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Abstract 

During the coronavirus disease 2019 pandemic, patients may encounter lung cancer care delays. Using Cox 

regression analysis with penalized smoothing splines, propensity score-matched analysis, and least absolute 

shrinkage and selection operator regression models for 275,590 patients, we found that extended treatment 
delay from diagnosis was not associated with decreased survival compared to prompt treatment. These 

findings can help guide care priorities and decision-making during the pandemic. 
Background: Due to the coronavirus disease 2019 (COVID-19) pandemic, patients may encounter lung cancer care 

delays. Here, we sought to examine the impact of extended treatment delay for stage III-IV non–small-cell lung cancer on 

patient survival. Materials and Methods: Using National Lung Screening Trial (NLST) and National Cancer Data Base 

(NCDB) data, Cox regression analysis with penalized smoothing splines was performed to examine the association 

between treatment delay and all-cause mortality for stage III-IV lung adenocarcinoma and squamous cell carcinoma. 
In the NCDB, propensity score-matched analysis was used to compare cumulative survival in patients who received 

“early” v ersus “delayed” treatment (ie, 0-30 vs. 90-120 days following diagnosis). Results: Cox regression analysis of 
the NLST ( n = 392) and NCDB ( n = 275,198) cohorts showed a decrease in hazard ratio the longer treatment was 
delayed. In propensity score-matched analysis, no significant differences in survival were found between early and 

delayed treatment for patients with stage IIIA, IIIB (T3-4,N2,M0), IIIC, and IV (M1B-C) adenocarcinoma and patients 
with IIIA, IIIB, IIIC, and IV squamous cell carcinoma (all log-rank P > .05). For patients with stage IIIB (T1-2,N3,M0) and 

stage IV (M1A) adenocarcinoma, delayed treatment was associated with improved survival (log-rank P = .03, P = .02). 
The findings were consistent in sensitivity analysis accounting for wait time bias. Conclusion: In this national analysis, 
for patients with stage III-IV adenocarcinoma and squamous cell carcinoma, an extended treatment delay by 3 to 4 

months was not associated with significantly decreased overall survival compared to prompt treatment. These findings 
can be used to guide decision-making during the ongoing COVID-19 pandemic. 
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Introduction 

During the coronavirus disease 2019 (COVID-19) pandemic,
hospitals postponed elective surgeries 1-4 and cancer operations 3 , 5
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and delayed systemic cancer treatment 6 , 7 to preserve limited
resources and decrease the risk of nosocomial transmission. Simul-
taneously, patients sometimes independently elected to postpone
cancer treatment for fear of contracting severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). 8 , 9 With the global spread
of the Omicron variant, society has borne witness to repeated
overwhelming global surges of COVID-19 cases. 10 , 11 Given current
trajectories, experts predict that the development of even more infec-
tious, deadly variants might ensue. 12 For patients with stage III non–
small-cell lung cancer (NSCLC), particularly those from areas with
severely high COVID-19 cases, many medical societies have recom-
mended a delay or postponement in treatment. 2 , 6 , 13-16 Given that
patients with lung cancer have significantly greater SARS-CoV-2
infection risk 17 and that palliative chemotherapy may further exacer-
bate that risk, 18 patients with stage IV NSCLC may similarly, in
1525-7304/$ - see front matter © 2022 Elsevier Inc. All rights reserved. 
https://doi.org/10.1016/j.cllc.2022.05.001 
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conversation with their physician, be recommended to delay care or
independently postpone cancer treatment. 8 , 9 

The impact of extended delays in treatment for patients with
stage III and stage IV lung cancer is unclear. Although past research
has evaluated timeliness of care, 19 previous studies did not assess
the survival outcomes associated with extended treatment delays—
potentially as long as 3 to 6 months—currently proposed by
medical societies and enacted by some clinicians during the ongoing
pandemic. 

The objective of this study was to use data from the National
Lung Screening Trial (NLST) and the U.S. National Cancer Data
Base (NCDB) to characterize the impact of extended delays in treat-
ment for stage III-IV NSCLC on survival. We aimed to provide
clinicians with stage- and substage-specific data on stage III-IV lung
adenocarcinoma and squamous cell carcinoma that could be used to
inform treatment decision-making for patients during the COVID-
19 pandemic and to prepare for future pandemic waves. 

Materials and Methods 

The data for this retrospective analysis are derived from the NLST
and the NCDB. 

Data Source: National Lung Screening Trial (NLST) 
The NLST was a randomized controlled trial that compared

screening for lung cancer with low-dose helical computed tomog-
raphy versus screening via chest radiography for individuals at
high risk of developing lung cancer. 20 The study design has been
described previously. 21 The NLST enrolled 53,454 individuals
between August 2002 and April 2004. Data collection ended
December 31, 2009, with a median follow-up time of 6.5 years.
During the study period, 1971 patients developed biopsy-confirmed
lung cancer. AJCC sixth edition was used for staging in the NLST
study; 22 however, we reclassified the staging in the study using best
available data according to AJCC eighth edition criteria. 23 

Data Source: National Cancer Database (NCDB) 
The NCDB is a clinical oncology database and a joint project of

the Commission on Cancer of the American College of Surgeons
and the American Cancer Society. The data collected from the
NCDB are estimated to include > 80% of newly diagnosed lung
cancer cases in the U.S. 24 Although clinical staging information is
directly recorded in the NCDB using American Joint Committee
on Cancer sixth and seventh edition TNM classifications for the
years of study inclusion (2004-2015), 22 , 25 we reclassified the staging
in this study using best available data according to AJCC eighth
edition criteria. 23 

