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A B S T R A C T   

Background: Understanding the effects of a delayed time-to-treatment initiation(TTI) for non- 
small cell lung cancer (NSCLC) is vital. 
Methods: We analyzed NSCLC data from the Surveillance, Epidemiology, and End Results data
base, focusing on lung adenocarcinoma (LUAD) and lung squamous carcinoma (LUSC). TTI was 
studied as both continuous and dichotomous variables. Restricted cubic splines were employed to 
identify potential nonlinear dependency between the hazard ratio (HR) and TTI. Propensity score 
matching was used to ensure a balanced patient allocation, and then survival differences between 
groups were assessed using Kaplan-Meier analysis and competing risk models. We used overall 
survival (OS) as the primary outcome and cancer-specific cumulative mortality (CSCM) as a 
complementary indicator. Finally, sensitivity analyses were performed on censored data. 
Results: A total of 80,020 with NSCLC were analyzed. TTI was assessed as a continuous variable, 
showing a noticeable increase in the HR for stage I to II NSCLC with TTI >1 month. Conversely, 
the trend for stage III to IV NSCLC was the opposite. In stage I LUAD, the ’early’ group 
demonstrated a higher OS compared to the ’delayed’ group (Log-rank P = 0.002), while there was 
no significant difference in CSCM (Fine-gray P = 0.321). In stage I LUSC, there was no significant 
difference in OS(Log-rank P = 0.260), but the ’early’ group had a lower CSCM (Fine-gray P =
0.018). For stage II-IV NSCLC, the ’delayed’ group did not exhibit a negative impact on OS or 
CSCM. The sensitivity analysis further supported the results of the main analysis. 
Conclusion: Prolongation of TTI ≥31 days has a negative impact on OS or CSCM in stage I NSCLC 
only. Further exploration and validation are needed to determine whether these results can be 
used as evidence for a ’safe’ TTI threshold setting for future NSCLC.   

1. Introduction 

Lung cancer is a global public health problems and the main cause of cancer deaths in the United States. By 2023, 127,070, or 21%, 
of all cancer deaths in the United States are expected to be due to lung cancer [1]. Non-small cell lung cancer (NSCLC) is the leading 
type of lung cancer, accounting for approximately 85% of all cases. The most common histological subtypes are lung adenocarcinoma 
(LUAD) and lung squamous carcinoma (LUSC) [2]. NSCLC treatment has become increasingly sophisticated, with choices such as 
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surgery, radiation, chemotherapy, targeted therapy, immunotherapy, palliative care, or any combination of these. However, because 
of the complexities of therapy alternatives, the time-to-treatment decision (or Time-to-treatment initiation, TTI) is frequently pro
longed, despite the fact that timeliness is one of the fundamental goals of healthcare delivery [3,4]. 

Considerable heterogeneity exists among studies on the impact of prolonged TTI on survival in patients with NSCLC. Some studies 
have reported a positive correlation between shorter TTI and higher survival rates [5–8], whereas others have found no correlation [9, 
10] or even a negative association between prolonged TTI and survival [11,12]. However, these studies may have limitations in 
controlling for confounding factors related to the histologic and clinical staging of NSCLC. Specifically, most studies have overlooked 
the single primary of NSCLC and employed the sixth or seventh edition(American Joint Committee on Cancer, AJCC) of the TNM 
staging system for assessing the disease stage, without AJCC eighth edition. Hence, these findings should be interpreted with caution. 
As the causes of TTI prolongation are complex, previous studies have primarily used overall survival (OS) as an indicator to assess the 
prognostic impact. However, this approach may not provide a comprehensive evaluation of the risk of cancer-related death when 
multiple competing events are present. Therefore, cancer-specific cumulative mortality (CSCM) is a suitable complementary indicator. 
Furthermore, previous studies have primarily focused on determining the ’safe’ TTI interval for patients with early-stage NSCLC and 
evaluating specific management options such as surgery. However, limited attention has been given to the impact of TTI prolongation 
on full-stage NSCLC [7,10,13,14]. 

Given the varied response of different histological subtypes of NSCLC to treatment and prognosis [15], it is crucial to analyze 
full-stage NSCLC in multiple categories and determine the appropriate TTI range for each subtype. In this study, we utilized the 
Surveillance, Epidemiology, and End Results (SEER) database to investigate the impact of TTI prolongation on patient survival in stage 
I to IV single primary NSCLC with selected histological subtypes. Our study focused on overall survival (OS) with CSCM as comple
mentary evaluation indicators. 

Fig. 1. The patients’ selection process. aICD-O-3：C33.9， C34.0， C34.1， C34.2，C34.3， C34.8， C34.9;bSequence number: ’One primary only 
in the patient’s lifetime’;cExcluding CS TUMOR SIZE (2004–2015)： ’code = 990–999’ in AJCC 7th T2a/2NOSN0M0 and T2NOSN1M0. 
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2. Patients and methods 

2.1. Data source 

The data for this retrospective observational analysis were taken from the SEER database and focused on individuals with NSCLC. 
SEER*Stat 8.4.0.1 (IMS Inc., Calverton, MD, USA) was used to access the SEER (2000–2019) dataset, which provides trustworthy 

Table 1 
Baseline characteristics of patients with lung adenocarcinoma (LUAD).  

