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Background: The association between time-to-treatment and outcomes for lung cancer has not been
conclusively established. In this study, we evaluated the effect of time-to-treatment on the overall 5-year
survival of patients with non-small cell lung cancer (NSCLC) with cancer stage at diagnosis.

Methods: We analyzed data in the National Cancer Data Base for adult patients newly diagnosed with
NSCLC in 2003-2011 (N=693,554). Extended Cox regression with counting process was used to model the
effect of time-to-treatment on survival, adjusted for demographic and clinical factors. Multivariable analyses
were performed separately for the groups with different stages at diagnosis. Time-to-treatment was defined
as the interval between diagnosis and treatment initiation, with the categories of (I) 0 day, (I) 1 day—4 weeks,
(III) 4.1-6.0 weeks, and (IV) >6 weeks (the 1 day—4 weeks group was considered the reference group).
Results: Compared to treatment initiated between 1 day and 4 weeks after diagnosis, time-to-treatment
at 4.1-6.0 weeks was associated with a lower risk of death for patients with early-stage cancer [adjusted HR
(aHR), 0.84 (95% CI, 0.82-0.85)], with locally advanced cancer [aHR, 0.82 (95% CI, 0.80-0.83)], and with
metastatic cancer [aHR, 0.75 (95% CI, 0.74-0.76)]. Similarly, a lower risk of death was associated with time-
to-treatment longer than 6 weeks for patients with any cancer stage at diagnosis. However, a subset analysis
for early-stage patients who received surgery only showed that extended time-to-surgery was associated a
higher risk of death [aHR 4, 4 yeurss 1.06 (95% CI, 1.03-1.09); aHR ¢ s 1.17 (95% CI, 1.14-1.20)].
Conclusions: The findings show that, although time-to-treatment should not be compromised, it is
imperative to ensure that patients receive optimal pre-treatment assessments rather than rushing the
treatment. Future research should focus on examining clinical characteristics to determine an optimal time-
to-treatment to achieve the best possible survival for NSCLC patients.
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Introduction rates for lung cancer patients (47% and 18%, respectively)

are lower than those of other common cancers (2).
Lung cancer is the leading cause of cancer deaths in the US Therefore, it is appropriate to conduct research to improve
and worldwide (1). The 1- and 5-year overall survival (OS) understanding of factors that affect the survival of lung
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cancer patients.

In general, timely care positively affects survival of patients.
Timeliness of care is defined as the system’s capacity to
provide care quickly after a need is recognized (3). Delayed
initiation of treatment could increase psychological distress
and affect the prognosis for cancer patients (4,5). A large
population-based study in the US found that 36.7% of lung
cancer patients experienced treatment delays (diagnosis-
to-treatment interval of >35 days) (6). Age, race, stage
at diagnosis, comorbidity, and type of hospital are also
associated with treatment delays (7,8).

Despite the effect of time-to-treatment on outcomes
for patients, previous studies of lung cancer have been
inconclusive. A study of non-small cell lung cancer
(NSCLC) patients aged 66 years old and older showed
an adverse effect of prolonged time-to-treatment on
survival (8). An adverse effect of extended time-to-
treatment was also found in two other studies of early-
stage NSCLC patients who had surgery (6,9). In contrast,
other studies found that longer time-to-treatment
was associated with improved survival (10-12). This
association, often referred as the ‘waiting time paradox,’
has also been observed for colorectal and endometrial
cancers (13). A possible reason for this paradox is that
patients with more severe conditions tend to receive
treatment quickly, but, despite the immediate treatment,
their severe condition still leads to poor outcomes. The
inconsistent results of studies on time-to-treatment might
also be related to variations in the definition and cut-off
points used as recommendations on time-to-treatment
of NSCLC (14-16). For instance, in the US, a proposed
recommendation of treatment initiation for NSCLC other
than metastatic cancer is within 6 weeks of diagnosis (14),
in the United Kingdom, the general recommendation is
within 4 weeks after diagnosis (15). In the Netherlands,
treatment is recommended to start within 35 calendar days
of the patient’s first visit to a pulmonologist (17).