Study Population 

All NSCLC patients in the NLST from 2004 to 2009 with
adenocarcinoma or squamous cell carcinoma histology (identified
via International Classification of Diseases for Oncology, third
edition histology and topography codes) who had clinical stage
III-IV disease and were treated with surgery, chemotherapy, radia-
tion therapy, or concurrent chemoradiation were included. For
the analysis of the NCDB, all patients with clinical stage III-
IV NSCLC with adenocarcinoma or squamous cell carcinoma
histology from 2004 to 2015 who were treated with surgery,
chemotherapy, radiation therapy, concurrent chemoradiation, or
immunotherapy were included. Adenocarcinoma and squamous cell
carcinoma were chosen for this analysis because they are the most
common histologic subtypes of NSCLC. 26 

The treatment regimens investigated in the NLST and NCDB
cohorts were selected in accordance with national practice guidelines
and varied by stage (Supplemental Table 1). 27 Concurrent chemora-
diation was defined as starting chemotherapy within one month
of the start of radiation therapy, as previously described. 28 Overall
survival of patients who underwent early versus delayed treatment
for each stage and sub-stage were assessed using methods described
below. 

Methods of follow-up have been previously described (ie, reports
from physician follow-up, program inpatient or outpatient services,
and death certificates). 29 Our analysis excluded patients with a
history of prior malignancy. 

Days From Diagnosis to Treatment 
The primary exposure of interest in this study was days elapsed

from diagnosis of lung cancer to treatment. We created two exposure
metrics: a continuous measure of days from diagnosis to treatment
and a categorical measure as “early” (0-30 days between time of
diagnosis and time of treatment) or “delayed” (90-120 days between
diagnosis and treatment). These metrics were created given the 3-
month pandemic treatment deferral recommended by the Thoracic
Surgery Outcomes Research Network and American College of
Surgeons Commission on Cancer. 30 , 31 

All-cause Mortality 
The primary outcome of interest was overall survival. We consid-

ered all-cause mortality in Cox proportional hazards regression
analysis in cohorts from both data sources. In the NCDB, we also
examined cumulative survival. Survival was measured from the start
date of treatment to death or date of last follow up. 

Covariates 
All patient and disease characteristics in the NLST and NCDB

cohorts are directly defined by or were created using variables
described in the NLST Participant, Lung Cancer, and Treatment
Data Dictionaries 32 or the NCDB 2016 PUF Data Dictionary, 29 

respectively. 

Statistical Analysis 
For our primary analysis, we examined differences in cumula-

tive survival in patients who received “early” versus “delayed” treat-
ment in the NCDB. We used propensity scores to match patients
into “early” and “delayed” treatment groups. 33 Briefly, propensity
scores reflect the probability of early treatment, conditional on clini-
cally relevant patient baseline characteristic variables (including age,
sex, race, CDCC score, tumor size, tumor location, tumor grade,
facility type, distance from the hospital, hospital volume, insurance
type, education, income, and year of diagnosis). Where applica-
ble, we additionally matched for clinical T- and N-status, type of
surgery, and treatment with induction chemotherapy ± radiation.
We applied a greedy nearest neighbor matching algorithm without
Clinical Lung Cancer September 2022 e363 
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replacement with a caliper of 0.01 to calculate propensity scores.
Balance of the match was assessed using standardized differences. We
examined cumulative survival in the matched “early” and “delayed”
treatment groups using the Kaplan-Meier method and log-rank test.

Second , in each of the NLST and NCDB data cohorts, we used
Cox proportional hazards regression to model the instantaneous
mortality rate as a function of time from diagnosis to treatment
within subgroups defined by stage and corresponding guideline-
concordant treatment. We controlled for a priori specified covariates
that could conceivably confound the association between time from
diagnosis to treatment and mortality. For the NLST cohort, these
variables included the following: sex, age, race, smoking history
(current vs. former), pack year smoking history, clinical T-, N-,
and M-status (when applicable), tumor size, histology (squamous
cell carcinoma, adenocarcinoma), type of surgery (when applicable),
history of obstructive lung disease, history of restrictive lung disease,
history of heart disease, and history of stroke. For the NCDB
cohort, these variables were the same as described in propensity score
matching. 

We modeled time from diagnosis to treatment with penalized
smoothing splines with three degrees of freedom. Penalized smooth-
ing splines were chosen because they have the advantage of flexi-
bility and can capture potential nonlinearities in the dose-response
between time from diagnosis to treatment and mortality rates. 34 , 35

Within each subgroup of interest, we used fitted models to plot
the hazard ratio as a function of days from diagnosis to treat-
ment with 0 days from diagnosis to treatment as the referent.
As a secondary analysis, we repeated our Cox regression analysis,
as described above, in finer subgroups defined by substage, histo-
logic subtype, and guideline-concordant treatment using the NCDB
cohort. We performed the subgroup analysis in the NCDB cohort
because, for analysis stratified by substage and histologic subtype,
only the NCDB could provide large enough cohorts for meaningful
comparisons. 

To address problems of variable selection and enhance results’
prediction accuracy, we employed least absolute shrinkage and selec-
tion operator (LASSO). 36 In particular, we created binary logistic
LASSO regression models to identify key features from our survival
analysis that determine the short-term (less than 25th percentile)
or long-term (greater than 75th percentile) survival of patients with
stage III and stage IV disease. To control overfitting, models were
cross validated through 10 × 10 × 10 nested cross-validation.
The coefficients of all three models were compared to determine
if selected features were specific to one subset of the cohort. Area
under the receiver operating characteristics (AUROC) is reported to
assess the fidelity of the model in the testing set with the P -value
generated from DeLong test. 37 

Sensitivity Analysis 
Some previous studies have shown that, paradoxically, individuals

who experience long delays between diagnosis and cancer treatment
may survive longer than those who are treated quickly. 38-42 This
“wait time bias”43 may reflect the possibility that patients with more
aggressive tumor biology and worse disease will be treated sooner
and have worse survival; that individuals who wait for an extended
period to receive treatment represent a survivor population; or, most
Clinical Lung Cancer September 2022 
likely, some combination of these 2 explanations. To examine the
influence of wait time bias in the present study, we repeated our
main analysis for stage IV disease while excluding patients who had
a time of diagnosis to treatment below the 10th or above the 90th
percentile. 

