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Background: Hypofractionated radiotherapy in locally advanced limited-stage small cell lung cancer is
preferred in many Western countries but not used regularly in the United States. We examined practice
patterns and overall survival with definitive hypofractionated radiotherapy and chemotherapy vs. standard
radiotherapy in this setting.

Methods: We included patients in the National Cancer Database with unresected primary stage II-III small
cell lung cancer in 2008-2016 who underwent chemotherapy within six months of either hypofractionated
radiotherapy (40-45 Gy/15 fractions) or standard radiotherapy (45 Gy/30 fractions or 60-70 Gy
/30-35 fractions) in this retrospective cohort study. Patient characteristics were assessed with univariable and
multivariable logistic regression. Kaplan-Meier estimator, log-rank test, and multivariable Cox regression
were used to evaluate overall survival. Propensity score matching (PSM) was performed as a sensitivity
analysis. Early concurrent chemotherapy consisted of radiotherapy and chemotherapy initiated within
30 days of each other.

Results: Seven thousand and one hundred forty-three patients were included: 97.9% received standard
radiotherapy and 2.1% hypofractionated radiotherapy. Multivariable analysis on the whole cohort yielded
comparable overall survival (HR for hypofractionated radiotherapy 1.09, CI: 0.90-1.32, P=0.37). On PSM
(N=292), median overall survival was similar between standard radiotherapy [22.9 months (95% CI: 18.2—
30.4 months)] vs. hypofractionated radiotherapy [21.2 months (CI: 16.3-24.7 months); P=0.13]. Overall
survival was shorter with hypofractionated radiotherapy in the early concurrent chemotherapy subset (15.8
vs. 22.1 months, P=0.007) and longer with hypofractionated radiotherapy in the non-early concurrent
chemotherapy subset (29.5 vs. 18.5 months, P=0.027).

Conclusions: Overall survival with hypofractionated radiotherapy appears similar to standard radiotherapy
in locally advanced limited-stage small cell lung cancer. Chemotherapy timing may modify the effect of
fractionation on overall survival, though larger numbers must confirm. Hypofractionated radiotherapy may

be considered in those unable to receive early concurrent chemotherapy.
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Introduction

Current management of inoperable locally advanced
limited-stage small cell lung cancer (LS-SCLC) may
include standard radiation therapy (RT) consisting of high-
dose conventionally fractionated RT (CFRT) or accelerated
RT in addition to chemotherapy (1). Early concurrent
chemoradiation (RT initiated with the first or second
cycle of chemotherapy) has been associated with superior
outcomes in this setting (2). Several fractionation schedules
for locally advanced LS-SCLC have been explored. Among
these, accelerated RT with 45 Gy in 30 twice-daily fractions
of 1.5 Gy remains the standard of care in the United States
following the Turrisi trial, although overall survival (OS) is
similar to 66 Gy in 33 fractions in the CONVERT trial and
to 70 Gy in 35 fractions in the Radiation Therapy Oncology
Group (RTOG) 0538/Cancer and Leukemia Group B
(CALGB) 30610 trial (3-5).

There has been increasing interest in hypofractionated
RT (HFRT) in locally advanced LS-SCLC, particularly
during the Coronavirus Disease 2019 (COVID-19)
pandemic to minimize exposure and resource utilization (6).
Additionally, HFRT is likely more convenient for patients
and less expensive than standard RT. Although there is
some limited data in the United States for HFRT with
45-60 Gy in 15 fractions for non-small cell lung cancer
(NSCLCQC), HFRT for locally advanced LS-SCLC has not
yet been used with regularity in the United States (7,8).
In contrast, HFRT is frequently used in other Western
countries and is the most common regimen in Canada
and the United Kingdom (9). While there is no precise
definition for HFRT, HFRT in stage II-III SCLC most
often consist of 40-45 Gy in 15 fractions (9). Importantly,
HFRT with this regimen has been shown to result in similar
median progression-free survival (PFS) and similar toxicity
compared to accelerated RT in a randomized phase II trial
in LS-SCLC, although HFRT was associated with a non-
significant decrease in OS (10).

Additionally, some smaller institutional studies have found
comparable or occasionally improved locoregional control
and/or survival without significantly increased toxicity with
HFRT compared to standard RT in this setting (11-19).
However, the data in this setting is limited, particularly in
US populations. Given the logistic and possibly economic
benefits of HFRT as well as the promising results from
limited existing data, we conducted a large national database
analysis to determine whether HFRT with 40-45 Gy in
15 fractions is being applied differently among various
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subpopulations and is associated with similar OS compared
to standard RT in this setting. We also aimed to elucidate
whether the timing of chemotherapy modifies the effect
of fractionation schedule on OS among patients in this
setting. We present the following article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1566/rc).