Patient Characteristic Subgroup No. (%) of patients or median (range) 

Stagea I 
（n = 12216） 

Stage II 
（n = 3047） 

Stage III 
（n = 11405） 

Stage IV 
（n = 27132） 

Age, mean (SD), y – 67.5 (9.61) 67.3 (9.96) 65.9 (10.1) 64.3 (10.4) 
Treatment Delays(mb) – 1 (0–6) 1 (0–6) 1 (0–6) 1 (0–6) 
Survival Months(mb) – 61 (0–119) 49 ( 0–119) 25 (0–119) 8 (0–119) 
Sex Female 7341 (60.1) 1638 (53.8) 5878 (51.5) 13315 (49.1) 

Male 4875 (39.9) 1409 (46.2) 5527 (48.5) 13817 (50.9) 
Race White 9914 (81.2) 2410 (79.1) 8929 (78.3) 20524 (75.6) 

Black 1095 (9.0) 340 (11.2) 1438 (12.6) 3361 (12.4) 
otherc 1162 (9.5) 291 (9.6) 1014 (8.9) 3219 (11.9) 
Unknown 45 (0.4) 6 (0.2) 24 (0.2) 28 (0.1) 

Primary Site C34.0 19 (0.2) 25 (0.8) 275 (2.4) 1059 (3.9) 
C34.1 7563 (61.9) 1729 (56.7) 6842 (60.0) 14379 (53.0) 
C34.2 661 (5.4) 163 (5.3) 543 (4.8) 1217 (4.5) 
C34.3 3810 (31.2) 1052 (34.5) 3007 (26.4) 6930 (25.5) 
other 163 (1.3) 78 (2.6) 738 (6.5) 3547 (13.1) 

Grade I 3140 (25.7) 337 (11.1) 826 (7.2) 830 (3.1) 
II 5086 (41.6) 1189 (39.0) 2700 (23.7) 3399 (12.5) 
III 2330 (19.1) 1050 (34.5) 3893 (34.1) 6617 (24.4) 
IV 42 (0.3) 29 (1.0) 76 (0.7) 143 (0.5) 
Unknown 1618 (13.2) 442 (14.5) 3910 (34.3) 16143 (59.5) 

Laterality Left 4835 (39.6) 1258 (41.3) 4265 (37.4) 10599 (39.1) 
Right 7380 (60.4) 1786 (58.6) 7102 (62.3) 15575 (57.4) 
other 1 (0.0) 3 (0.1) 38 (0.3) 958 (3.5) 

T Stage T1 8569 (70.1) 684 (22.4) 1709 (15.0) 3500 (12.9) 
T2 3647 (29.9) 2363 (77.6) 3061 (26.8) 7329 (27.0) 
T3 0 (0.0) 0 (0.0) 3894 (34.1) 6959 (25.6) 
T4 0 (0.0) 0 (0.0) 2741 (24.0) 9344 (34.4) 

N Stage N0 12216 (100.0) 1448 (47.5) 2709 (23.8) 6158 (22.7) 
N1 0 (0.0) 1599 (52.5) 1043 (9.1) 2184 (8.0) 
N2 0 (0.0) 0 (0.0) 5994 (52.6) 12264 (45.2) 
N3 0 (0.0) 0 (0.0) 1659 (14.5) 6526 (24.1) 

M Stage M0 12216 (100.0) 3047 (100.0) 11405 (100.0) 0 (0.0) 
M1 0 (0.0) 0 (0.0) 0 (0.0) 27132 (100.0) 

Surgery Performed 10240 (83.8) 2408 (79.0) 4606 (40.4) 1445 (5.3) 
None/Unknown 1976 (16.2) 639 (21.0) 6799 (59.6) 25687 (94.7) 

Radiation Performed 2087 (17.1) 718 (23.6) 6780 (59.4) 15590 (57.5) 
None/Unknown 10129 (82.9) 2329 (76.4) 4625 (40.6) 11542 (42.5) 

Chemotherapy Performed 802 (6.6) 1576 (51.7) 8757 (76.8) 20773 (76.6) 
None/Unknown 11414 (93.4) 1471 (48.3) 2648 (23.2) 6359 (23.4) 

Marital Statusd Single 4998 (40.9) 1246 (40.9) 1645 (14.4) 4351 (16.0) 
Married 6622 (54.2) 1677 (55.0) 9288 (81.4) 21713 (80.0) 
Unknown 596 (4.9) 124 (4.1) 472 (4.1) 1068 (3.9) 

Incomee 35 k- 252 (2.1) 66 (2.2) 277 (2.4) 623 (2.3) 
35 k to 55 k 2822 (23.1) 806 (26.5) 3034 (26.6) 7161 (26.4) 
55 k to 75 k 5607 (45.9) 1367 (44.9) 5037 (44.2) 11836 (43.6) 
75 k+ 3535 (28.9) 808 (26.5) 3056 (26.8) 7511 (27.7) 
Unknown 0 (0.0) 0 (0.0) 1 (0.0) 1 (0.0) 

Countyf Metropolitan 10753 (88.0) 2646 (86.8) 9778 (85.7) 23324 (86.0) 
Not Metropolitan 1453 (11.9) 401 (13.2) 1613 (14.1) 3782 (13.9) 
Unknown 10 (0.1) 0 (0.0) 14 (0.1) 26 (0.1)  

a Stage: 8th edition of AJCC. 
b Median values. 
c other defined as the Asian/Pacific Islanders and American Indians/Alaska Natives. 
d Patient’s marital status at the time of diagnosis for the reportable tumor (with ’married’ including those who are divorced, separated, or widowed, 

and ’single’ including those who are unmarried or in domestic partnerships). 
e Median household income inflation adjusted to 2019 (median household income was categorized as < $35,000, $35,000-$54,999, $55,000- 

$74,999, and ≥ $75,000). 
f County of residence at diagnosis. 