Since timeliness of care is modifiable, evidence pertaining
to its effect on survival is of particular importance (18).
The objective of the present study was to examine the
effect of ime-to-treatment on the OS of NSCLC patients.
We hypothesized that timeliness of care positively affect
the survival of lung cancer patients. We utilized a national
hospital-based dataset that provided, relative to previous
studies, a more representative sample of NSCLC patients
in the US. We present the following article in accordance
with the STROBE Reporting Checklist (available at http://
dx.doi.org/10.21037/tler-19-675).
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Methods

We analyzed the National Cancer Data Base (NCDB) for
the period 2003-2011. The NCDB is a national, hospital-
based oncology dataset, collected from more than 1,500
facilities accredited by the Commission on Cancer (CoC).
The database, jointly sponsored by the American College
of Surgeons and the American Cancer Society, is estimated
to represent 70% of new cancer diagnoses in the US
(19,20). The NCDB records information about patient
demographics, clinical characteristics, treatment, and
outcomes. The present study used de-identified data, and
thus was exempt from review by the Institutional Review
Board. The study applied a retrospective cohort design.

Study population

Patients aged 18 years and older who were diagnosed with
NSCLC from 2003 to 2011 and underwent any surgery,
chemotherapy, or radiation at the reporting facilities as
their first-course treatment were considered eligible for this
study.

Outcome and predictors

The primary outcome was 5-year OS, defined as the time
from the date of diagnosis to the date of death, or the last
contact if the patient was still alive or lost to follow-up
(the time was censored). The primary predictor was time-
to-treatment, defined as the period between diagnosis and
initiation of any first-course treatment. Time-to-treatment
was categorized based on the commonly recommended
time-to-treatment and the proposed recommendation
in the US (within the first 4 weeks and 6 weeks after
diagnosis, respectively) (14). The categories of time-to-
treatment were: (I) 0 day, (I) 1 day to 4 weeks, (III) 4.1-
6.0 weeks, and (IV) >6 weeks, with 1 day to 4 weeks as the
reference group. We distinguished 0 day from the 1 day
to 4 weeks on the assumption that patients who received
treatment on the same day of diagnosis might harbor
specific conditions different from other patients (e.g., have
less severe symptoms and were thus eligible for prompt
tumor removal or require an emergent procedure). The
covariates adjusted in the analysis were age at diagnosis, sex,
race, urban/rural status, distance to the reporting hospital,
primary payer, facility type, stage at diagnosis, histology,
treatment type, and Charlson-Deyo comorbidity score
because those variables can affect both decision on timing of
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treatment and patient survival. Detailed information about
how variables in the NCDB are defined by the American
College of Surgeons is provided elsewhere (19). The
NCDB contains data from the participating hospital cancer
registries.

Statistical analysis

Descriptive statistics were presented as proportions for the
categorical variables, and medians with inter-quartile range
(IQR) for continuous variables. In the bivariate analyses, a
chi-square test was used to assess the association between
each of the patient characteristics and time-to-treatment.
The association between each predictor and OS was
examined with a Cox proportional hazards (PH) model.
Prior to the analysis, we examined the PH assumption
to determine whether the hazard ratio (HR) for any
pair of levels of predictors other than time-to-treatment
was constant over time. Using a graphical approach and
Schoenfeld’s test, we identified non-proportionality of the
HRs for several predictors, including time-to-treatment,
suggesting that the hazard rates were not constant over time.
We handled this non-proportionality of HRs differently
for the time-to-treatment variable and other predictors.
We considered the time-to-treatment variable as having an
inherent time-dependent nature. The risk of death for the
patients differed before and after receiving treatment. Prior
to starting treatment, patients had a relatively similar risk to
those who did not receive treatment. The risk changed after
they started or completed treatment. To take into account
this time-dependent risk, we applied the counting process
method (21). By this approach, each case was handled as two
observations: one from the time of diagnosis to receiving
treatment, and one from starting treatment to either death
or loss to follow up. Other predictors that did not satisfy
the PH assumption were handled through Stratified Cox
regressions (21). The counting process and stratified Cox
regression were fitted in the final analyses.

