancer

World ] Oncol. 2025;16(3):286-294

Table 1. Baseline Characteristics of Participants by Time-to-Treatment Initiation (TTI)

Variable 0 - 1 months 2 - 5 months 6 - 9 months > 10 months P

Age
<65 286,531 (45.2%) 147,921 (44.7%) 9,528 (45.1%) 2,771 (45.3%) < 0.001
65+ 347,412 (54.8%) 182,675 (55.3%) 11,592 (54.9%) 3,341 (54.7%)

Sex <0.001
Female 400,453 (63.2%) 158,809 (48.0%) 4,716 (22.3%) 1,261 (20.6%)

Male 233,490 (36.8%) 171,787 (52.0%) 16,404 (77.7%) 4,851 (79.4%)

Marital status <0.001
Married 353,961 (55.8%) 190,602 (57.7%) 11,718 (55.5%) 3,268 (53.5%)
Separated/divorced 69,932 (11.0%) 36,421 (11.0%) 2,244 (10.6%) 563 (9.2%)
Single/widowed 210,050 (33.1%) 103,573 31.3%) 7,158 (33.9%) 2,281 (37.3%)

Race/ethnicity <0.001
Non-Hispanic White 440,604 (69.5%) 216,209 (65.4%) 12,348 (58.5%) 3,542 (58.0%)
Non-Hispanic unknown race 3,309 (0.5%) 2,060 (0.6%) 227 (1.1%) 76 (1.2%)

Non-Hispanic Black 66,467 (10.5%) 44,072 (13.3%) 3,949 (18.7%) 1,181 (19.3%)
Non-Hispanic Asian or Pacific Islander 53,564 (8.4%) 26,169 (7.9%) 1,594 (7.5%) 456 (7.5%)
Non-Hispanic American Indian/Alaska Native 3,893 (0.6%) 1,846 (0.6%) 146 (0.7%) 31 (0.5%)
Hispanic (all races) 66,106 (10.4%) 40,240 (12.2%) 2,856 (13.5%) 826 (13.5%)

Household income, inflation-adjusted <0.001
< $35,000 7,133 (1.1%) 2,770 (0.8%) 149 (0.7%) 47 (0.8%)
$35,000 - $39,999 10,606 (1.7%) 4,293 (1.3%) 253 (1.2%) 68 (1.1%)
$40,000 - $44,999 23,332 (3.7%) 10,177 (3.1%) 600 (2.8%) 190 (3.1%)
$45,000 - $49,999 27,272 (4.3%) 12,407 (3.8%) 781 (3.7%) 245 (4.0%)
$50,000 - $54,999 30,602 (4.8%) 14,190 (4.3%) 824 (3.9%) 209 (3.4%)
$55,000 - $59,999 52,314 (8.3%) 25,424 (7.7%) 1,473 (7.0%) 432 (7.1%)
$60,000 - $64,999 40,911 (6.5%) 20,717 (6.3%) 1,325 (6.3%) 385 (6.3%)
$65,000 - $69,999 66,670 (10.5%) 37,650 (11.4%) 2,565 (12.1%) 757 (12.4%)
$70,000 - $74,999 70,561 (11.1%) 40,390 (12.2%) 2,653 (12.6%) 754 (12.3%)
$75,000+ 304,516 (48.0%) 162,565 (49.2%) 10,497 (49.7%) 3,025 (49.5%)
Unknown/missing/no match/not 1990-2021 26 (0.0%) 13 (0.0%) 0 (0.0%) 0 (0.0%)

Region <0.001
Non-metropolitan 83,724 (13.2%) 36,173 (10.9%) 2,022 (9.6%) 535 (8.8%)

Metropolitan 550,219 (86.8%) 294,423 (89.1%) 19,098 (90.4%) 5,577 (91.2%)

Stage <0.001

In situ 51 (0.0%) 8 (0.0%) 1 (0.0%) 0 (0.0%)
Localized 309,355 (48.8%) 203,458 (61.5%) 14,767 (69.9%) 4,257 (69.6%)
Regional 176,547 (27.8%) 87,852 (26.6%) 4,444 (21.0%) 1,085 (17.8%)
Distant 140,973 (22.2%) 35,844 (10.8%) 1,451 (6.9%) 466 (7.6%)

Unknown/unstaged 7,017 (1.1%) 3,434 (1.0%) 457 (2.2%) 304 (5.0%)