J. Teng et al.                                                                                                                                                                                                            



Heliyon 9 (2023) e19750

4

information on cancer diagnosis and treatment from 17 population-based cancer registries. Due to the absence of individually iden
tifiable information in the SEER database and the data’s public availability, our study was exempt from the need for ethical approval. 

2.2. Study population 

This study focused on patients diagnosed with a single primary NSCLC, precisely stage I to IV LUAD and LUSC, using pathology 

Table 2 
Baseline characteristics of patients with LUSC.  

Patient Characteristic Subgroup No. (%) of patients or median (range) 

Stagea I 
（n = 5012） 

Stage II 
（n = 2437） 

Stage III 
（n = 10270） 

Stage IV 
（n = 8501） 

Age, mean (SD), y – 70.3 (8.16) 68.8 (8.99) 67.5 (9.16) 66.8 (9.41) 
Treatment Delays(mb) – 1 (0–6) 1 (0–6) 1 (0–6) 1 (0–6) 
Survival Months(mb) – 49 (0–119) 32 (0–119) 15 (0–119) 6 (0–118) 
Sex Female 2273 (45.4) 875 (35.9) 3526 (34.3) 2852 (33.5) 

Male 2739 (54.6) 1562 (64.1) 6744 (65.7) 5649 (66.5) 
Race White 4414 (88.1) 2117 (86.9) 8480 (82.6) 6848 (80.6) 

Black 381 (7.6) 215 (8.8) 1167 (11.4) 1113 (13.1) 
otherc 207 (4.1) 103 (4.2) 611 (5.9) 531 (6.2) 
Unknown 10 (0.2) 2 (0.1) 12 (0.1) 9 (0.1) 

Primary Site C34.0 46 (0.9) 87 (3.6) 817 (8.0) 725 (8.5) 
C34.1 3089 (61.6) 1309 (53.7) 5839 (56.9) 4342 (51.1) 
C34.2 212 (4.2) 91 (3.7) 349 (3.4) 287 (3.4) 
C34.3 1583 (31.6) 875 (35.9) 2647 (25.8) 2283 (26.9) 
other 82 (1.6) 75 (3.1) 618 (6.0) 864 (10.2) 

Grade I 164 (3.3) 61 (2.5) 202 (2.0) 106 (1.2) 
II 2084 (41.6) 881 (36.2) 2775 (27.0) 1613 (19.0) 
III 1899 (37.9) 1010 (41.4) 3644 (35.5) 2791 (32.8) 
IV 27 (0.5) 17 (0.7) 57 (0.6) 48 (0.6) 
Unknown 838 (16.7) 468 (19.2) 3592 (35.0) 3943 (46.4) 

Laterality Left 2201 (43.9) 1102 (45.2) 4288 (41.8) 3611 (42.5) 
Right 2811 (56.1) 1331 (54.6) 5916 (57.6) 4636 (54.5) 
other 0 (0.0) 4 (0.2) 66 (0.6) 254 (3.0) 

T Stage T1 3223 (64.3) 254 (10.4) 604 (5.9) 501 (5.9) 
T2 1789 (35.7) 2183 (89.6) 2574 (25.1) 2233 (26.3) 
T3 0 (0.0) 0 (0.0) 4028 (39.2) 2408 (28.3) 
T4 0 (0.0) 0 (0.0) 3064 (29.8) 3359 (39.5) 

N Stage N0 5012 (100.0) 1578 (64.8) 2508 (24.4) 1716 (20.2) 
N1 0 (0.0) 859 (35.2) 1217 (11.9) 756 (8.9) 
N2 0 (0.0) 0 (0.0) 5300 (51.6) 4126 (48.5) 
N3 0 (0.0) 0 (0.0) 1245 (12.1) 1903 (22.4) 

M Stage M0 5012 (100.0) 2437 (100.0) 10270 (100.0) 0 (0.0) 
M1 0 (0.0) 0 (0.0) 0 (0.0) 8501 (100.0) 

Surgery Performed 3428 (68.4) 1473 (60.4) 2457 (23.9) 377 (4.4) 
None/Unknown 1584 (31.6) 964 (39.6) 7813 (76.1) 8124 (95.6) 

Radiation Performed 1664 (33.2) 988 (40.5) 7603 (74.0) 5609 (66.0) 
None/Unknown 3348 (66.8) 1449 (59.5) 2667 (26.0) 2892 (34.0) 

Chemotherapy Performed 429 (8.6) 1126 (46.2) 7641 (74.4) 5924 (69.7) 
None/Unknown 4583 (91.4) 1311 (53.8) 2629 (25.6) 2577 (30.3) 