Multivariable analyses were performed separately for the
groups with different stages at diagnosis, which were divided
into early-stage (stage I and II), locally advanced (stage
III), and metastatic disease (stage IV). Subset analyses were
performed for patients considered as having a relatively
good prognosis (early-stage patients who received surgery
only). For this purpose, patients who died within the first
month after diagnosis were excluded since they were likely
to have more severe clinical conditions than other patients.
The Kaplan-Meier estimator was used to produce survival
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estimates (22). The significance level for the analysis was set
at a P value <0.05. All statistical analyses were performed
with the statistical software package SAS, version 9.4
(SAS Institute Inc., Cary, NC). Observations with missing
variables of interest were excluded.

Results

From 2003 to 2011, the NCDB recorded 1,010,492 patients
diagnosed with NSCLC. Of these, 259,425 cases who were
not eligible due to, for example, not receiving treatment
in the reporting facilities or having unknown treatment
status, were excluded. Of 751,067 eligible cases, 59,603
(7.9%) were excluded largely due to missing information
on stage at diagnosis and time-to-treatment (Figure I). In
total, 691,464 patients were included in the analysis. There
were no substantial differences between the excluded and
analyzed cases, except for histology and comorbidity score.
The cases included in the analysis had a higher proportion
of adenocarcinoma (46.4%) and comorbidity scores of
either 1 or 2 (39.3%) compared to the excluded cases (37.3%
and 33.8%, respectively). The median follow-up period was
15 months IQR =30).

Descriptive analysis of time-to-treatment and
characteristics of patients

Overall, 42.6% of patients started treatment more than
4 weeks after diagnosis. The median time-to-treatment was
different between patients with metastatic cancer [18 days,
(IQR, 11-36)] and those with less advanced stages. The
medians for patients with early-stage and locally advanced
disease was 28 days (IQR, 2-51) and 27 days (IQR, 13-406),
respectively.

Demographic and clinical characteristics of patients are
presented in Table 1. Time-to-treatment was significantly
associated with all patient demographic and clinical
characteristics analyzed (see the note of Tuble I). The
proportion of patients receiving treatment within the first
4 weeks of diagnosis was higher for those who were
younger than 65 years, with high income, had private
insurance, diagnosed with early-stage disease, or had
surgery. Patients with Medicare (mostly age >65 years)
tended to start treatment more than 6 weeks after
diagnosis. The median OS time was 54 months (IQR
=95) for early-stage, 15 months (IQR =29.2) for a locally
advanced stage, and 6.4 months (IQR =11.3) for patients
with metastatic cancer.

Transl Lung Cancer Res 2020;9(4):1202-1211 | http://dx.doi.org/10.21037/tler-19-675



Translational Lung Cancer Research, Vol 9, No 4 August 2020 1205
NSCLC diagnosed from 2003 to 2011 Excluded cases
(N=1,010,492)
¢ Diagnosed at the reporting facility, but treatment decisions were made elsewhere (N=83,183)

N=927,309

¢ Did not receive first-course treatment at the reporting facility (N=158,245)
¢ e Treatment status was unknown (N=15,605)
e Received only hormone or immunotherapy (N=2,392)

Eligible cases (N=751,067)

¢ e Missing information on stage at diagnosis (N=40,925)
e Stage at diagnosis was either 0 or occult (N=1,355)

N=708,787

e Missing information on time-to-treatment (N=17,264)
¢ e Possible data error on time-to-treatment information (N=55)
® Received treatment more than 5 years after diagnosis (N=4)

Analyzed (N=691,464)

Figure 1 Selection of the study population.

The effect of time-to-treatment on OS

The multivariable analyses showed different effects of time-
to-treatment on OS between patients with an early- and
advanced-stage diseases.

Early-stage disease

The multivariable analyses (7able 2) showed a lower risk
of death for patients who received treatment on the day
of diagnosis, compared to those who initiated treatment
between 1 day and 4 weeks after diagnosis [adjusted HR
(aHR) = 0.84 (95% CI, 0.82-0.85)]. Similarly, a lower risk
of death was associated with time-to-treatment longer than
4 weeks [aHR, 0.93 (95% CI, 0.91-0.95)] and longer than
6 weeks after diagnosis [aHR, 0.92 (95% CI, 0.91-0.94)]
(Table 2). However, a subset analysis for patients who
received surgery only, showed that surgery between 4 and
6 weeks was associated with a 6% increased risk of death
[aHR, 1.06 (95% CI, 1.03-1.09)]. A higher risk of death
(17%) was evident for early-stage patients who received
surgery more than 6 weeks after diagnosis [aHR, 1.17 (95%
CI, 1.14-1.20)] (Tible 3).