Grade <0.001
Well-differentiated/unknown 423,915 (66.9%) 215,536 (65.2%) 14,461 (68.5%) 4,395 (71.9%)
Moderately differentiated 126,946 (20.0%) 75,809 (22.9%) 4,911 (23.3%) 1,284 (21.0%)

Poorly differentiated 78,657 (12.4%) 38,372 (11.6%) 1,726 (8.2%) 428 (7.0%)
Anaplastic 4,425 (0.7%) 879 (0.3%) 22 (0.1%) 5(0.1%)

Radiation <0.001
No 19,656 (3.1%) 11,134 (3.4%) 583 (2.8%) 182 (3.0%)

Yes 614,287 (96.9%) 319,462 (96.6%) 20,537 (97.2%) 5,930 (97.0%)
288 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com



Ang et al

World ] Oncol. 2025;16(3):286-294

Table 1. Baseline Characteristics of Participants by Time-to-Treatment Initiation (TTI) - (continued)

Variable 0 - 1 months 2 - 5 months 6 - 9 months > 10 months P
Chemotherapy <0.001
No 378,930 (59.8%) 245,170 (74.2%) 18,795 (89.0%) 5,503 (90.0%)
Yes 255,013 (40.2%) 85,426 (25.8%) 2,325 (11.0%) 609 (10.0%)
Surgery <0.001
No 186,609 (29.4%) 113,480 (34.3%) 10,243 (48.5%) 3,131 (51.2%)
Yes 447,334 (70.6%) 217,116 (65.7%) 10,877 (51.5%) 2,981 (48.8%)
Cancer type <0.001
Lung 142,456 (22.5%) 66,023 (20.0%) 3,319 (15.7%) 809 (13.2%)
Breast 258,357 (40.8%) 112,258 (34.0%) 2,631 (12.5%) 708 (11.6%)
Prostate 78,211 (12.3%) 120,748 (36.5%) 14,066 (66.6%) 4,224 (69.1%)
Colon 154,919 (24.4%) 31,567 (9.5%) 1,104 (5.2%) 371 (6.1%)
Table 2. Overall Mortality and Mortality by Type of Cancer
Cancer type 0 - 1 months 2 - 5 months 6 - 9 months > 10 months
Overall 165,616/633,943 (26.1%) 52,608/330,596 (15.9%) 2,543/21,120 (12.0%) 694/6,112 (11.4%)
Lung 82,175/142,456 (57.70%) 30,206/66,023 (45.80%) 1,309/3,319 (39.40%) 298/809 (36.80%)
Breast 25,532/254,357 (9.90%) 8,345/112,258 (7.40%) 366/2,631 (13.90%) 98/708 (13.80%)
Prostate 41,825/154,919 (27.00%) 8,347/31,567 (26.40%) 335/1,104 (30.30%) 93/371 (25.10%)
Colon 156,516/633,943 (26.10%) 52,608/330,596 (15.90%) 2,543/21,120 (12.00%) 694/6,112 (11.40%)

Data presented as event/total.
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Figure 1. Kaplan-Meier curve showing overall survival by time-to-treatment initiation (TTI).
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CI: 0.45-0.61), all P < 0.001. However, when accounting for
time-varying effects, longer TTI was associated with increased
mortality risk: 2 - 5 months (HR: 1.02, 95% CI: 1.01 - 1.03),
6-9 months (HR: 1.08, 95% CI: 1.04 - 1.12), and > 10 months
(HR: 1.23,95% CI: 1.16 - 1.31, P < 0.001) (Table 3).

Other significant factors associated with increased mortal-
ity risk included age > 65 (HR: 1.06, 95% CI: 1.05 - 1.08),
male sex (HR: 1.08, 95% CI: 1.07 - 1.09), and being separated
(HR: 1.04, 95% CI: 1.03 - 1.06) or single/unmarried/widowed
(HR: 1.06, 95% CI: 1.05 - 1.08) compared to married indi-
viduals. Non-Hispanic Black patients had a slightly higher risk
(HR: 1.03, 95% CI: 1.02 - 1.05, P < 0.001) compared to non-
Hispanic Whites, while non-Hispanic Asian or Pacific Island-
ers had a lower risk (HR: 0.94, 95% CI: 0.92 - 0.96, P<0.001).