Marital Statusd Single 578 (11.5) 335 (13.7) 1443 (14.1) 1364 (16.0) 
Married 4210 (84.0) 2017 (82.8) 8393 (81.7) 6795 (79.9) 
Unknown 224 (4.5) 85 (3.5) 434 (4.2) 342 (4.0) 

Incomee 35 k- 202 (4.0) 118 (4.8) 416 (4.1) 350 (4.1) 
35 k to 55 k 1638 (32.7) 774 (31.8) 3477 (33.9) 3038 (35.7) 
55 k to 75 k 2136 (42.6) 1040 (42.7) 4182 (40.7) 3451 (40.6) 
75 k+ 1035 (20.7) 504 (20.7) 2195 (21.4) 1662 (19.6) 
Unknown 1 (0.0) 1 (0.0) 0 (0.0) 0 (0.0) 

Countyf Metropolitan 4065 (81.1) 1943 (79.7) 8256 (80.4) 6741 (79.3) 
Not Metropolitan 937 (18.7) 485 (19.9) 1990 (19.4) 1738 (20.4) 
Unknown 10 (0.2) 9 (0.4) 24 (0.2) 22 (0.3)  

a Stage: 8th edition of AJCC. 
b Median values. 
c other defined as the Asian/Pacific Islanders and American Indians/Alaska Natives. 
d Patient’s marital status at the time of diagnosis for the reportable tumor (with ’married’ including those who are divorced, separated, or widowed, 

and ’single’ including those who are unmarried or in domestic partnerships). 
e Median household income inflation adjusted to 2019 (median household income was categorized as < $35,000, $35,000-$54,999, $55,000- 

$74,999, and ≥ $75,000). 
f County of residence at diagnosis. 
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codes from the International Classification of Diseases for Oncology, Third Revision (ICD-O-3) between 2010 and 2015 (Table S1). We 
excluded patients younger than 18 or older than 84 years, those with a diagnosis of ’not available’ (NA), T0, TX, or NX due to un
certainty about the primary tumor site, size, or lymph node metastasis, and those with a TTI exceeding 6 months or unknown TTI [16]. 
Patients whose lung cancer stage was not confirmed based on the eighth edition AJCC criteria were excluded. Fig. 1 provides a visual 
summary of the patient screening process. 

2.3. Data elements 

We collected extensive demographic and clinical information from the SEER database to obtain an all-encompassing compre
hension of the patients. The data retrieved comprised personal details of the patients, such as their patient identification number, age, 
gender, and race, as well as their marital status at the time of diagnosis. Additionally, we gathered data on the median household 
income of the patients [17] and their county of residence. 

Fig. 2. Distribution of TTI for NSCLC and its major tissue subtypes. A Distribution of TTI(0–24 months) for NSCLC, B Distribution of TTI(0–6 
months) for LUAD and LUSC, C Distribution of TTI(0–6 months) for stage I LUAD and stage I LUSC, D Distribution of TTI(0–6 months) for stage II 
LUAD and stage II LUSC, E Distribution of TTI(0–6 months) for stage III LUAD and stage III LUSC, F Distribution of TTI(0–6 months) for stage IV 
LUAD and stage IV LUSC. 
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In this study, we collected seven clinical covariates, namely histologic classification (LUAD and LUSC), differentiation grade (I to IV 
and unknown), primary site (C34.0-C34.3 and unknown), laterality (left lung, right lung, and unknown), TNM stage, NSCLC clinical 
stage (including I to IV) based on AJCC eighth edition, and cancer-related management options (surgery, radiotherapy, and chemo
therapy). We also gathered time-related variables, including TTI and survival time (in months). 

We analyzed TTI as both a continuous and dichotomous variable, with the latter separated into an ’early’ group (TTI = 0 month) 
and a ’delayed’ group (TTI = 2–6 months). We excluded patients with a TTI of 1 month due to how the SEER database calculates TTI, 
which defines months from diagnosis to treatment as ((year of initial treatment start * 12) + month of initial treatment start) - ((year of 
diagnosis * 12) + month of diagnosis). The calculation yields an actual TTI range of 1 month, which spans ’1–59 days’. We opted to use 
a dichotomous variable to better distinguish between the ’early’ group (TTI = 0 month or 0–29 days) and the ’delayed’ group (TTI =
2–6 months or 31–179 days) (Table S2), although this method resulted in some missing data(TTI = 1 month). 

The primary outcome metric for this study was OS, and the secondary metrics were CSCM, with a final follow-up date of December 
31, 2019. 

2.4. Statistical analysis 

We employed restricted cubic spline(RCS) curves with three or four degrees of freedom to model TTI as a continuous variable to 
avoid overfitting and underfitting. We selected RCS due to their versatility and ability to capture potential nonlinear relationships. 