Locally-advanced stage

Compared to treatment initiated 1 day to 4 weeks after
diagnosis, either a shorter or longer time-to-treatment was
associated with a lower risk of death [aHR, 4, 0.73 (95%
CI, 0.71=0.74]; aHR 4, 40 veue 0.82 (95% CI, 0.80—0.83];
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aHR 4. 0.71 (95% CI, 0.70-0.72)].

Metastatic cancer

Similar to findings for patients with locally advanced
disease, there was a lower risk of death for patients with
metastatic cancer who received treatment at the same day
of diagnosis or after 4 weeks [aHR, 4, 0.75 (95% CI, 0.73—
0.76); aHR 4 60 weers 0.75 (95% CI, 0.73-0.76); aHR ¢ ceis
0.58 (95% CI, 0.57-0.59)].

Discussion

The Institute of Medicine has established timeliness of care
as a dimension of healthcare quality (23,24). However, delay
in receiving treatment remains a problem for some cancer
patients (7,8). Although the present study did not prove the
hypothesis of adverse effects of extended time-to-treatment
on the OS of NSCLC patients, extended time-to-treatment
was an independent predictor of mortality for early-stage
patients who received surgery.

The present findings indicate a complex association
between time-to-treatment and survival. Contrary to our
hypothesis, time-to-treatment longer than four weeks
was associated with a lower risk of death for patients of
all cancer stages. For early-stage patients, however, the
difference in risk of death by time-to-treatment is subtle
compared to that for patients with locally advanced or
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Table 1 Patients’ socio-demographic and clinical characteristics by time-to-treatment”

Characteristics

0 days, n (%)

1 day-4 weeks, n (%) 4.1-6 weeks, n (%)

> 6 weeks, n (%)

Total, n (%)

Sex
Male
Female
Age at diagnosis, years
<65
65-74
75+
Racial group
White
Black
Other
Unknown
Urban/rural
Metro
Urban
Rural
Unknown
Distance to hospital, miles
<10
11-50
51-100
>100
Unknown
Primary payer
Not insured
Private insurance
Medicaid
Medicare
Other government insurance
Unknown
Facility type
CCP
CcccpP
Academic/research program

Other

49,251 (48.9)
51,536 (51.1)

39,355 (39.1)
37,243 (37.0)
24,189 (24.0)

89,131 (88.4)
8,591 (8.5)
2,216 (2.2)

849 (0.8)

80,011 (79.4)
14,332 (14.2)
1,867 (1.9)
4,577 (4.5)

48,695 (48.3)
38,043 (37.8)
7,268 (7.2)
3,947 (3.9)
2,834 (2.8)

2,127 (2.1)
34,327 (34.1)
4,318 (4.3)
56,907 (56.5)
1,025 (1.0)
2,083 (2.1)

8,828 (8.8)
54,302 (53.9)
37,357 (37.1)

300 (0.3)

164,691 (55.7)
131,060 (44.3)

125,625 (42.5)
97,484 (33.0)
72,642 (24.6)

255,578 (86.4)
30,661 (10.4)
7,297 (2.5)
2,215 (0.8)

227,819 (77.0)

47,290 (16.0)
6,952 (2.4)
13,690 (4.6)

155,000 (52.4)
105,671(35.7)
16,630 (5.6)

9,109 (3.1)
9,341 (3.2)

11,524 (3.9)
96,985 (32.8)
17,905 (6.1)

159,124 (53.8)

3,539 (1.2)
6,674 (2.3)

34,131 (11.5)

174,009 (58.8)

87,141 (29.5)
470 (0.2)

62,251 (54.1)
52,841 (45.9)

41,071 (35.7)
40,641 (35.3)
33,380 (29.0)