All statistical analyses were performed using R version 4.0.5 (R
Foundation for Statistical Computing, Vienna, Austria) and Stata
version 13.0 (StataCorp LP, College Station, TX). This study was
approved by the Institutional Review Boards at Duke University,
Stanford University, and Massachusetts General Hospital. 

Results 

The NLST study cohort consisted of 392 patients who met study
inclusion criteria and who underwent treatment for clinical stage
III-IV adenocarcinoma or squamous cell carcinoma (Supplemental
Figure 1A). The NCDB study cohort, consisted of 275,198 patients
who met study inclusion criteria and who underwent treatment for
clinical stage III-IV adenocarcinoma or squamous cell carcinoma
(Supplemental Figure 1B). Table 1 details baseline characteristics
for patients in the NLST and NCDB cohorts. 

Propensity Score-Matched Analysis of Cumulative 
Survival with “Early” versus “Delayed” Treatment 

Our propensity score-matched analysis of the NCDB cohort
compares cumulative survival in patients who received “early” treat-
ment versus a matched sample of otherwise similar patients who
received “delayed” treatment within substages of adenocarcinoma
and squamous cell carcinoma. Propensity score-matching balanced
all matching variables in the “early” and “delayed” groups with
nearly every standardized mean differences less than 10% (pre-
match data Supplemental Table 2, post-match data Supplemental
Table 3, Supplemental Figure 2, and data not shown). Table 2 
details a summary of 1-, 3-, and 5-year Kaplan Meier overall survival
estimates, as well as median survival for each substage stratified by
“early” versus “delayed” treatment. 

For all substages of stage IIIA adenocarcinoma, there was no
difference in overall survival between patients who underwent early
versus delayed treatment via surgery (ie, lobectomy with either
induction or adjuvant chemotherapy with or without radiation) or
concurrent chemoradiation ( Figure 1 A-D). For all substages of IIIB
adenocarcinoma, there was no difference in survival between early
versus delayed treatment via concurrent chemoradiation ( Figure 1 E-
F). Notably, for patients with stage IIIB (T1-2,N3,M0) adeno-
carcinoma, the log-rank value indicated significantly improved
survival in patients who received delayed concurrent chemoradi-
ation compared to early treatment; however, the 95% CI for all
overall survival metrics overlapped for the 2 groups indicating 1-
year, 3-year, 5-year, or median overall survival was not signifi-
cantly different ( Table 2 ). For patients with stage IIIC adenocarci-
noma, there was no difference in overall survival between patients
who underwent early versus delayed concurrent chemoradiation
( Figure 1 G). 

For all substages of stage IIIA, IIIB, and IIIC squamous cell carci-
noma, there was no difference in 5-year overall survival between
patients who underwent early versus delayed treatment ( Figures 1 H-
I and 2 A-E). 
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Table 1 Baseline Characteristics for Patients in the National Lung Screening Trial (NLST) and National Cancer Database (NCDB) 
Study Cohorts. 

NLST Patient Characteristic NLST Cohort( n = 392) NCDB Patient Characteristic NCDB Cohort( n = 275,198) 
Age (median, IQR), 62 (59, 67) Age (median, IQR), y 66 (58, 73) 

Height (median, IQR), inches 69 (66, 71) Female sex, n (%) 121,229 (44) 

Weight (median, IQR), pounds 175 (152, 197) Race, n (%) 

Female sex, n (%) 134 (34) White 230,307 (84) 

Race, n (%) Black 34,037 (12) 

White 359 (92) Other 9061 (3) 

Black 15 (4) Unknown 1793 (1) 

Asian 6 (2) CDCC score, n (%) 

Other 9 (2) 0 172,573 (63) 

Unknown 3 (1) 1 70,836 (26) 

Education 2 23,077 (8) 

8th grade or less 8 (2) 3 + 8712 (3) 

9th-11th grade 23 (6) Clinical T status, n (%) 

High school graduate or GED 129 (33) T1a 3,073 (1) 

Post high school training, excluding college 58 (15) T1b 12,807 (5) 

Associate degree/some college 83 (21) T1c 18,561 (7) 

Bachelor’s degree 49 (13) T2a 27,926 (10) 

Graduate school 34 (9) T2b 17,662 (6) 

Unknown 8 (2) T3 44,984 (16) 

Cigarette smoker, n (%) T4 112,052 (41) 

Former 166 (42) Unknown 38,133 (14) 

Current 226 (58) Clinical N status, n (%) 

Pack years (median, IQR) 62 (45, 82) N0 49,987 (18) 

Family history of lung cancer, n (%) 109 (28) N1 25,342 (9) 

Clinical T status, n (%) N2 117,849 (43) 

T1a 3 (1) N3 48,824 (18) 

T1b 43 (11) Unknown 33,196 (12) 

T1c 41 (10) Clinical M status, n (%) 

T2a 53 (14) M0 108,160 (39) 

T2b 30 (8) M1 155,476 (56) 

T3 93 (24) Unknown 11,562 (4) 

T4 109 (28) Clinical stage, n (%) 

Unknown 20 (5) IIIA 53,850 (20) 

Clinical N status, n (%) IIIB 45,289 (16) 

N0 58 (15) IIIC 9021 (3) 

N1 34 (9) IV 167,038 (61) 

N2 208 (53) Tumor size (median, IQR), cm 4.5 (2.9, 6.5) 

N3 78 (20) Tumor location, n (%) 

Unknown 14 (4) Main bronchus 13,140 (5) 

Clinical M status, n (%) Right upper lobe 81,846 (30) 