Fig. 3. Restricted cubic spline curve functions for TTI in LUAD and LUSC. A stage I LUAD,B stage I LUSC, C stage II LUAD, D stage II LUSC, E stage 
III LUAD,F stage III LUSC, G stage IV LUAD,H stage IV LUSC. 
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To assess the impact of treatment delay, we separated patients into two cohorts (an ’early’ group and a ’delayed’ group) based on 
their TTI. To minimize possible biases, we conducted a propensity score matching (PSM) analysis using a 1:1 ratio while accounting for 
various confounding factors, including age, gender, race, primary site, tumor grade, advanced stage, T stage, N stage (where appli
cable), and management options such as surgery, radiotherapy, chemotherapy, as well as marital status at diagnosis, median 
household income, and county of residence. Our nearest-neighbor matching algorithm is greedy without replacement, and the pro
pensity scores have been calibrated with a fixed threshold of 0.01. We assessed the balance of the matches using p-values and the 
standardized mean differences (SMD) technique. Subsequently, Kaplan-Meier and a log-rank test were used to compare the OS and 
cancer-specific survival (CSS) of the matched ’early’ and ’delayed’ groups. Lastly, we addressed competing risk bias in the matched 
group by implementing a competing risk model and fine-gray test. 

To investigate the impact of censored data on the findings of this study, a comparative analysis was performed between the ’early’ 
group and the ’censored’ group(TTI = 1 month). 

We performed subgroup analyses by stratifying the data according to the histological subtype, and stage of NSCLC. Statistical 
analyses and graphical representations were performed using R-studio version 2022.12.0 + 353 (https://posit.co/downloads/) of 
R4.2.2 (http://www.r-project.org/). The following packages were utilized for the study: "survminer", "rms", "ggplot2″, "cmprsk", 
"MatchIt", "tableone", "survival", and "Magrittr". 

3. Results 

A total of 80,020 patients with stage I to IV single primary NSCLC met the inclusion criteria for the study, of which 53,800 had 
LUAD and 26,220 had LUSC (Fig. 1). Tables 1 and 2 provide detailed baseline characteristics of LUAD and LUSC patients, respectively. 
The population exhibited a right-skewed distribution, with only a few patients having a TTI longer than 6 months (Fig. 2A). The 
median duration of TTI was 1 month for each histologic subtype and clinical stage (Tables 1 and 2, Fig. 2B-F). 

3.1. Restricted cubic splines analysis of treatment delay and prognosis 

To investigate the association between TTI and prognosis, we employed the RCS model to illustrate this connection flexibly. We 
identified trends in the data using a median TTI of 1 month as a reference point. Our results demonstrated that the hazard ratio (HR) 
continuously rose with a prolonged TTI for individuals with stage I to II LUAD and LUSC(Fig. 3A-D). For patients with stage III to IV 
LUAD and LUSC, however, the HR steadily dropped with a prolonged TTI (Fig. 3E-H). 

3.2. Kaplan-Meier for propensity score-matched analysis 

We conducted a PSM analysis to compare the OS and CSS of patients who received ’early’ versus ’delayed’ treatment. Tables S3–S6 
present the baseline characteristics of patients in the LUAD and LUSC cohorts after matching. After the matching process, we observed 

Table 3 
Kaplan-Meier OS and CSS for LUAD subgroup PSM analysis.  

Cancer OS CSS 

Early Delayed  Early Delayed  

Survival (95% CIb) Survival (95% CI) Log-rank P value Survival (95% CI) Survival (95% CI) Log-rank P value 

Stagea I N = 3043 N = 3043 0.002 N = 3043 N = 3043 0.210 
1-year(%) 92.2 (93.1,91.2) 93.6 (94.5,92.7)  95.0 (95.8,94.3) 96.8 (97.5,96.2)  
3-year(%) 81.3 (82.7,79.9) 80.0 (81.4,78.6)  87.5 (88.8,86.3) 87.8 (89.0,86.6)  
5-year(%) 71.5 (73.2,69.9) 69.0 (70.7,67.3)  81.6 (83.0,80.1) 81.0 (82.5,79.6)  
MSTc(mo) N/A(N/A,N/A) 110 (101,N/A)  N/A(N/A,N/A) N/A(N/A,N/A)  
Stage II N = 676 N = 676 0.340 N = 676 N = 676 0.740 
1-year(%) 83.8 (86.7,81.1) 87.4 (90.0,85.0)  87.0 (89.6,84.4) 90.2 (92.5,88.0)  
3-year(%) 61.5 (65.3,58.0) 61.3 (65.1,57.7)  67.4 (71.1,63.9) 67.9 (71.6,64.4)  
5-year(%) 50.6 (54.6,47.0) 47.4 (51.4,43.7)  57.6 (61.6,53.8) 56.2 (60.3,52.4)  
MST(mo) 63 (51,75) 54 (47,65)  97 (78,N/A) 76 (69,N/A)  
Stage III N = 2926 N = 2926 0.046 N = 2926 N = 2926 0.002 
1-year(%) 66.4 (68.2,64.7) 74.4 (76.0,72.9)  69.5 (71.2,67.8) 77.1 (78.7,75.6)  
3-year(%) 39.6 (41.5,37.9) 40.8 (42.6,39.0)  43.8 (45.7,41.9) 46.0 (47.9,44.2)  
5-year(%) 27.9 (29.6,26.3) 27.1 (28.8,25.5)  32.6 (34.5,30.9) 33.1 (35.0,31.3)  
MST(mo) 24 (22,26) 27 (26,29)  28 (26,30) 32 (30,35)  
Stage IV N = 4789 N = 4789 ＜0.0001 N = 4789 N = 4789 ＜0.0001 
1-year(%) 34.9 (36.3,33.6) 48.1 (49.6,46.7)  36.7 (38.2,35.4) 50.3 (51.8,48.9)  
3-year(%) 12.2 (13.1,11.3) 16.6 (17.7,15.6)  13.6 (14.6,12.6) 18.9 (20.1,17.8)  
5-year(%) 6.0 (6.7,5.3) 8.2 (9.1,7.5)  7.1 (8.0,6.4) 10.0 (10.9,9.1)  
MST(mo) 7 (7,8) 12 (11,12)  8 (7,8) 13 (12,13)   