100,561 (87.4)
11,000 (9.6)
2,628 (2.3)
903 (0.8)

88,734 (77.1)
18,613 (16.2)
2,560 (2.2)
5,185 (4.5)

59,042 (51.3)
42,296 (36.8)
6,591 (5.7)
3,817 (3.3)
3,346 (2.9)

2,843 (2.5)
34,205 (29.7)
5,717 (5.0)
68,263 (59.3)
1,464 (1.3)
2,600 (2.3)

12,951 (11.3)

64,497 (56.0)

37,510 (32.6)
134 (0.1)

94,263 (52.4)
85,571 (47.6)

57,733 (32.1)
63,675 (35.4)
58,426 (32.5)

151,589 (84.3)
22,354 (12.4)
4,511 (2.5)
1,380 (0.8)

141,738 (78.8)
26,752 (14.9)
3,427 (1.9)
7,917 (4.4)

93,773 (52.2)

63,715 (35.4)

10,820 (6.0)
6,455 (3.6)
5,071 (2.8)

4,642 (2.6)
45,406 (25.3)
10,657 (5.9)

111,653 (62.1)

2,871 (1.6)
4,605 (2.6)

18,899 (10.5)

93,999 (52.3)

66,760 (37.1)
176 (0.1)

370,456 (53.6)
321,008 (46.4)

263,784 (38.2)
239,043 (34.6)
188,637 (27.3)

596,859 (86.3)
72,606 (10.5)
16,652 (2.4)

5,347 (0.8)

538,302 (77.9)
106,987 (15.5)
14,806 (2.1)
31,369 (4.5)

35,651 (51.6)
249,725 (36.1)
41,309 (6.0)
23,328 (3.4)
20,592 (2.9)

21,136 (3.1)
210,923 (30.5)
38,597 (5.6)
395,947 (57.3)
8,899 (1.3)
15,962 (2.3)

74,809 (10.8)

386,807 (55.9)

228,768 (33.1)
1,080 (0.2)

Table 1 (continued)
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Characteristics

0 days, n (%)

1 day—4 weeks, n (%) 4.1-6 weeks, n (%)

> 6 weeks, n (%)

Total, n (%)

Stage at diagnosis
Stage |
Stage Il
Stage Il
Stage IV
Histology
Adenocarcinoma
Large-cell
Squamous cell
Adenosquamous
NSCLC, NOS
Others
Charlson/Deyo comorbidity score
0
1
2
Treatment received
Surgery only
Radiation only
Chemotherapy only
Chemoradiation

Surgery + chemo and/or
radiation

Unknown/others

58,140 (57.7)
9,998 (9.9)
15,580 (15.5)
17,069 (16.9)

57,537 (57.1)
4,015 (4.0)
22,773 (22.6)
2,259 (2.2)
8,794 (8.7)
5,400 (5.4)

56,523 (56.1)
32,673 (32.4)
11,591 (11.5)

62,359 (61.9)
4,556 (4.5)
3,909 (3.9)
9,379 (9.3)

19,728 (19.6)

856 (0.9)

52,336 (17.7)

20,247 (6.9)

73,597 (24.9)
149,571 (50.6)

130,411 (44.1)
12,455 (4.2)
76,202 (25.8)

4,099 (1.4)
63,364 (21.4)
9,220 (3.1)

184,555 (62.4)
80,266 (27.1)
30,930 (10.5)

45,206 (15.3)
64,785 (21.9)
51,526 (17.4)
102,717 (34.7)
28,389 (9.6)

3,128 (1.1)

34,514 (30.0)
11,866 (10.3)
32,801 (28.5)
35,911 (31.2)

51,939 (45.1)
4,015 (3.5)
34,268 (29.8)
1,872 (1.6)
19,875 (17.3)
3,123 (2.7)

71,285 (61.9)
31,819 (27.7)
11,988 (10.4)

28,223 (24.5)
17,861 (15.5)
19,852 (17.3)
33,225 (28.9)
15,104 (13.1)

827 (0.7)

69,743 (38.8)
20,401 (11.3)
47,672 (26.5)
42,018 (23.4)

80,613 (44.8)
5,477 (3.1)
55,784 (31.0)
2,980 (1.7)
29,740 (16.5)
5,240 (2.9)