M0 197 (50) Right middle lobe 10,446 (4) 

M1 185 (47) Right lower lobe 37,107 (13) 

Unknown 10 (3) Left upper lobe 62,525 (23) 

Clinical stage, n (%) Left lower lobe 29,118 (11) 

IIIA 127 (32) Bilateral 4624 (2) 

IIIB 65 (17) Unknown 36,392 (13) 

IIIC 11 (3) Histology, n (%) 

IV 189 (48) Adenocarcinoma 173,070 (63) 

( continued on next page ) 
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Table 1 ( continued ) 

NLST Patient Characteristic NLST Cohort( n = 392) NCDB Patient Characteristic NCDB Cohort( n = 275,198) 
Tumor size (median, IQR), cm 3.8 (2.5, 5.6) Squamous cell carcinoma 102,128 (37) 

Tumor location, n (%) Grade, n (%) 

Left lower lobe 46 (12) Well differentiated 8844 (3) 

Left upper lobe 88 (22) Moderately differentiated 54,040 (20) 

Right lower lobe 63 (16) Poorly differentiated 88,806 (32) 

Right middle lobe 23 (6) Undifferentiated 1541 (1) 

Right upper lobe 127 (32) Unknown 121,967 (44) 

Hilum 14 (4) Insurance status, n (%) 

Main stem bronchus 8 (2) Uninsured 12,389 (5) 

Other 23 (6) Private insurance/managed care 89,056 (32) 

Histology, n (%) Medicaid 22,609 (8) 

Adenocarcinoma 222 (57) Medicare 139,770 (51) 

Squamous cell carcinoma 170 (43) Other government insurance 4585 (2) 

Asthma, n (%) 33 (8) Unknown 6789 (2) 

Restrictive lung disease, n (%) 11 (3) Facility type, n (%) 

Bronchiectasis, n (%) 16 (4) Community Cancer Program 29,196 (11) 

Chronic bronchitis, n (%) 49 (13) Comprehensive Community Clinic 120,418 (44) 

COPD, n (%) 37 (9) Academic/Research Program 87,368 (32) 

Emphysema, n (%) 64 (16) Integrated Network Cancer Center 35,837 (13) 

Heart disease, n (%) 52 (13) Unknown 2379 (1) 

Hypertension, n (%) 126 (32) Facility volume, n (%) 

Stroke, n (%) 14 (4) First quartile (lowest volume) 15,586 (6) 

Diabetes, n (%) 38 (10) Second quartile 39,991 (15) 

Third quartile 72,999 (27) 

Fourth quartile (highest volume) 146,622 (53) 

Distance from hospital (median, IQR), miles 9.3 (4.1, 22.4) 

Income, a n (%) 

First quartile 61,639 (22) 

Second quartile 66,686 (24) 

Third quartile 63,719 (23) 

Fourth quartile 79,029 (29) 

Unknown 4125 (1) 

Education, b n (%) 

First quartile 62,897 (23) 

Second quartile 78,817 (29) 

Third quartile 76,264 (28) 

Fourth quartile 53,688 (20) 

Unknown 3532 (1) 

Treatment type, n (%) 

Surgery 35,760 (13) 

Chemotherapy alone 73,607 (27) 

Radiation alone 71,833 (26) 

Chemoradiation 87,655 (32) 

Immunotherapy 6343 (2) 

Year of diagnosis, (median, IQR) 2011 (2008, 2013) 

Abbreviation: CDCC = Charlson comorbidity score. 
a NCDB codes income level as average household income of the zip code where the patient lives. 
b NCDB codes education level as the number of adults age 25 or older in the patient’s zip code who did not graduate from high school. 
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Table 2 Kaplan Meier Overall Survival Estimates for each National Cancer Database. 
Propensity Score-Matched Subgroup Analysis. 

Survival Group/Characteristic EarlyTreatment DelayedTreatment Log-rank 
P -value 

Stage III adenocarcinoma 

IIIA: T4 N0 M0 or T3-4 N1 M0 – Surgery + Chemo n = 79 n = 79 

1-y survival (95% CI) 88% (78%, 94%) 89% (80%, 95%) 

3-y survival (95% CI) 68% (55%, 78%) 54% (41%, 66%) .33 

5-y survival (95% CI) 50% (36%, 63%) 44% (31%, 56%) 

Median survival (95% CI), mo 67.5 (41.6, 96.6) 42.7 (33.2, 68.9) 

IIIA: T1-2 N2 M0 – surgery n = 96 n = 96 

1-y survival (95% CI) 85% (79%, 91%) 91% (84%, 96%) 

3-y survival (95% CI) 59% (48%, 69%) 64% (53%, 74%) .98 

5-y survival (95% CI) 44% (32%, 55%) 46% (34%, 58%) 

Median survival (95% CI), mo 49.7 (35.6, 69.5) 51.7 (37.8, 78.2) 

IIIA: T4 N0 M0 or T3-4 N1 M0 – Chemoradiation n = 176 n = 176 

1-y survival (95% CI) 53% (45%, 60%) 57% (49%, 64%) 

3-y survival (95% CI) 22% (16%, 29%) 23% (17%, 30%) .34 

5-y survival (95% CI) 13% (8%, 19%) 16% (10%, 23%) 

Median survival (95% CI), mo 12.9 (10.4, 16.6) 15.8 (11.7, 19.6) 

IIIA: T1-2 N2 M0 – Chemoradiation n = 237 n = 237 

1-y survival (95% CI) 70% (64%, 76%) 69% (63%, 75%) 

3-y survival (95% CI) 39% (33%, 46%) 33% (26%, 39%) .21 

5-y survival (95% CI) 25% (19%, 32%) 18% (12%, 24%) 

Median survival (95% CI), mo 24.9 (20.1, 30.1) 20.7 (17.6, 24.0) 