Regarding cancer types, breast (HR: 0.81, 95% CI: 0.80
- 0.83), prostate (HR: 0.67, 95% CI: 0.66 - 0.69), and colon
(HR: 0.95, 95% CI: 0.94 - 0.97) cancers had lower mortality
risks compared to lung cancer (all P < 0.001). Surgery was
associated with lower mortality risk (HR: 0.84, 95% CI: 0.83
- 0.85, P <0.001). Higher grade tumors were associated with
lower initial mortality risk but higher time-varying risk. Chem-
otherapy was associated with lower initial risk (HR: 0.58, 95%
CI: 0.57 - 0.59, P < 0.001) but higher time-varying risk (HR:
1.03, 95% CI: 1.02 - 1.04, P < 0.001).

Discussion

This large-scale analysis of TTI and mortality across four
common cancer types reveals a complex relationship between
treatment delays and patient outcomes. Our findings demon-
strate that after accounting for time-varying effects, longer TTI
was significantly associated with increased mortality risk, with
HRs progressively rising from 1.02 for 2 - 5 months to 1.23 for
delays of > 10 months when compared to treatment within 1
month of diagnosis. This temporal relationship highlights the
critical importance of timely initiation of cancer therapy, par-
ticularly for certain cancer types and demographic groups.

The paradoxical observation of lower unadjusted mortal-
ity rates with longer TTI (26.1% for O - 1 month vs. 11.4% for
> 10 months) likely reflects treatment selection bias, whereby
patients with more aggressive disease or worse performance
status receive expedited care. This phenomenon has been doc-
umented in previous studies and emphasizes the importance of
multivariate analyses that account for time-varying covariates.
After appropriate adjustment, our results align with growing
evidence that treatment delays are associated with worse out-
comes. Previous research has demonstrated that each 4-week
delay in cancer treatment is associated with a 6-13% increase
in mortality risk, with even greater impacts for specific cancer
types and treatment modalities [8].

Our findings reveal significant sociodemographic dispari-
ties in both TTI and subsequent mortality. We observed a shift
from female predominance in the earliest treatment group to
male predominance in the most delayed group, suggesting po-
tential sex-based disparities in access to timely care. Similarly
concerning was the decreasing representation of non-Hispanic
White patients and increasing proportions of non-Hispanic

Black and Hispanic populations with longer TTI intervals.
These patterns reflect broader healthcare inequities that have
been documented in numerous studies, including recent work
identifying insurance status, language barriers, and socioeco-
nomic status as predictors of delayed care [9-11]. For instance,
Smith et al studied the relationship between treatment delay
time and 5-year survival rates using the California Cancer Reg-
istry [12]. They reported that women with public or no insurance
and women (17.8% compared to 9.5% with private insurance)
with low socioeconomic status (17.5% compared to 7.7% with
high socioeconomic status) were associated with treatment de-
lay time of more than 6 weeks more frequently [12].

Importantly, the 5-year survival rate for women with sur-
gical treatment delays beyond 6 weeks was 80% compared to
90% for those treated within 2 weeks. Eaglehouse et al studied
the time-to-breast cancer surgery in the Military Health Sys-
tem. They found that while the median time to surgery was
similar (21 days for White women versus 22 days for Black
women), Black women experienced significantly greater de-
lays at the 75th (3.6 days longer) and 90th (8.9 days longer)
percentiles compared to White women [13].

The relationship between TTI and mortality varied sub-
stantially by cancer type, reflecting differences in biology,
treatment approaches, and staging patterns. While direct com-
parisons between cancer types were not the primary focus of
our analysis, we noted that breast, prostate, and colorectal can-
cers had lower mortality risks compared to lung cancer after
controlling for TTI and other factors. This is in contrast with
prior research demonstrating varying sensitivities to treatment
delays across cancer types, with colon cancer having the most
pronounced mortality association with TTI, while prostate
cancer was least associated [14]. Interestingly, our analysis re-
vealed that localized stage malignancies increased from 48.8%
in the earliest treatment group to 69.6% in the most delayed
group, while distant metastases decreased from 22.2% to 7.6%.
This pattern may partly reflects appropriate clinical prioritiza-
tion, with advanced disease receiving more urgent care. How-
ever, it also raises concerns about the potential impact of delays
on stage migration and disease progression during the waiting
period, a phenomenon that our study was not designed to di-
rectly quantify but our time-varying analysis provided indirect
findings that such progression contributes to worse outcomes.