107,284 (59.7)
50,920 (28.3)
21,630 (12.0)

52,532 (29.2)
36,697 (20.4)
26,783 (14.9)
41,198 (22.9)
21,502 (12.0)

1,122 (0.6)

214,733 (31.1)
62,512 (9.0)
169,650 (24.5)
244,569 (35.4)

320,500 (46.4)
25,962 (3.8)
189,027 (27.3)
11,210 (1.6)
121,773 (17.6)
22,992 (3.3)

419,647 (60.7)
195,678 (28.3)
76,139 (11.0)

188,320 (27.2)
123,899 (17.9)
102,070 (14.8)
186,519 (27.0)

84,723 (12.3)

5,933 (0.9)

“, the chi-square test for all comparisons resulted in a P value <0.001. CCP, Community Cancer Program; CCCP, comprehensive

community cancer program; NSCLC, non-small cell lung cancer; NOS, not otherwise specified; IQR, inter-quartile range.

Table 2 Adjusted hazard ratios [aHR (95% CI)] for 5-year mortality associated with time-to-treatment*

Time-to-treatment Early-stage (N=277,245) Locally advanced disease (N=169,650) Metastatic disease (N=244,569)

0 day 0.84 (0.82-0.85) 0.73 (0.71-0.74) 0.75 (0.74-0.76)
1 day to 4 weeks Ref. Ref. Ref.
4.1-6.0 weeks 0.93 (0.91-0.95) 0.82 (0.80-0.83) 0.75 (0.74-0.76)

>6 weeks 0.92 (0.91-0.94) 0.71 (0.70-0.72) 0.58 (0.57-0.59)

*, model was adjusted for age, sex, race, urban/rural, distance to hospital, facility type, primary payer, Charlson/Deyo comorbidity score,
histologic type, and treatment modalities.
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Table 3 Adjusted hazard ratios [aHR (95% CI)] for 5-year
mortality, associated with time-to-treatment for early-stage patients
who received surgery only*

Time-to-treatment aHR (95% Cl)

0 day 0.91 (0.89-0.93)
1 day to 4 weeks Ref.
4.1-6.0 weeks 1.06 (1.03-1.09)

>6 weeks 1.17 (1.14-1.20)

*, model was adjusted for age, sex, race, urban/rural, distance to
hospital, facility type, primary payer, Charlson/Deyo comorbidity
score, and histologic type. Excluding patients who died within 1
month after diagnosis.

metastatic cancers. However, a subset analysis for early-
stage patients who received surgery alone and were
considered as having a better prognosis than the other
groups, showed an association in the opposite direction.
Compared to treatment initiated within 1 day to 4 weeks, a
longer time-to-treatment for these patients was associated
with a decreased S-year survival. Although the increased
risk was modest for those who received treatment within
1 day to 4 weeks, the risk was amplified for patients who
were treated more than 6 weeks after diagnosis, providing
evidence of the effect of time-to-treatment.

Our results were generally inconsistent with previous
findings. A study with US veterans showed an increased
risk of death associated with greater timely care [aHR,
1.6 (95% CI, 1.3-1.9)], independent of the type of
treatment (25). Another study of Medicare beneficiaries
found varying results, of which an improved OS was
associated with a diagnosis-to-treatment interval of
<35 days for localized disease [aHR, 0.86 (95% CI,
0.80-0.91)] and for patients with distant disease who
survived >1 year [aHR, 0.86 (95% CI, 0.74-0.99)], but
was associated with a lower OS for patients who survived
<1 year (8). Nevertheless, our findings for early-stage
patients who received surgery were consistent with results
reported for two previous studies. A study using NCDB
data for patients with stage I NSCLC, but with a different
analytical approach, found that each week of delay of
surgery increased the hazard of death by 0.4% [aHR,
1.004 (95% CI, 1.002-1.007)] (9). Another study on delay
in surgery for patients diagnosed at a community center
suggested a similar association that was not statistically
significant [aHR, 1.04 (95% CI, 1.00-1.09)] (6).