IIIB: T1-2 N3 M0 – Chemoradiation n = 81 n = 81 

1-y survival (95% CI) 59% (48%, 69%) 73% (62%, 82%) 

3-y survival (95% CI) 27% (17%, 37%) 37% (26%, 49%) .03 

5-y survival (95% CI) 17% (8%, 28%) 22% (12%, 34%) 

Median survival (95% CI), mo 14.7 (10.4, 20.5) 24.1 (19.0, 34.2) 

IIIB: T3-4 N2 M0 – Chemoradiation n = 176 n = 176 

1-y survival (95% CI) 56% (48%, 63%) 62% (54%, 69%) 

3-y survival (95% CI) 26% (19%, 33%) 27% (20%, 35%) .49 

5-y survival (95% CI) 17% (11%, 24%) 18% (11%, 25%) 

Median survival (95% CI), mo 15.7 (11.9, 18.8) 18.4 (14.3, 24.5) 

IIIC: T3-4 N3 M0 – Chemoradiation n = 37 n = 37 

1-y survival (95% CI) 43% (27%, 58%) 62% (44%, 75%) 

3-y survival (95% CI) 11% (4%, 24%) 33% (18%, 48%) .18 

5-y survival (95% CI) 11% (4%, 24%) 11% (3%, 25%) 

Median survival (95% CI), mo 10.9 (6.3, 13.4) 16.9 (8.8, 32.1) 

Stage III squamous cell carcinoma 

IIIA: T4 N0 M0 or T3-4 N1 M0 – Surgery n = 58 n = 58 

1-y survival (95% CI) 84% (71%, 91%) 88% (76%, 94%) 

3-y survival (95% CI) 51% (37%, 64%) 53% (38%, 65%) .91 

5-y survival (95% CI) 46% (31%, 59%) 48% (33%, 61%) 

Median survival (95% CI), mo 43.7 (22.1, 96.6) 50.4 (23.8, 109.2) 

IIIA: T1-2 N2 M0 – Surgery n = 30 n = 30 

1-y survival (95% CI) 90% (72%, 97%) 86% (67%, 94%) 

3-y survival (95% CI) 53% (33%, 70%) 45% (26%, 63%) .29 

5-y survival (95% CI) 36% (18%, 54%) 23% (8%, 41%) 

Median survival (95% CI), mo 36.2 (24.3, 105.8) 25.1 (18.7, 45.1) 

( continued on next page ) 
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Table 2 ( continued ) 

Survival Group/Characteristic EarlyTreatment DelayedTreatment Log-rank 
P -value 

IIIA: T4 N0 M0 or T3-4 N1 M0 – Chemoradiation n = 223 n = 233 

1-y survival (95% CI) 52% (45%, 58%) 60% (53%, 66%) 

3-y survival (95% CI) 28% (22%, 34%) 27% (21%, 33%) .60 

5-y survival (95% CI) 15% (10%, 21%) 13% (8%, 19%) 

Median survival (95% CI), mo 13.0 (10.7, 17.8) 17.1 (12.6, 21.4) 

IIIA: T1-2 N2 M0 – Chemoradiation n = 171 n = 171 

1-y survival (95% CI) 62% (54%, 69%) 63% (55%, 70%) 

3-y survival (95% CI) 26% (19%, 33%) 27% (20%, 34%) .94 

5-y survival (95% CI) 16% (10%, 23%) 16% (10%, 23%) 

Median survival (95% CI), mo 18.0 (13.3, 20.7) 17.6 (13.5, 22.5) 

IIIB: T1-2 N3 M0 – Chemoradiation n = 48 n = 48 

1-y survival (95% CI) 62% (47%, 74%) 51% (36%, 64%) 

3-y survival (95% CI) 29% (17%, 43%) 17% (7%, 30%) .14 

5-y survival (95% CI) 20% (9%, 34%) 7% (2%, 19%) 

Median survival (95% CI), mo 14.8 (9.9, 28.9) 12.9 (8.2, 18.5) 

IIIB: T3-4 N2 M0 – Chemoradiation n = 323 n = 323 

1-y survival (95% CI) 53% (48%, 59%) 61% (55%, 66%) 

3-y survival (95% CI) 21% (16%, 26%) 23% (18%, 29%) .13 

5-y survival (95% CI) 11% (7%, 16%) 15% (10%, 20%) 

Median survival (95% CI), mo 13.8 (11.3, 16.0) 15.9 (13.8, 19.6) 

IIIC: T3-4 N3 M0 – Chemoradiation n = 55 n = 55 

1-y survival (95% CI) 47% (34%, 60%) 47% (34%, 60%) 

3-y survival (95% CI) 19% (10%, 30%) 25% (14%, 37%) .69 

5-y survival (95% CI) 17% (8%, 28%) 14% (5%, 26%) 

Median survival (95% CI), mo 11.4 (7.4, 17.3) 11.4 (7.5, 15.1) 

Stage IV adenocarcinoma 

IV: M1A – Chemotherapy ± surgery or radiation n = 201 n = 201 

1-y survival (95% CI) 54% (47%, 61%) 61% (53%, 67%) .02 

3-y survival (95% CI) 22% (16%, 28%) 36% (29%, 43%) 

5-y survival (95% CI) 11% (7%, 18%) 15% (9%, 23%) 

Median survival (95% CI), mo 13.7 (10.6, 16.5) 19.0 (15.1, 22.0) 

IV: M1B-C – Chemotherapy ± surgery or radiation n = 99 n = 99 

1-y survival (95% CI) 43% (39%, 46%) 48% (44%, 51%) .71 

3-y survival (95% CI) 16% (13%, 19%) 18% (15%, 21%) 

5-y survival (95% CI) 9% (6%, 12%) 9% (7%, 13%) 