a Stage: 8th edition of AJCC. 
b CI indicates confidence interval. 
c MST: Median survival time(month). 
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that the between-group P-values for all variables were more significant than 0.05, and the SMDs were less than 0.1, indicating a well- 
balanced sample. Tables 3and4 provide a summary of the Kaplan-Meier OS and CSS estimates at 1, 3, and 5 years, as well as the median 
survival time (in months) for each NSCLC stage in the ’early’ and ’delayed’ groups for the LUAD and LUSC cohorts. 

The results showed that in stage I LUAD, the ’early’ group had a higher OS compared with the ’delayed’ group (Log-rank P = 0.002) 
(Fig. 4A), but there was no significant difference in CSS between the two groups(Log-rank P = 0.210). In stage II LUAD, there was no 
significant difference in OS and CSS between the ’early’ and ’delayed’ groups(Log-rank P = 0.340, P = 0.740). In stage III LUAD, the 
’early’ group had lower OS and CSS compared to the ’delayed’ group (Log-rank P = 0.046, P = 0.002). In stage IV LUAD, the ’early’ 
group had lower OS and CSS compared to the ’delayed’ group (Log-rank P < 0.0001 for each). 

In stage I LUSC, there was no significant difference in OS (Log-rank P = 0. 260) (Fig. 5A),however, the ’early’ group had a higher 
CSS compared with the ’delayed’ group (Log-rank P = 0.032). In stage II LUSC, there was no significant difference in OS (Log-rank P =
0. 350) (Fig. 5C),however, the ’early’ group had a lower CSS compared with the ’delayed’ group (Log-rank P = 0.042). In patients with 
stage III to IV LUSC, the ’early’ group had lower OS and CSS compared with the ’delayed’ group (Log-rank P < 0.0001 for each) 
(Fig. 5E,G). 

3.3. Propensity score-matched analysis of competing risk model 

In stages I to II of LUAD, CSCM did not differ significantly between the ’delayed’ and the ’early’ groups (Fine-gray P = 0.321, P =
0.785) (Fig. 4B, D). In contrast, in stage III to IV LUAD, the ’early’ group showed a higher CSCM compared to the ’delayed’ group(Fine- 
gray P = 0.001, P＜0.001) (Fig. 4F,H). For stage I LUSC, the CSCM was lower in the ’early’ group (Fine-gray P = 0.018) (Fig. 5B). 
However, for stages II to IV of LUSC, the ’early’ group showed a higher CSCM (Fine-gray P = 0.038, P < 0.001, P < 0.001) (Fig. 5D, F, 
and H). 

3.4. Sensitivity analysis 

In Table S7, we present the baseline characteristics of patients in the ’censored’ group. We also conducted sensitivity analyses by 
repeating the previous analysis steps between the ’early’ and ’censored’ groups. Tables S8–S11 display the baseline characteristics of 
patients in the LUAD and LUSC cohorts in the matched ’early’ and ’censored’ groups. Tables S12–S13 and Figures S1 to S2 show the 
results of the sensitivity analysis. The study found that there was no significant difference in OS between the ’early’ and ’censored’ 
groups in stage I to II NSCLC (Log-rank P = 0.099). However, in stage I LUAD, the ’early’ group had a higher CSCM (Fine-gray P =
0.032). In stage III to IV NSCLC, the ’early’ and ’censored’ groups exhibited similar differences in OS and CSCM as the ’early’ and 
’delayed’ groups. 

Table 4 
Kaplan-Meier OS and CSS for LUSC subgroup PSM analysis.  

Cancer OS CSS 

Early Delayed  Early Delayed  

Survival (95% CIb) Survival (95% CI) Log-rank P value Survival (95% CI) Survival (95% CI) Log-rank P value 