Methods
Patient selection

A total of 7,143 patients identified from the National
Cancer Database (NCDB), which contains hospital registry
data from more than 1,500 Commission on Cancer-
accredited facilities, were included in this retrospective
cohort study (20). Jointly maintained by the American
Cancer Society and American College of Surgeons, this
clinical oncology outcomes database captures more than
70% of newly diagnosed cases in the United States (21). All
patients were diagnosed between 2008-2016 with primary
locally advanced LS-SCLC (stage II-III) according to the
American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) staging guidelines
based on year of diagnosis (6" edition for patients diagnosed
in 2008-2009, and 7™ edition for patients diagnosed in
2010-2016). Patients with stage I disease were excluded
due to radiotherapy treatment primarily with stereotactic
body radiotherapy, which is beyond the scope of this study.
The NCDB does not contain variables to indicate positron
emission tomography (PET) staging, magnetic resonance
imaging (MRI) brain staging, or invasive mediastinal
staging. We used the NCDB variables for clinically
determined T stage, N stage, M stage, overall TNM stage,
and site-specific metastasis to select for patients with stage
II-IIT disease. All patients underwent external beam RT
(either standard RT or HFRT) and received chemotherapy
initiated within six months of the start of RT. Patients who
received surgery were excluded as were those with unknown
vital status. Figure 1 shows complete exclusion criteria. This
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). As all patient information
was de-identified, this study was exempt from institutional
review board approval (Yale) and informed consent.

Variable definitions

Standard RT was defined as either 45 Gy in 30 fractions
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Primary Stage II-ll SCLC
(N=56,421)
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Excluded (N=49,278):

- Diagnosed before 2008 or after 2016
(N=18,750)

- Histology not confirmed by biopsy or
cytology (N=331)

A

Final cohort
(N=7,143)

~

- Underwent surgical resection (N=1,092)

- Did not receive chemotherapy (N=6,019)

- Chemotherapy and radiation not initiated
within 6 months of each other (N=6,953)

- Did not receive external beam radiation
(N=199)

- Received radiation to location other than
lung/bronchus/chest (N=1,761)

- Radiation regimen #40-45 Gy in 15 fractions,
45 Gy in 30 fractions, or 60-70 Gy

Y

(N=151) (N=6,992)

HFRT [45 Gy in 15 fractions] Standard RT in 30-35 fractions (N=14,173)

/

45 Gy in 30 fractions
(N=1,845)

60-70 Gy in 30-35 fractions
(N=5,147)

Figure 1 Exclusion criteria used in creating patient cohort.

(the standard of care per the Turrisi trial) 60-70 Gy in
30-35 fractions (to capture both 66 Gy in 33 fractions
per the CONVERT trial and 70 Gy in 35 fractions per
the RTOG 0538/CALGB 30610 trial) (3-5). HFRT was
defined as 40—45 Gy in 15 fractions, as this represents one
of the most commonly utilized hypofractionated schedules
in Western countries (9). Chemotherapy was characterized
as either early concurrent (RT and chemotherapy initiated
within 30 days of each other) or as non-early concurrent
(RT and chemotherapy initiated greater than 30 days
apart), given the National Comprehensive Cancer Network
(NCCN) recommendation for RT to be started “early” with
the first or second cycle of systemic therapy (2).

Greater circle distance (proximity of patient residence
to reporting facility based on patient and facility zip codes)
was categorized into less than or equal to ten miles (the
median in our cohort), greater than ten miles, or unknown.
The NCDB estimates median household income by
area of residence; we categorized by the median for this
variable based on the year of diagnosis. For the rural-
urban continuum variable, NCDB classifies metropolitan
areas by population size and urban/rural areas by degree
of urbanization and proximity to metro counties. We
categorized this variable as metropolitan counties with
a population of 250,000 or more, other areas (including
metropolitan counties with a population of less than
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250,000, urban counties, or rural counties), or not available.
Data on Medicaid expansion state status, facility type, and
facility location were suppressed for patients aged 0-39 in
the NCDB. Medicaid expansion state status was classified
into expansion states {including early [2010-2013], January
2014, and late (after January 2014) expansion states},
non-expansion states, or suppressed. Regarding facility
characteristics, academic facilities included National Cancer
Institute (NCI) designated comprehensive cancer centers
while non-academic facilities included Community Cancer,
Comprehensive Community Cancer, and Integrated
Network Cancer Programs.

Statistical analysis

Chi-square, Fisher’s exact test, and analysis of variance
(ANOVA) were used in performing univariable analysis
(UVA) to evaluate sociodemographic and clinicopathologic
variables associated with receipt of HFRT. Variables with
P<0.2 on chi-square analysis were included in multivariable
logistic regression analysis (multivariable analysis = MVA),
which was performed using manual backwards stepwise
selection with a P value threshold of 0.2. Goodness-of-
fit testing was used to evaluate the multivariable logistic
regression models.