Median survival (95% CI), mo 9.5 (8.5, 10.6) 11.2 (9.7, 12.4) 

Stage IV squamous cell carcinoma 

IV: M1A – Chemotherapy ± surgery or radiation n = 773 n = 773 

1-y survival (95% CI) 50% (40%, 59%) 48% (38%, 57%) .06 

3-y survival (95% CI) 20% (13%, 29%) 18% (11%, 27%) 

5-y survival (95% CI) 10% (4%, 18%) 9% (3%, 17%) 

Median survival (95% CI), mo 11.9 (8.7, 14.2) 11.1 (7.1, 14.4) 

IV: M1B-C – Chemotherapy ± surgery or radiation n = 177 n = 177 

1-y survival (95% CI) 39% (32%, 46%) 38% (30%, 45%) .52 

3-y survival (95% CI) 10% (5%, 16%) 14% (9%, 21%) 

5-y survival (95% CI) 8% (4%, 14%) 10% (5%, 16%) 

Median survival (95% CI), mo 8.1 (6.3, 9.8) 8.2 (6.7, 10.6) 

Abbreviation: CI = confidence interval. 
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Figure 1 Overall survival for propensity score-matched patients with non–small-cell lung cancer who received early (0-30 days 
after diagnosis) versus delayed (90-120 days after diagnosis) treatment for (A) stage IIIA, T4N0M0, or T3-T4N1M0, 
adenocarcinoma treated with lobectomy + adjuvant or induction chemotherapy with or without radiation, (B) stage IIIA, 
T1-T2N2M0, adenocarcinoma treated with lobectomy + adjuvant or induction chemotherapy with or without radiation, 
(C) stage IIIA, T4N0M0 or T3-T4N0M0, adenocarcinoma treated with concurrent chemoradiation, (D) stage IIIA, 
T1-T2N2M0, adenocarcinoma treated with concurrent chemoradiation, (E) stage IIIB, T1-T2N3M0, adenocarcinoma, (F) 
stage IIIB, T1-T2N3M0, adenocarcinoma treated with concurrent chemoradiation, (G) stage IIIC, T3-T4N3M0, 
adenocarcinoma treated with concurrent chemoradiation, (H) stage IIIA, T4N0M0, or T3-T4N1M0, squamous cell 
carcinoma treated with lobectomy + adjuvant or induction chemotherapy with or without radiation, (I) stage IIIA, 
T1-T2N2M0, squamous cell carcinoma treated with lobectomy + adjuvant or induction chemotherapy with or without 
radiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

For stage IV (M1A) patients with adenocarcinoma, delayed treat-
ment with curative intent chemotherapy was associated with better
survival ( Figure 2 F); whereas, for patients with stage IV (M1A)
squamous cell carcinoma, there was no difference in overall survival
between early versus delayed treatment ( Figure 2 G). For stage
IV (M1B-C) adenocarcinoma and squamous cell carcinoma, there
was no difference in overall survival between early versus delayed
curative-intent chemotherapy ( Figure 2 H-I). 
Cox Proportional Hazards Regression with Penalized 

Smoothing Splines 
Next, we used Cox proportional hazards regression to examine

the implications of delayed treatment for all-cause mortality in the
NLST and NCDB cohorts. Penalized smoothing splines were used
to capture nonlinearities in the relationship between days elapsed
from diagnosis to treatment and mortality. For this analysis, individ-
uals treated on the day of diagnosis represented the referent group.
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Figure 2 Overall survival for propensity score-matched patients with non–small-cell lung cancer who received early (0-30 days 
after diagnosis) versus delayed (90-120 days after diagnosis) treatment for (A) stage IIIA, T4N0M0 or T3-T4N0M0, 
squamous cell carcinoma treated with concurrent chemoradiation, (B) stage IIIA, T1-T2N2M0, squamous cell 
carcinoma treated with concurrent chemoradiation, (C) stage IIIB, T1-T2N3M0, squamous cell carcinoma, (D) stage 
IIIB, T1-T2N3M0, squamous cell carcinoma treated with concurrent chemoradiation, (E) stage IIIC, T3-T4N3M0, 
squamous cell carcinoma treated with concurrent chemoradiation, (F) stage IV, M1A, adenocarcinoma treated with 
curative intent chemotherapy, (G) stage IV, M1A, squamous cell carcinoma treated with curative intent chemotherapy, 
(H) stage IV, M1B-M1C, adenocarcinoma treated with curative intent chemotherapy, (I) stage IV, M1B-M1C, squamous 
cell carcinoma treated with curative intent chemotherapy. 
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Results stratified by stage and guideline-concordant treatment corre-
sponding to that stage are shown in Figure 3 A-D. 

In both the NLST and NCDB cohort, for stage III and stage IV
adenocarcinoma and squamous cell carcinoma, the HR decreased
steadily with greater time elapsed from diagnosis to treatment as
compared with individuals treated the same day as their diagnosis. 

Secondary Analysis 
As a secondary analysis, we repeated the Cox proportional hazards

regression with penalized splines for subgroups defined by substage,
Clinical Lung Cancer September 2022 
histologic subtype, and guideline-concordant treatment within the
NCDB cohort ( Figures 4-5 ). The pattern observed in mortality
risk with time elapsed from diagnosis to treatment within these
subgroups is largely consistent with those seen in the subgroups
assessed in the primary analysis defined only by stage and histologic
subtype. 