Stagea I N = 1208 N = 1208 0.260 N = 1208 N = 1208 0.032 
1-year(%) 84.1 (86.2,82.0) 86.6 (88.5,84.7)  91.1 (92.8,89.5) 91.6 (93.2,90)  
3-year(%) 65.1 (67.9,62.5) 65.3 (68.0,62.6)  79.7 (82.1,77.3) 78.4 (80.9,76)  
5-year(%) 53.0 (55.9,50.2) 50.9 (53.8,48.1)  73.0 (75.8,70.3) 69.3 (72.2,66.5)  
MSTc(mo) 67 (61,78) 62 (57,69)  N/A (N/A,N/A) N/A (N/A,N/A)  
Stage II N = 463 N = 463 0.350 N = 463 N = 463 0.042 
1-year(%) 72.7 (76.9,68.8) 79.6 (83.3,76.0)  78.0 (82.0,74.3) 85.8 (89.1,82.6)  
3-year(%) 49.7 (54.5,45.3) 52.7 (57.5,48.3)  58.0 (62.9,53.5) 63.2 (68.0,58.7)  
5-year(%) 38.8 (43.5,34.5) 40.0 (44.8,35.7)  49.9 (55.0,45.2) 54.2 (59.5,49.5)  
MST(mo) 36 (29,43) 43 (35,50)  59 (43,102) 91 (59,N/A)  
Stage III N = 2383 N = 2383 ＜0.0001 N = 2383 N = 2383 ＜0.0001 
1-year(%) 48.2 (50.3,46.3) 62.4 (64.4,60.5)  51.8 (53.9,49.8) 66.5 (68.5,64.6)  
3-year(%) 22.3 (24.1,20.7) 28.1 (30.0,26.4)  26.5 (28.4,24.7) 33.7 (35.8,31.8)  
5-year(%) 15.0 (16.6,13.7) 19.0 (20.7,17.5)  19.7 (21.5,18.1) 25.8 (27.8,24.0)  
MST(mo) 12 (11,13) 18 (17,19)  14 (12,15) 20 (19,21)  
Stage IV N = 1744 N = 1744 ＜0.0001 N = 1744 N = 1744 ＜0.0001 
1-year(%) 20.2 (22.2,18.4) 36.2 (38.5,34)  21.9 (24,20) 38.8 (41.2,36.5)  
3-year(%) 4.4 (5.5,3.5) 8.5 (9.9,7.3)  5.6 (6.9,4.6) 10.6 (12.3,9.2)  
5-year(%) 2.7 (3.6,2.0) 4.4 (5.5,3.5)  4.2 (5.4,3.3) 6.6 (8.1,5.4)  
MST(mo) 5 (4,5) 9 (8,9)  5 (5,5) 9 (9,10)   

a Stage: 8th edition of AJCC. 
b CI indicates confidence interval. 
c MST: Median survival time(month). 
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4. Discussion 

Timeliness of treatment is essential when assessing the quality of care provided to patients. Nevertheless, the influence of prolonged 
TTI on patients with a single primary NSCLC remains ambiguous. We conducted a retrospective study using the SEER database to 
address this issue. This study involved patients diagnosed with stage I to IV LUAD and LUSC. Subgroup analysis was based on his
tological subtype, and clinical stage. The study results indicated that the effect of TTI prolongation varied between subgroups, 
emphasizing the need for considering clinical stage, and histological subtype before delaying treatment. 

Timely management standards for lung cancer have been established by some countries [18–22], but these standards are not well 
supported by evidence and are based mainly on expert consensus. Discrepancies exist between the recommendations and current 

Fig. 4. Kaplan-Meier curves and competing risk models were utilized following adjustment for propensity score in LUAD. A stage I LUAD,B stage I 
LUAD, C stage II LUAD, D stage II LUAD, E stage III LUAD,F stage III LUAD, G stage IV LUAD,H stage IV LUAD. 
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practice. Olsson et al. [23] conducted a systematic review of the timeliness of lung cancer care, summarizing TTI from 49 studies 
published between 1995 and 2007. The median range of TTI was 12.5–52 days. Later, Jacobsen et al. [24]summarized 65 articles on 
lung cancer diagnosis and treatment published between 2007 and 2016 in 21 countries. The median range of TTI in their reports was 
6–45 days. Guirado et al. [25] analyzed 38 articles published between 2010 and 2020 on waiting times for lung cancer diagnosis and 
treatment, and the median range of TTI was 6–121 days. These results suggest that TTIs for lung cancer have not improved in the last 
30 years. However, the results may be even more unfavorable. According to a recent study published in the National Cancer Data Base 
(NCDB), from 33 days in 2010 to 39 days in 2018, the TTI for single primary NSCLC increased by over 15% [26]. 

The American College of Chest Physicians did not provide a ’safe’ threshold for TTI in NSCLC, and only recommends timely and 
efficient care for patients with known or suspected lung cancer (Grade 2C) [27]. A review of United States NSCLC data indicates 

Fig. 5. Kaplan-Meier curves and competing risk models were utilized following adjustment for propensity score in LUSC. A stage I LUSC,B stage I 
LUSC, C stage II LUSC, D stage II LUSC, E stage III LUSC,F stage III LUSC, G stage IV LUSC,H stage IV LUSC. 
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significant heterogeneity among studies regarding the effect of TTI on survival in NSCLC [5–12]. This disparity may be due to several 
reasons. Firstly, patients with NSCLC presenting with acute malignancy, despite receiving prompt treatment, often have a poorer 
prognosis, referred to as ’waiting bias’. Waiting bias typically occurs in advanced or elderly patients [11,12,28]. Secondly, previous 
studies may have inadequately controlled for confounding factors related to NSCLC histology and clinical stage. Finally, TTI endpoints 
have frequently received not considered comprehensively in previous studies, such as limiting initial treatment to specific modalities 
like surgery [7,8,13,16,29]. In our study, we solely focused on single primary NSCLC and used the AJCC eighth edition of the TNM 
staging system to clinically re-stage the data included. This approach allowed us to control for confounding and effect modification in 
clinical staging and histology. We utilized restricted cubic spline analysis, without specifying specific management options as the 
endpoint of TTI, to fully evaluate the potential nonlinear relationship of time-dependent effects. The results indicate that in patients 
with stage I to II NSCLC, HR steadily increased with the prolongation of TTI. In contrast, in patients with stage III to IV NSCLC, TTI 
prolongation was negatively associated with a steady decrease in HR. These trends occurred after a TTI over 1 month (Fig. 3). 