Propensity score matching (PSM) analysis was
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performed as a sensitivity analysis to reduce the effect of
possible known confounders on OS outcomes. Potential
confounders were selected # priori based on clinical
judgement rather than statistical significance (22). These
variables, which were used in the logistic regression model
to estimate propensity scores, included age, race/ethnicity,
presence of comorbidities, timing of chemotherapy receipt
(for the PSM analysis involving the whole cohort), overall
TNM stage, and facility type. Patients with unknown values
for any of these covariates were excluded prior to estimating
the propensity scores. We used propensity scores to perform
1-to-1 nearest neighbor matching without replacement
using a caliper distance of 20% of the standard deviation of
the logit of the propensity score (23). Balance of distribution
for each of the covariates included in the propensity score
logistic regression model was assessed with standardized
percentage bias between the treated and control groups in
the matched cohort; a standardized bias of less than 5% was
considered to be acceptable balance on the covariate (24).

We performed survival analysis in both our original,
non-matched cohort as well as our PSM cohort. OS was
calculated with the Kaplan-Meier estimator. Survival
differences were compared with the log-rank test for
non-matched patients and the stratified log-rank test for
matched patients (22). For non-matched (all) patients, we
used both univariable Cox regression and multivariable
Cox regression including those variables that were used
in the PSM as covariates. Additionally, two interaction
terms were included in the original multivariable Cox
models for non-matched patients: one for the interaction
between fractionation and timing of chemotherapy, and a
separate one for the interaction between fractionation and
TNM stage. We used univariable Cox proportional hazard
(PH) regression stratified by matched pairs to assess the
impact of fractionation on OS in our PSM cohorts (25,26);
multivariable Cox regression was additionally performed for
matched pairs if any of the covariates used in matching had
a standardized bias >5% after PSM in order to adjust for
residual confounding using a doubly robust approach (27).
Potential violations of the PH assumption were tested
using Schoenfeld residuals. Covariates that did not meet
PH assumption were stratified on; interaction terms that
violated the PH assumption were removed from the model.
Statistical significance for all analyses was defined as P<0.05.
Stata/SE 15.1 software was used to perform all statistical
analyses.

Subset analysis was performed to assess whether the
timing of chemotherapy influenced the effect of RT
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fractionation schedule on survival outcomes. The analyses
mentioned above were performed in the subset of patients
who received early concurrent chemotherapy, as well as
separately in the subset of patients who received non-early
concurrent chemotherapy. We also performed sensitivity
analysis using a cutoff of 60 days rather than 30 days
between the start of RT and the start of chemotherapy to
distinguish early concurrent chemotherapy from non-early
concurrent chemotherapy.

Results
Patient characteristics

The median age in our entire cohort was 64 years
[interquartile range (IQR), 57-71 years], and a majority
of patients were female (N=4,023; 56.3%). Of the
7,143 patients with primary locally advanced LS-SCLC
included in our study, 6,992 (97.9%) underwent standard
RT and 151 (2.1%) underwent HFRT. Among those who
underwent standard RT, 1,845 (25.8%) received 45 Gy
in 30 fractions, and 5,147 (72.1%) received 60-70 Gy in
30-35 fractions; 758 (10.6%) patients in our non-matched
cohort received 66 Gy in 33 fractions, and 276 (3.9%)
patients received 70 Gy in 35 fractions. The median number
of days from diagnosis to the start of RT and from diagnosis
to the start of chemotherapy were 42 days (IQR, 28-64)
and 22 days (IQR, 13-35) for those who received standard
RT and 63 days (IQR, 38-131) and 21 days (IQR, 13-34)
for those who received HFRT, respectively. The majority
of patients in our cohort underwent early concurrent
chemotherapy (N=5,137; 71.9%). The proportion of
patients who underwent early concurrent chemotherapy was
significantly increased in the standard RT group compared to
HFRT group (72.4% vs. 47.7%, P<0.001). Most patients had
stage III disease (N=6,089; 85.2%). Data on tumor location
beyond laterality was unavailable for our cohort in the
database. Table S1 shows patient, pathologic, and treatment
characteristics for all patients. All supplementary materials
can be found in the supplementary appendix online.

Factors associated with receipt of bypofractionated RT

On MVA including the entire cohort, factors statistically
significantly associated with receipt of HFRT compared to
standard RT included belonging to a Medicaid expansion
state [odds ratio (OR) 2.24, confidence interval (CI):
1.49-3.37, P<0.001], living in a metropolitan area with
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Figure 2 Overall survival comparison with 60 months follow-up by type of radiation received. (A) Overall survival comparison between

standard radiation (standard RT) vs. hypofractionated radiation therapy (HFRT) among the whole cohort (N=7,143). (B) Overall survival

comparison between standard radiation (standard RT) vs. hypofractionated radiation therapy (HFRT) among the propensity score matched

cohort (N=292).