Sensitivity Analysis 
In Figure 3 E-F, we present the results from the sensitivity analysis

in which stage IV patients who received very early or very delayed
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Figure 3 National Cancer Database (NCDB) and National Lung Screening Trial (NLST) multivariable Cox regression analysis with 
a penalized smoothing spline function for time elapsed from diagnosis to treatment for (A) NCDB stage III patients 
treated with lobectomy + adjuvant or induction chemotherapy with or without radiation or treated with concurrent 
chemoradiation, (B) NLST stage III patients treated with lobectomy + adjuvant or induction chemotherapy with or 
without radiation or treated with concurrent chemoradiation, (C) NCDB stage IV patients treated with chemotherapy ±
surgery, radiation, or immunotherapy, (D) NLST stage IV patients treated with chemotherapy ± surgery or radiation, 
(E) sensitivity analysis: NCDB stage IV patients treated with chemotherapy ± surgery, radiation, or immunotherapy 
excluding patients whose time to treatment was < 10th and > 90th percentile, (F) sensitivity analysis: NLST stage IV 

patients treated with chemotherapy ± surgery, radiation, or immunotherapy excluding patients whose time to 
treatment was < 10th and > 90th percentile. 
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Figure 4 Multivariable Cox regression analysis with a penalized smoothing spline function for time elapsed from diagnosis to 
treatment for (A) stage IIIA, T4N0M0 or T3-T4N1M0, adenocarcinoma treated with lobectomy + adjuvant or induction 
chemotherapy with or without radiation, (B) stage IIIA, T1-T2N2M0, adenocarcinoma treated with 
lobectomy + adjuvant or induction chemotherapy with or without radiation, (C) stage IIIA, T4N0M0 or T3-T4N0M0, 
adenocarcinoma treated with concurrent chemoradiation, (D) stage IIIA, T1-T2N2M0, adenocarcinoma treated with 
concurrent chemoradiation, (E) stage IIIB, T1-T2N3M0, adenocarcinoma, (F) stage IIIB, T1-T2N3M0, adenocarcinoma 
treated with concurrent chemoradiation, (G) stage IIIC, T3-T4N3M0, adenocarcinoma treated with concurrent 
chemoradiation, (H) stage IIIA, T4N0M0 or T3-T4N1M0, squamous cell carcinoma treated with lobectomy + adjuvant 
or induction chemotherapy with or without radiation, (I) stage IIIA, T1-T2N2M0, squamous cell carcinoma treated with 
lobectomy + adjuvant or induction chemotherapy with or without radiation. 
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treatment ( < 10th percentile or > 90th percentile) were excluded.
The results from our sensitivity analysis are generally consistent with
the results from our primary analysis. 

LASSO Analysis 
For stage III and stage IV lung cancer, the binary logistic LASSO

regression model we developed represents a high-fidelity model, as
determined by the AUROC, 44 for determining long-term survival
Clinical Lung Cancer September 2022 
(ie, ≥30.8 months posttreatment for stage III lung cancer and
≥15.5 months posttreatment for stage IV lung cancer) for all
patients, patients with no treatment delay, and patients with treat-
ment delay. For the entire study cohort, the most important features
by magnitude of estimate are surgery (2.52 increase in log odds for
stage III lung cancer and 2.22 increase in log odds for stage IV lung
cancer), chemotherapy (1.72 increase and 2.79 increase), and radia-
tion (0.66 increase and 0.36 increase) with a mean testing AUROC
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Figure 5 Multivariable Cox regression analysis with a penalized smoothing spline function for time elapsed from diagnosis to 
treatment for (A) stage IIIA, T4N0M0, or T3-T4N0M0, squamous cell carcinoma treated with concurrent chemoradiation, 
(B) stage IIIA, T1-T2N2M0, squamous cell carcinoma treated with concurrent chemoradiation, (C) stage IIIB, 
T1-T2N3M0, squamous cell carcinoma, (D) stage IIIB, T1-T2N3M0, squamous cell carcinoma treated with concurrent 
chemoradiation, (E) stage IIIC, T3-T4N3M0, squamous cell carcinoma treated with concurrent chemoradiation, (F) 
stage IV, M1A, adenocarcinoma treated with curative intent chemotherapy, (G) stage IV, M1A, squamous cell 
carcinoma treated with curative intent chemotherapy, (H) stage IV, M1B-M1C, adenocarcinoma treated with curative 
intent chemotherapy, (I) stage IV, M1B-M1C, squamous cell carcinoma treated with curative intent chemotherapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of 0.81 for stage III lung cancer and mean testing AUROC of 0.84
for stage IV lung cancer ( Figure 4 ). In contrast, timing of treatment
was not as important (0.49 increase in log odds for stage III lung
cancer and 1.00 increase in log odds for stage IV lung cancer). 

Discussion 

In this study, we analyzed data from the NLST and NCDB to
examine the impact of delayed cancer treatment on the survival
of patients with clinical stage III-IV NSCLC. To our knowledge,
this study is the first to evaluate the relationship between timing
of treatment and survival, as well as the impact of extended delays
( > 3 months) of treatment by each substage of stage III-IV
NSCLC and by specific histologic subtype (ie, adenocarcinoma and
squamous cell carcinoma). Prior studies evaluating the timing of
treatment on survival have mostly focused on assessing delays to
treatment of up to 8 weeks 39 , 42 , 45-47 and have not studied effects
within strata defined more precisely by substage and/or by histo-
logic subtype. As a result, these previous studies are less relevant
for decision-making regarding extended delays for cancer treat-
ment per clinical guidelines and for practice in the setting of the
Clinical Lung Cancer September 2022 e373 
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Figure 6 (A) The mean area under the receiver operating characteristic (AUROC), P -value, and 95% confidence intervals for 
training data of the least absolute shrinkage and selection operator (LASSO) model, from left to right, of all stage III 
patients, of stage III patients receiving early treatment (0 - 30 days after diagnosis), and of stage III patients receiving 
delayed treatment (90-120 days after diagnosis). (B) A heatmap of LASSO coefficients for the LASSO model, from top to 
bottom, for stage III patients who received early treatment, all stage III patients, and stage III patients who received 
delayed treatment. (C) The mean AUROC, P -value, and 95% confidence intervals for training data of the LASSO model, 
from left to right, of all stage IV patients, of stage IV patients receiving early treatment (0-30 days after diagnosis), and 
of stage IV patients receiving delayed treatment (90-120 days after diagnosis). (D) A heatmap of LASSO coefficients for 
the LASSO model, from top to bottom, for stage IV patients who received early treatment, all stage IV patients, and 
stage IV patients who received delayed treatment. 
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current COVID-19 pandemic. Collectively, our results suggest that
extended delay to treatment for patients with stage III-IV NSCLC
is not associated with significantly worse overall survival. 