Similar to our overall analysis, counter-intuitive results
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that extended time-to-treatment is associated with longer
survival have been reported for studies, not limited to
lung cancer, in the US and other countries (13,26). This
phenomenon is commonly referred as the ‘waiting time
paradox’ (27). The premise behind this paradox is that the
association between time-to-treatment and OS is likely
affected by the disease severity at presentation. Patients who
are treated early may have severe symptoms and inherently
have a worse prognosis compared to patients treated with
longer time-to-treatment. Another possible reason for the
finding is that, for patients with shorter time-to-treatment,
the treatment plan might involve a less comprehensive
evaluation that puts patients at risk for a worse prognosis.
Our stratification analysis by disease stage failed to
distinguish the severity level of patients that affects both
time-to-treatment and survival, suggesting a mix of patients'
risk within the same stage. For early-stage patients who
received surgery, however, the patient population was likely
more homogenous with respect to their clinical conditions.
Therefore, the subset analysis for this population showed
the adverse effect of extended time-to-treatment.

The adverse effect of extended time-to-treatment on OS
can be explained by disease progression. A prolonged
waiting period might cause some patients to become
ineligible for curative-intent therapy, thus reducing their
chance of cure. This premise has been demonstrated by
studies of radiotherapy (4,28). A prospective study of 29
lung cancer patients waiting for radical radiotherapy showed
that 21% of potentially curable patients became incurable,
and the cross-sectional tumor size increased more than
three-fold times during the waiting period (4).

The strengths of the present study mainly relate to the wide
coverage of the database and the large sample size. The
sample size allowed us to perform stratification analyses,
without being underpowered. Furthermore, the database
enabled us to account for various potential confounders. In a
study of colorectal cancer, control for more comprehensive
confounders led to a different interpretation of the effect
of time-to-treatment on OS (26). Our analysis included
patients with various primary cancers, who are commonly
excluded from analyses using cancer registry data (29). Our
inclusion might lead to a higher risk of death in our study
cohort. However, a subset analysis of patients with a single
primary cancer yielded similar results (data not shown), as
was found in other studies (29,30).

Our results have limitations. The NCDB contains data
of patients whose diagnosis was made and/or received
treatment in the participating hospitals, i.e., facilities
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accredited by the CoC. Although the NCDB covers
about 70% of newly diagnosed cancer cases in the US
(19,20), the data has potential selection bias because
the choice of hospital may be associated with certain
patients factors. If patients who are treated in the NCDB
participating hospitals have higher severity than patients
from the rest of the hospitals across US, then the bias
is likely towards the null value. The CoC-approved
hospitals included in the NCDB are typically larger,
located in urban locations, and provide a higher degree
of oncology-related specialization, compared to non-
CoC-approved hospitals (31). Thus, the data might not
be representative of all hospitals in the US. The influence
of unmeasured confounders, particularly those that may
affect the decision to expedite or postpone treatment (e.g.,
tumor aggressiveness, performance status), was likely
the reason for the counter-intuitive findings for locally
advanced and metastatic NSCLC.

Our results did not lead us to conclude that longer time-
to-treatment leads to better survival. Instead, we believe
that longer time-to-treatment does not have detrimental
effects for patients, especially those with more advanced
disease stages. Therefore, comprehensive examinations
and preparation will benefit patients more, rather than
rushing the treatment. However, for patients with operable
cancers, it is important not to delay treatment. Future
research should focus on identifying, for patients, clinical
characteristics that could predict the tolerable time-to-
treatment to achieve better outcomes, which would be
beneficial for patients and provide a basis for improving
clinical standards. Such research would also be relevant,
given the fact that guidelines vary for timing of treatment
initiation of NSCLC.

Conclusions

The study supports the idea that allocating time for optimal
pre-treatment assessments, although leading to a longer
time-to-treatment interval, is likely to benefit survival
of patients. However, it seems prudent for treatment
of patients with resectable, early-stage lung cancer to
start within 4 weeks of diagnosis. This relates to the
expected increased identification of early-stage patients
following improvements in screening programs and recent
recommendations from the US Preventive Services Task
Force. Despite the various factors that lead to treatment
delays, attempts should be made to decrease delays caused
by system-based factors.

© Translational Lung Cancer Research. All rights reserved.
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