250,000+ residents (OR 1.61, CI: 1.05-2.44, P=0.027),
receipt of non-early concurrent chemotherapy (OR 3.05,
CI: 2.19-4.24, P<0.001), N1 (OR 2.70, CI: 1.14-6.35,
P=0.023) or N3 (OR 2.51, CI: 1.10-5.72, P=0.029) nodal
status, treatment at an academic facility (OR 3.85, CIL:
2.70-5.56, P<0.001), and treatment at a non-East coast
facility (OR 1.80, CI: 1.26-2.56, P=0.001) (Table S2).
Among the subset of patients who received early concurrent
chemotherapy, HFRT was significantly associated with
male sex, belonging to a Medicaid expansion state, living
in a metropolitan area with 250,000+ population, N3 nodal
status, treatment at an academic facility, and treatment at a
non-East Coast facility on MVA. On MVA in the group of
patients who received non-early concurrent chemotherapy,
Medicaid expansion state status and treatment at an
academic facility were significantly associated with receipt
of HFRT. Characteristics of patients receiving HFRT vs.
standard RT in the early concurrent chemotherapy and
non-early concurrent chemotherapy subsets are provided in
"Tables S3,54, respectively.

Survival outcomes in all patients and matched cobort

Among the entire cohort (N=7,143), median follow-up
times for those who received standard RT and HFRT were
52.7 (CI: 51.2-54.5) and 55.9 (CI: 43.9-71.6) months,
respectively. There was no significant difference in median
OS between those who received standard RT vs. HFRT on
either UVA [21.2 months (CI: 20.6-21.6) vs. 19.8 months
(CL: 16.3-23.7), log-rank P=0.56; HR 1.06, CI: 0.88-1.27,
P=0.56] or MVA (HR 1.09, CI: 0.90-1.32, P=0.37) in
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all patients. On MVA, comorbidity score, TNM stage,
and the interaction between fractionation schedule and
chemotherapy timing violated the PH assumption; both
interaction terms were removed from the final MVA model,
which was stratified by comorbidity score and TNM stage.
On sensitivity analysis involving the PSM cohort
(N=292), median follow-up time for patients who received
standard RT was 59.7 months (CI: 43.1-77.0 months)
compared to 56.6 months (CI: 43.9-71.6 months) in patients
who received HFRT. There was no significant difference in
OS based on fractionation schedule in this matched cohort.
Median OS was 22.9 months (CI: 18.2-30.4 months)
in patients who received standard RT wvs. 21.2 months
(CI: 16.3-24.7 months) in those who received HFRT
(stratified log-rank P=0.13). Univariable Cox regression
stratified by matched pairs yielded a HR of 1.30 (CI:
0.92-1.85), although this was non-significant (P=0.14).
Multivariable Cox regression was additionally performed for
this matched cohort including the covariates age and race/
ethnicity (as both these variables had residual standardized
bias >5% after matching), which yielded a HR 1.35 (CI:
0.94-1.93, P=0.10). Figure 24,2B and Table 1 display survival
data for the whole cohort and PSM cohort, respectively.

Survival outcomes in early concurrent and non-early
concurvent chemotherapy subsets

Among the non-matched subset of patients who received
early concurrent chemotherapy (N=5,137), OS was also
longer in those who underwent standard RT (N=5,065)
compared to HFRT (N=72). This difference was statistically
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Table 1 Univariable and multivariable Cox regression analysis for variables potentially associated with overall survival in non-matched (all)

patients (N=7,143) and matched patients (N=292)

Univariable Multivariable
Variable
HR (95% Cl) P HR (95% Cl) P
Fractionation (non-matched)
Standard RT 1 [Reference] NA 1 [Reference] NA
HFRT 1.06 (0.88-1.27) 0.56 1.09 (0.90-1.32) 0.37
Fractionation (matched)’

Standard RT 1 [Reference] NA 1 [Reference] NA
HFRT 1.30 (0.92-1.85) 0.14 1.35 (0.94-1.93) 0.1
Age (years) 1.02 (1.02-1.02) <0.001 1.02 (1.02-1.02) <0.001

Race/ethnicity
White non-Hispanic 1 [Reference] NA 1 [Reference] NA
Other 0.92 (0.85-1.01) 0.075 0.94 (0.86-1.02) 0.15
Unknown 1.00 (0.87-1.15) 0.995 1.01 (0.88-1.16) 0.9
Comorbidity score § §
0 1 [Reference] NA
1+ 1.25(1.18-1.32) <0.001
Concurrent chemotherapy
Early concurrent 1 [Reference] NA 1 [Reference] NA
Non-early concurrent 1.21 (1.14-1.28) <0.001 1.14 (1.07-1.21) <0.001
Fractionation and concurrent chemotherapy 1 1
All base combinations 1 [Reference] NA
HFRT and non-early concurrent 0.52 (0.36-0.75)* 0.001
TNM stage § §
I 1 [Reference] NA
11l 1.24 (1.15-1.34) <0.001
Fractionation and TNM stage | i
All base combinations 1 [Reference] NA
HFRT and Il 1.14 (0.62-2.08)" 0.67
Facility type
Academic 1 [Reference] NA 1 [Reference] NA
Non-academic 1.27 (1.20-1.35) <0.001 1.24 (1.17-1.32) <0.001
Suppressed 0.76 (0.51-1.13) 0.17 1.38 (0.92-2.06) 0.12