We first compared the cumulative survival in patients who
received “early” treatment to a matched sample of otherwise similar
patients who received “delayed” treatment in strata defined by stage
and substage of lung adenocarcinoma and squamous cell carci-
noma. For stage III-IV lung adenocarcinoma and squamous cell
carcinoma, we found either no significant difference in cumulative
survival or, unexpectedly, evidence of worse survival in the “early”
versus “delayed” treatment groups in our propensity-score matched
analysis. 

Next, we performed multivariable Cox regression analyses with
penalized smoothing splines for these specific substages and found
also paradoxical trajectories (ie, longer delays in care were associated
with better survival). Of note, studies from Australia, 42 Canada, 39 

Finland, 40 Sweden, 41 and the U.S. 38 have similarly found shorter
treatment delay to be associated with worse survival, which has been
termed “wait time bias.”43 We examined the potential influence of
“wait time bias” in the present study by repeating our main analy-
sis for stage IV patients but with exclusion of individuals treated
very early and very late. In this sensitivity analysis, we found similar
trends as seen in our main analysis. 

One interpretation of these unexpected findings is that, for stage
III-IV NSCLC, extended delays to treatment by 3-4 months may
be acceptable. However, it is important to recognize that the present
analysis is conditional on treatment (ie, only individuals who under-
went guideline-concordant treatment for NSCLC are included).
Without complete information on individuals who are diagnosed
with NSCLC but never treated, it is impossible to ascertain whether
our findings are truly unbiased. Moreover, under no circumstances
should the results from the present study be used to motivate
extended delays in care for patients with advanced lung cancer
nor justify untimely authorization of care by insurance companies.
Nonetheless, they may provide some reassurance to patients who did
not receive expeditious treatment during the COVID-19 pandemic
or must delay care for any number of personal reasons during non-
pandemic times. 

Finally, our LASSO regression models indicate that any form of
treatment following diagnosis of stage III and IV lung cancer is criti-
cal to impacting patient survival and outweighs delay in treatment
in its impact. Whether a patient received treatment in a timely or
delayed fashion is of lesser significance than if the patient received
treatment at all. 

Limitations 
We used the NLST and NCDB data sources for the present study.

The exposure was not randomized in either study population; there-
fore, the results presented here are subject to residual confound-
ing. The NLST was a randomized controlled trial, and since trials
typically have stringent inclusion and exclusion criteria to bolster
internal validity, findings from the NLST may not be generalizable
to all lung cancer patients. The NCDB includes an estimated 80%
of all lung cancer diagnoses in the U.S., 29 and the findings from its
study population are likely much more generalizable. However, one
advantage of the NLST is that data were prospectively collected and
include high-quality information about patient comorbidities. 

Although we used multivariable analysis and propensity score-
matching to reduce bias, important covariates such as pulmonary
function data and surgeon experience are not available in the
NCDB. Data on EGFR tyrosine kinase inhibitor utilization, which
began in 2007 in the midst of our study period, are also not avail-
able. However, the NCDB does have co-morbidity scores, and the
NLST has detailed co-morbidity data, including data on obstruc-
tive and restrictive lung diseases and smoking history, that we used
in our analyses. 

Cancer-specific, recurrence-free, and disease-free survival are not
recorded in the NCDB. Finally, our results are not necessarily gener-
alizable to other histologic subtypes other than adenocarcinoma and
squamous cell carcinoma. 

Conclusion 

During the COVID-19 pandemic, hospitals around the world
may be forced to delay and postpone cancer treatment to preserve
limited resources. Evidence regarding the impact of extended
delayed treatment is critically needed to inform national guide-
lines. 48 , 49 The results from this national analysis demonstrate that
extended delay to treatment, by 3-4 months, of advanced-stage lung
adenocarcinoma and squamous cell carcinoma is not associated with
worse overall survival. These findings can be used to provide reassur-
ance to patients with stage III-IV disease who are unable to receive
immediate care in areas of substantial SARS-CoV-2 transmission
and to guide decision-making for administrators and public health
officials during the ongoing COVID-19 pandemic and other future
pandemic waves. 

Clinical Practice Points 
During the COVID-19 pandemic, hospitals may postpone cancer

operations or delay systemic cancer treatment to preserve limited
resources and decrease the risk of nosocomial transmission. The
impact of extended delays in treatment for patients with stage
III and stage IV lung cancer is unclear. Although past research
has evaluated timeliness of care, previous studies did not assess
the survival outcomes associated with extended treatment delays
currently proposed by medical societies. In this national analy-
sis of the National Lung Screening Trial and National Cancer
Database, we found that, for patients with stage III-IV adenocarci-
noma and squamous cell carcinoma, an extended treatment delay by
3-4 months was not associated with significantly decreased overall
survival compared to prompt treatment. To our knowledge, this
study is the first to evaluate the relationship between timing of
treatment and survival, as well as the impact of extended delay to
treatment by each substage of stage III-IV NSCLC and by specific
histologic subtype. These findings can be used to provide reassur-
ance to patients with stage III-IV disease who are unable to receive
immediate care in areas of substantial SARS-CoV-2 transmission
and to guide decision-making for administrators and public health
officials during the ongoing COVID-19 pandemic and other future
pandemic waves as services are re-integrated. 
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