Based on the National Lung Screening Trial and NCDB databases, Mayne et al. [11,13] analyzed the effect of delayed treatment on 
OS in NSCLC in two studies. A study that focused on stage I NSCLC found that a delay of 90–120 days from diagnosis to surgical 
treatment was related to poorer OS in stage I LUAD (T1B-T1CN0M0, T2AN0M0) and stage IB LUSC. The results of the other study, 
which focused on patients with stage III to IV NSCLC, showed that even after sensitivity analysis, a delay of 90–120 days between the 
time of diagnosis and the start of any treatment did not result in significantly worse OS in patients with stage III to IV NSCLC. In 
contrast to previous studies, our study considers the impact of other competing mortality events and incorporates the use of competing 
risk models to provide a more comprehensive assessment of cancer-related mortality risk. The findings indicate that in stage I-II 
NSCLC, the Kaplan-Meier curves demonstrate that the ’delayed’ group only exhibited lower OS in the stage I LUAD subgroup(Log-rank 
P = 0.002), while no significant difference in OS was observed between the ’delayed’ and ’early’ groups in the other subgroups. When 
utilizing competing risks models, the model revealed that the ’delayed’ group had higher CSCM in the stage I LUSC subgroup 
（Fine-gray P = 0.018）, but this association was not observed in the other subgroups. Our findings for stage III to IV NSCLC were 
identical to those of Mayne et al. [11]. Across all subgroups, the ’delayed’ group exhibited higher OS and lower CSCM compared to the 
’early’ group. 

To further investigate the potential impact of censored data (i.e. TTI = 1 month) on the primary analysis results, we conducted a 
sensitivity analysis. This involved repeating the analysis we used between the ’early’ and ’delayed’ groups, but this time comparing the 
’early’ group with the ’censored’ group. Based on the results of the sensitivity analysis and the trend observed in HR when TTI was 
treated as a continuous variable (Fig. 3), we have grounds to conclude that the exclusion of data would not have influenced the 
outcomes of the main analyses. 

We partially explain the presence of protective phenomena due to delayed treatment in patients with advanced NSCLC. Clinical 
staging is not always determinable at the time of the patient’s initial visit, and during delayed treatment, clinical stage may remain 
unchanged or progress. For example, in a study of 21 NSCLC patients scheduled for radical radiotherapy, PET/CT showed that the 
mean tumor volume increased from 105 cc to 198 cc during a median delay period of 23 days (ranging from 8 to 176 days), which 
resulted in 6 patients no longer being eligible for radical therapy [30]. Thus, the clinical stage at the time of treatment may ultimately 
determine the survival outcome, and patients with the progressive clinical stage (e.g., from stage II to III) (Figure S3.A) have longer 
mean delays but higher OS and CSCM compared to patients with the unchanged clinical stage (stage III) (Figure S3.B) [31]. 

This study, to our knowledge, is the first to investigate the relationship between TTI and survival in patients with a single primary 
full-stage NSCLC. The study has several notable strengths. Firstly, it was conducted in a contemporary period (2010–2015) and 
confirmed NSCLC re-staging according to the 8th edition AJCC criteria, which makes the results broadly generalizable. Secondly, the 
study assessed TTI as both a binary and continuous variable and analyzed the time-dependent effects of delayed treatment. Addi
tionally, a competing risk model was used, and the CSCM was included as one of the complementary evaluation indicators to enhance 
the comprehensiveness of the prognostic risk assessment. 

This study, however, has several limitations. Firstly, we lack precise information regarding the TNM stage of the patient at the time 
of diagnosis (Figure S3). This limitation is inherent in clinical settings and should be taken into consideration. Secondly, the analysis of 
the study was limited to the variables present in the database. Although propensity score matching was employed to reduce bias, 
several critical covariates, including past medical history, smoking history, lung function, and the details of radiotherapy and 
chemotherapy, were not available in the SEER database. Thirdly, our analysis solely focused on the most prevalent histological 
subtypes in NSCLC and exclusively examined the initial management options (surgery, radiotherapy, or chemotherapy) following 
diagnosis. To enhance the comprehensiveness and specificity of conclusions, future studies should incorporate a broader spectrum of 
histological subtypes and concentrate on the primary management options associated with each subtype. 

5. Conclusions 

This study revealed that in the subgroup of single primary stage I NSCLC, a TTI of 31 days or more had a negative impact on OS or 
CSCM. However, in the subgroup of stage III-IV NSCLC, neither OS nor CSCM were significantly affected by TTI prolonging. Further 
exploration and validation are needed to determine whether these results can be used as evidence for a ’safe’ TTI threshold setting for 
future NSCLC, and should consider potential differences between the TNM stage at diagnosis and the TNM stage at initial treatment. 
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