T, Cox regression stratified by matched pairs; ¥, HR indicates OS associated with the interaction term in a model containing the interaction
term and both variables that form the term; %, final MVA model stratified by comorbidity score and TNM stage; ", interaction terms not
included in final MVA model. HR, hazard ratio; Cl, confidence interval; RT, radiation therapy; HFRT, hypofractionated radiation therapy.
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Figure 3 Overall survival comparison with 60 months follow-up by type of radiation received among patients who underwent early

concurrent chemotherapy. (A) Overall survival comparison between standard radiation (standard RT) vs. hypofractionated radiation

therapy (HFRT) among the non-matched subset of patients who received early concurrent chemotherapy (N=5,137). (B) Overall survival

comparison between standard radiation (standard RT) vs. hypofractionated radiation therapy (HFRT) among the propensity score matched

subset of patients who received early concurrent chemotherapy (N=138).

significant on both UVA [22.1 months (CI: 21.5-23.0) vs.
15.8 months (CI: 13.9-19.3), log-rank P=0.007; HR 1.44,
CI: 1.10-1.86, P=0.007] and MVA (HR 1.50, CI: 1.16-1.96,
P=0.002). Median follow-up times for those who received
standard RT and those who received HFRT among all
patients in the early concurrent chemotherapy subset were
51.2 (CI: 49.2-52.8) and 53.3 (CI: 37.1-71.2) months,
respectively. Among the matched subset of patients who
received early concurrent chemotherapy (N=138), OS was
numerically longer in those who received standard RT
compared to HFRT [19.1 (CI: 15.4-24.8) vs. 16.0 (CL: 13.5-
19.3) months], although this difference was not statically
significant (stratified log-rank P=0.20). Univariable Cox
regression yielded a HR of 1.4 (CI: 0.84-2.34, P=0.20).
Multivariable Cox regression was additionally performed for
this matched subset including the covariate race/ethnicity
(as this variable had residual standardized bias >5% after
matching), which yielded a HR 1.32 (CI: 0.79-2.22,
P=0.30). In this matched early concurrent chemotherapy
subset, median follow-up times were 45.5 (CI: 32.3-77.0)
months for patients who received standard RT and 47.5
(CIL: 32.1-74.7) months for patients who received HFRT.
Figure 34,3B and Table 2 display survival data for the non-
matched and matched groups of patients who received early
concurrent chemotherapy, respectively.

In contrast, among non-matched patients who received
non-early concurrent chemotherapy (N=2,006), standard
RT (N=1,927) was significantly associated with numerically
shorter OS compared HFRT (N=79) on UVA [18.5 months
(CI: 17.4-19.5) vs. 29.5 months (CI: 19.7-37.7), log-rank
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P=0.027; HR 0.74, CI: 0.57-0.97, P=0.028], although this
finding was non-significant on MVA (HR 0.81, CIL: 0.62-
1.06, P=0.12). The median follow-up times in the non-
matched non-early concurrent chemotherapy subset were
59.8 (CI: 55.7-65.1) and 62.8 (CI: 41.1-79.5) months for
patients who received standard RT and HFRT, respectively.
Among the matched subset of patients who received non-
early concurrent chemotherapy (N=154), those who received
standard RT had numerically shorter OS (18.6 months,
CI: 15.0-21.5 months) compared to those who received
HFRT (30.0 months, CI: 21.4-37.7 months), although
this finding was also non-significant (stratified log-rank
P=0.075). Stratified univariable Cox regression yielded
a HR of 0.65 (CI: 0.40-1.05, P=0.077). The median
follow-up times for patients in this non-early concurrent
chemotherapy matched subset were 52.4 (CI: 38.7-72.6)
and 62.8 (41.1-79.5) months for those who received
standard RT vs. HFRT, respectively. Figure 44,4B and Tuble
3 display survival data for the non-matched and matched
groups of patients who received non-early concurrent
chemotherapy, respectively.