To clarify the impact of stage dynamics, we specified
stage of cancer as time-varying covariates in our extended Cox
model. At baseline, distant metastases conferred the greatest
early hazard, whereas localized and regional disease showed
lower initial risk. Over follow-up, however, these “favorable”
stages experienced rising hazards, suggesting biologic pro-
gression while patients awaited therapy. Conversely, the ap-
parent survival advantage of longer TTI in unadjusted analy-
ses largely disappeared once stage evolution was accounted
for, reinforcing that delays may permit up-staging rather than
merely reflecting case-mix. Taken together, these findings ar-
gue for diagnostic pathways that complete essential staging
rapidly so that definitive treatment can begin before tumor
burden increases.

Treatment patterns varied significantly with TTI, with re-
duced utilization of chemotherapy and surgery in patients with
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Table 3. Cox Proportional Hazard Model Accounting for Time-Varying Covariates

Variable HR (95 % CI) SE P
TTI (months)
0-1 Ref - -
2-5 0.90 (0.88 - 0.92) 0.01 <0.001
6-9 0.78 (0.72 - 0.85) 0.03 <0.001
>10 0.52 (0.45-0.61) 0.04 <0.001
Age
<65 Ref - -
>65 1.06 (1.05 - 1.08) 0.01 <0.001
Sex
Female Ref - -
Male 1.08 (1.07 - 1.09) 0.01 <0.001
Race
Non-Hispanic White Ref - -
Non-Hispanic unknown 0.97 (0.84 - 1.11) 0.07 0.633
Non-Hispanic Black 1.03 (1.02 - 1.05) 0.01 <0.001
Non-Hispanic Asian/Pacific Islander 0.94 (0.92 - 0.96) 0.01 <0.001
Non-Hispanic American Indian/Alaska Native 0.98 (0.92 - 1.04) 0.03 0.429
Hispanic (all) 0.99 (0.97 - 1.01) 0.01 0.23
Region
Non-metropolitan Ref - -
Metropolitan 0.93 (0.92 - 0.95) 0.01 <0.001
Marital status
Married Ref - -
Separated 1.04 (1.03 - 1.06) 0.01 <0.001
Single/unmarried/unknown/widowed 1.06 (1.05 - 1.08) 0.01 <0.001
Income (USD)
<35k Ref - -
35-39k 0.95(0.91 - 1.01) 0.03 0.083
40-44k 1.00 (0.95 - 1.05) 0.02 0.999
45-49k 0.99 (0.95 - 1.04) 0.02 0.711
50-54k 0.99 (0.95 - 1.04) 0.02 0.814
55-59k 1.02 (0.98 - 1.07) 0.02 0.323
60 - 64 k 0.97 (0.93 - 1.02) 0.02 0.213
65 - 69 k 0.93 (0.89 - 0.98) 0.02 0.003
70 - 74k 1.08 (1.03 - 1.13) 0.03 0.001
>75k 1.04 (0.99 - 1.09) 0.02 0.102
Unknown/missing 0.30 (0.08 - 1.21) 0.21 0.09
Cancer site
Lung Ref - -
Breast 0.81 (0.80 - 0.83) 0.01 <0.001
Prostate 0.67 (0.66 - 0.69) 0.01 <0.001
Colon 0.95 (0.94 - 0.97) 0.01 <0.001
Tumor grade
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Table 3. Cox Proportional Hazard Model Accounting for Time-Varying Covariates - (continued)

Variable HR (95 % CI) SE P
Well-differentiated Ref - -
Moderately differentiated 0.36 (0.35-0.37) 0.01 <0.001
Poorly differentiated 0.52 (0.50 - 0.53) 0.01 <0.001
Anaplastic 0.84 (0.77-0.91) 0.04 <0.001

Stage
In situ Ref - -
Localized 0.44 (0.03 - 6.08) 0.59 0.538
Regional 0.67 (0.05 - 9.23) 0.89 0.761
Distant 0.98 (0.07 - 13.62) 1.32 0.989
Unknown/unstaged 0.58 (0.04 - 8.11) 0.78 0.688

Radiation
No Ref - -

Yes 1.00 (0.94 - 1.07) 0.03 0.969

Chemotherapy
No Ref - -

Yes 0.91 (0.89 - 0.93) 0.01 <0.001

Surgery
No Ref - -

Yes 0.84 (0.83 - 0.85) 0.01 <0.001

Time-varying covariates
Stage (time-varying)

In situ Ref - -

Localized 0.85(0.10 - 7.32) 0.94 0.885

Regional 0.77 (0.09 - 6.62) 0.85 0.813

Distant 0.70 (0.08 - 6.04) 0.77 0.75

Unknown/unstaged 0.82 (0.10 - 7.05) 0.9 0.858
Grade (time-varying)