Sensitivity analysis

Using a cutoff of 60 days rather than 30 days to define early
concurrent chemotherapy, OS continued to be numerically
longer in those who received standard RT (N=6,175)
compared to HFRT (N=93) in the subset of patients who
underwent early concurrent chemotherapy (N=6,268).
This finding was non-significant on UVA [21.6 months
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Journal of Thoracic Disease, Vol 14, No 2 February 2022

313

Table 2 Univariable and multivariable Cox regression analysis for variables potentially associated with overall survival in non-matched patients
(N=5,137) and matched patients (N=138) who received early concurrent chemoradiotherapy

Univariable

Variable

HR (95% Cl)

Fractionation (non-matched)

Standard RT
HFRT

Fractionation (matched)t

Standard RT
HFRT
Age (years)

Race/ethnicity

White non-Hispanic

Other

Unknown

Comorbidity score

0
1+

TNM stage
Il
1l

Facility type
Academic
Non-academic

Suppressed

1 (Reference)

1.44 (1.10-1.86)

1 (Reference)
1.4 (0.84-2.34)
1.02 (1.02-1.03)

1 (Reference)
0.92 (0.83-1.02)
0.97 (0.82-1.15)

1 (Reference)

1.25 (1.17-1.34)

1 (Reference)

1.22 (1.11-1.33)

1 (Reference)
1.30 (1.21-1.40)
0.67 (0.41-1.10)

Multivariable
P HR (95% Cl) P
NA 1 (Reference) NA
0.007 1.50 (1.16-1.96) 0.002
NA 1 (Reference) NA
0.2 1.32 (0.97-2.22) 0.3
<0.001 1.02 (1.02-1.03) <0.001
NA 1 (Reference) NA
0.12 0.94 (0.84-1.04) 0.24
0.73 0.99 (0.84-1.17) 0.91
NA 1 (Reference) NA
<0.001 1.20 (1.12-1.28) <0.001
3 3
NA
<0.001
NA 1 (Reference) NA
<0.001 1.26 (1.18-1.36) <0.001
0.11 1.28 (0.77-2.12) 0.34

T, Cox regression stratified by matched pairs. *, final MVA model stratified by TNM stage. HR, hazard ratio; Cl, Confidence Interval; RT,

radiation therapy; HFRT, hypofractionated radiation therapy.

(CI: 21.1-22.4) vs. 18.6 months (CI: 14.6-23.6), log-rank
P=0.21; HR 1.16, CI: 0.92-1.47, P=0.21], but significant on
MVA (HR 1.29, CI: 1.01-1.64, P=0.036). Median follow-up
times in this subset were 51.9 (CI: 50.6-53.6) and 55.1 (CL:
40.7-71.2) months among patients who received standard
RT and HFRT, respectively. After PSM in this subset
(N=180), median OS was numerically longer in patients who
received standard therapy compared to HFRT although
this was non-significant on both univariable [27.2 months
(CI: 19.0-33.7) vs. 18.6 months (CI: 14.6-23.6), stratified
log-rank P=0.22; HIR 1.31 (CL: 0.85-2.04), P=0.22] and
multivariable (HR 1.26, CI: 0.81-1.96, P=0.31) analysis.
Median follow-up times in this matched subset were 59.4

© Journal of Thoracic Disease. All rights reserved.

(39.3-76.8) and 55.1 (CI: 40.7-71.2) months among patients
receiving standard RT vs. HFRT, respectively.

In the subset of patients who underwent non-early
concurrent chemotherapy using a cutoft of 60 days (IN=875),
median OS was found to be non-significantly decreased in
patients undergoing standard treatment (N=817) compared
to HFRT (N=58) on UVA [17.3 months (CI: 16.2-18.7) vs.
23.2 months (CI: 15.7-33.6), log rank P=0.074; HR 0.76
(CI: 0.56-1.03), P=0.075] and MVA [HR 0.80 (CI: 0.59-
1.110), P=0.18]. Median follow-up times in this subset were
62.3 (CI: 55.7-69.7) and 71.6 (CIL: 41.1-00) months among
patients who received standard RT and HFRT, respectively.
After performing PSM in this subset of patients (N=114),
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Figure 4 Overall survival comparison with 60 months follow-up by type of radiation received among patients who underwent non-early

concurrent chemotherapy. (A) Overall survival comparison between standard radiation (standard RT) vs. hypofractionated radiation therapy

(HFRT) in the non-matched subset of patients who received non-early concurrent chemotherapy (IN=2,006). (B) Overall survival comparison

between standard radiation (standard RT) vs. hypofractionated radiation therapy (HFRT) in the propensity score matched subset of patients

who received non-early concurrent chemotherapy (N=154).

this difference in survival remained non-significant:
21.3 months (CI: 16.1-36.1) for standard RT vs. 23.2 (CL:
15.7-33.6) for HFRT (stratified log rank P=0.77). HRs for
univariable and multivariable stratified Cox regressions
were 1.09 (CI: 0.61-1.95, P=0.77) and 1.07 (CL: 0.60-1.93,
P=0.81) for HFRT, respectively. Median follow-up times
in this matched subset were 59.4 (CI: 42.5-83.2) and 71.6
(CI: 41.1-0) months for patients receiving standard RT vs.
HEFRT, respectively.

Discussion

While the current standard of care for locally advanced
LS-SCLC in the US includes chemotherapy and RT to
45 Gy in 30 twice-daily fractions or 60-70 Gy in 30-35
daily fractions, there has been increasing interest in the
role of HFRT in this setting, particularly in the context
of the COVID-19 pandemic. Our results suggest that
there is no overt detriment in OS with HFRT compared
to standard RT with concurrent chemotherapy in patients
with unresected locally advanced LS-SCLC. Further, the
timing of chemotherapy relative to RT may potentially
modify the effect of fractionation schedule on survival,
although this finding could in part be due to unaccounted
differences in characteristics between patients who received
early concurrent vs. late concurrent chemotherapy. While
median OS was more than six months longer with standard
RT compared to HFRT among the non-matched subset
of patients who received early concurrent chemotherapy,
median OS was eleven months shorter with standard

© Journal of Thoracic Disease. All rights reserved.

RT compared to HFRT among the non-matched subset
who received non-early concurrent chemotherapy. These
differences did not reach statistical significance in our PSM
analyses, although our relatively small sample size limits
the power of our analysis. Given the increased convenience
and decreased resource utilization with HFRT as well as
the precedent for HFRT being the most frequently used
regimen in Canada and the United Kingdom, HFRT may
be a reasonable option in locally advanced LS-SCLC,
particularly in patients unable to undergo early concurrent
chemoradiotherapy (9).

While there have been no prior published large national
database analyses on this subject, a number of smaller
institutional studies have investigated HFRT compared to
standard RT in LS-SCLC, usually reporting comparable
outcomes and toxicity between the two treatments
(11-14,19). While several different fractionation schedules
for HFRT have been explored, 40-45 Gy in 15 fractions
remains most popular in Canada and the United
Kingdom (9). Given the significant potential for selection
bias with such small sample sizes and with retrospective
studies, Zayed et al. recently performed a PSM institutional
analysis of 72 patients who received HFRT (40 Gy/
15 fractions, 45 Gy/15 fractions, or 45 Gy/20 fractions) or
CFRT (60 Gy/30 or 66 Gy/33 fractions) for LS-SCLC,
demonstrating no difference in PFS, OS, or pulmonary or
esophageal adverse events between the two groups (15).
Similarly, Yan er al. performed an PSM-adjusted bi-
institutional retrospective analysis comparing HFRT

(40 Gy/15 fractions) with accelerated RT (45 Gy/30 BID
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Table 3 Univariable and multivariable Cox regression analysis for variables potentially associated with overall survival in non-matched patients

(N=2,006) and matched patients (N=154) who received non-early concurrent chemoradiotherapy

Univariable Multivariable
Variable
HR (95% ClI) P HR (95% Cl) P

Fractionation (non-matched)

Standard RT 1 (Reference) NA 1 (Reference) NA

HFRT 0.74 (0.57-0.97) 0.028 0.81 (0.62-1.06) 0.12
Fractionation (matched)’

Standard RT 1 (Reference) NA ¥ *

HFRT 0.65 (0.40-1.05) 0.077
Age (years) 1.01 (1.01-1.02) <0.001 1.01 (1.01-1.02) <0.001
Race/ethnicity

White non-Hispanic 1 (Reference) NA 1 (Reference) NA

Other 0.92 (0.79-1.06) 0.25 0.94 (0.81-1.09) 0.4

Unknown 1.07 (0.84-1.37) 0.56 1.04 (0.81-1.32) 0.77
Comorbidity score

0 1 (Reference) NA 1 (Reference) NA

1+ 1.21 (1.01-1.34) <0.001 1.19 (1.07-1.31) 0.001
TNM stage

Il 1 (Reference) NA 1 (Reference) NA

1l 1.27 (1.08-1.48) 0.003 1.32 (1.13-1.55) 0.001
Facility type

Academic 1 (Reference) NA 1 (Reference) NA

Non-academic 1.18 (1.06-1.32) 0.003 1.15 (1.03-1.29) 0.015

Suppressed 1.02 (0.53-2.00) 0.96 1.72 (0.87-3.40) 0.12

T, Cox regression stratified by matched pairs; * multivariable analysis not performed in matched cohort. HR, hazard ratio; Cl, confidence
interval; RT, radiation therapy; HFRT, hypofractionated radiation therapy.

fractions) using with overlap weighting for clinical and
treatment variables; among the 173 patients included in
their analysis (63 HFRT and 110 accelerated RT), there
were no significant differences in OS, thoracic response,
locoregional recurrence risk, or grade 3+ toxicity (19). In
our own study, PSM analysis was performed as a sensitivity
analysis to reduce the effect of potential confounders, with
no significant differences in survival between HFRT and
standard RT in our primary cohort.

While prospective randomized data in this setting
remains limited, a randomized phase II trial by Grenberg
et al. comparing 45 Gy in 30 fractions vs. 42 Gy in
15 fractions with cisplatin/etoposide in 157 patients with

© Journal of Thoracic Disease. All rights reserved.