Well-differentiated Ref - -

Moderately differentiated 1.31 (1.30 - 1.33) 0.01 <0.001

Poorly differentiated 1.22 (1.20 - 1.23) 0.01 <0.001

Anaplastic 1.03 (0.99 - 1.08) 0.02 0.109
Chemotherapy (time-varying)

No Ref - -

Yes 1.03 (1.02 - 1.04) 0.01 <0.001
Radiation (time-varying)

No Ref - -

Yes 0.97 (0.95 - 1.00) 0.01 0.039
TTI (months, time-varying)

0-1 Ref - -

2-5 1.02 (1.01 - 1.03) 0.01 <0.001

6-9 1.08 (1.04 - 1.12) 0.02 <0.001

>10 1.23 (1.16 - 1.31) 0.04 <0.001

CI: confidence interval; HR: hazard ratio; Ref: reference; SE: standard error; TTI: time-to-treatment initiation.
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longer delays. This may reflect both appropriate clinical deci-
sion-making and concerning barriers to comprehensive can-
cer care. The consistently high utilization of radiation therapy
across all TTI intervals (approximately 97%) is noteworthy
and merits further study to understand the factors supporting
this consistency versus the variability observed in other treat-
ment modalities.

The negative impact of treatment delays is particularly
pronounced in early-stage cancers where curative-intent ther-
apy offers the greatest potential benefit. For example, in stage
I breast cancer, treatment delays > 6 months were associated
with a 23% increased mortality risk compared to immediate
treatment [15]. This increased sensitivity in early-stage disease
aligns with findings from a comprehensive systematic review
showing shorter TTI significantly improves survival outcomes
across multiple cancer types [14]. The relationship between di-
agnostic delays and outcomes is particularly evident in symp-
tomatic presentations. A systematic review of 209 studies en-
compassing 177 articles found consistent associations between
shorter time-to-diagnosis and improved survival for breast,
colorectal, head and neck, testicular cancers, and melanoma
[16]. This review highlighted that each month of delay in sur-
gical treatment correlated with 6-8% increased mortality risk,
while delays in radiotherapy and systemic therapies showed
even greater impacts (9-13% increased risk per month).

Limitations

Several limitations warrant consideration when interpreting
our findings. First, the retrospective nature of this study using
the SEER database introduces potential confounding biases.
While we adjusted for numerous covariates, unmeasured, re-
sidual confounding remains possible, particularly regarding
factors influencing treatment decisions that are not captured
in administrative databases. Second, our definition of TTI as
time from diagnosis to first treatment does not account for po-
tential delays in diagnosis following symptom onset or screen-
ing abnormalities. The total cancer care continuum includes
multiple time points, and our study addresses only one seg-
ment of potential delays. Additionally, data including patients’
comorbidities, the type and size of the hospital as well as dis-
tance to the treatment center were not available in this study.
Future research should evaluate the entire care continuum to
identify additional opportunities for intervention. Third, while
we examined all-cause mortality, we were unable to assess
cancer-specific mortality or quality of life outcomes. Treat-
ment delays may impact these endpoints differently, and future
prospective studies incorporating these measures would pro-
vide a more comprehensive understanding of the consequenc-
es of delayed care. Fourth, our analysis focused on four com-
mon cancer types and may not generalize to all malignancies.
Cancer-specific biological factors may influence the impact of
treatment delays, and further research examining additional
cancer types is warranted. Fifth, we did not study laboratory or
imaging findings which may carry prognostic value, and this
represents a potential avenue for future research. Finally, our
study population was derived from the United States and may
not be generalized to other regions of the world.

Conclusion

In conclusion, our study of TTI across four common cancer
types reveals a significant association between treatment de-
lays and increased mortality risk, even after adjusting for soci-
odemographic factors, cancer stage, and treatment modalities.
Our findings highlight persistent disparities in TTI and mor-
tality among different demographic groups, emphasizing the
need to address systemic barriers to timely care. The impact of
delays appears particularly pronounced in early-stage cancers,
highlighting the importance of prompt intervention when cura-
tive treatment is most effective. While this research provides
valuable insights into the relationship between TTI and cancer
outcomes, it also identifies areas requiring further investiga-
tion, including the entire continuum of cancer care delays,
cancer-specific and patient-reported outcomes. Ultimately,
prioritizing equitable access to timely cancer care is crucial for
improving survival outcomes and reducing healthcare dispari-
ties among these vulnerable populations.
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