LS-SCLC reported similar median PFS and comparable
severe toxicity between the two arms, although accelerated
RT was associated with a non-significant increase in OS
(25.1 vs. 18.8 months, P=0.61) and significantly higher
complete response (33% wvs. 13%, P=0.003) (10). 55 Gy in
22 fractions and 65 Gy in 26 fractions have also been
explored prospectively with favorable outcomes and
acceptable toxicity, although these fractionation schedules
are less popular in Western countries (16-18). We were
unable to examine 65 Gy in 26 fractions as there were no
patients in the NCDB who received this regimen; only
four patients received 55 Gy in 22 fractions and were
thus excluded from our analysis. Still, given the limited
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prospective evidence for HFRT over standard RT for LS-
SCLC, HFRT is not routinely recommended in the US
(2,28). The results of our analysis are largely consistent with
those demonstrated by smaller institutional studies; that is,
HEFRT results in no statistically significant worse survival
compared to standard RT, now demonstrated on a national
scale.

HFRT offers a number of unique advantages over
standard RT. HFRT is likely more convenient than standard
RT—especially compared to twice-daily fractionation. With
less traveling and lost time from work, patients may face a
smaller financial burden with treatments consisting of fewer
fractions (29,30). HFRT may also be utilized when there is
limited machine and/or department capacity (31). HFRT
may have greater cost-effectiveness in public-payer systems
such as those of the United Kingdom or Canada where
this regimen is widely used; with the recent Medicare and
Medicaid transition from a fee-for-service reimbursement
system to bundled payments, HFRT may have a similar
financial incentive in the US (29-30,32-35). Additionally,
it is pertinent to highlight the benefit of RT schedules
consisting of fewer fractions when appropriate during
the COVID-19 pandemic, which may reduce the risk of
exposure in this particularly vulnerable group of patients
(6,36-38). The updated joint practice recommendations
of the European Society for Radiotherapy and Oncology
(ESTRO) and American Society for Radiation Oncology
(ASTRO) considers both an early and late phase of the
pandemic with regards to lung cancer RT, characterized
first by risk mitigation through limiting contact and later by
reduced resources requiring triage, respectively (38). The
recommendation regarding HFRT in this later stage of the
pandemic for LS-SCLC consists of 45 Gy in 15 fractions.
Our findings suggest that select patients may possibly be
considered for HFRT in this setting.

Importantly, our analysis suggests that the timing of
concurrent chemotherapy in relation to the start of RT may
influence the impact of fractionation schedule on survival
in early-stage SCLC. Early administration of concurrent
chemoradiation in this setting has been associated with
improved locoregional control and survival in a number of
studies, although some recent limited data has called this
benefit into question (14,39-43). Interestingly, our analysis
demonstrated worsened OS with HFRT compared to
standard RT among those who underwent early concurrent
chemoradiation, but improved OS with HFRT compared
to standard RT among those who underwent non-early
concurrent chemoradiation, although neither of these

© Journal of Thoracic Disease. All rights reserved.

Saeed et al. HFRT vs. standard RT in limited stage SCLC

findings quite reached statistical significance in our matched
sensitivity analyses. The time interval between start of any
treatment until the end of RT (SER) may partially explain
these findings, given the association of this interval with
improved survival in LS-SCLC (2,44,45). Notably, the time
to start of RT in our cohort was longer in patients who
received HFRT compared to those who received standard
RT, possibly indicating a poor response to chemotherapy
in the HFRT group or possible ambiguity in distinguishing
limited vs. extensive disease on imaging leading to delays in
starting RT. Moreover, the group of patients who received
early concurrent chemotherapy (the preferred timing for
chemotherapy) along with standard RT may represent a
group with better performance status compared to those
patients who were selected to receive non-standard therapy.
This former standard treatment group may have benefited
from a full course of standard RT, whereas patients who
received HFRT and sequential chemotherapy may have
been ineligible for early concurrent chemotherapy based
on performance status or disease burden. In these patients,
less aggressive RT with a lower biologically effective dose
and possibly less toxicity may potentially be beneficial.
Additionally, without the benefit of radio-sensitization
with early concurrent chemotherapy, a shorter course of
radiation treatment (with a shorter SER) may account
for the improved survival with HFRT in the non-early
concurrent chemotherapy subset. However, the relationship
between chemotherapy timing and fractionation schedule
in LS-SCLC must be studied in greater detail, with future
prospective studies stratifying patients based on timing of
concurrent chemotherapy in this setting.

Our findings suggest that standard RT with concurrent
chemotherapy is likely preferred in those patients who
are able to receive early concurrent administration of
both therapies; however, HFRT appears to be no worse
compared to standard RT and perhaps even beneficial
in patients who are unable to receive early concurrent
chemotherapy with RT. This is particularly relevant during
the COVID-19 pandemic, during which treatment delays
and increased logistic barriers to travel are not uncommon.
The relationship between fractionation schedule and timing
of chemotherapy, and its impact on survival, should be
prospectively explored.

Additionally, our analysis did not demonstrate a
significant interaction between fractionation and disease
stage, suggesting that HFRT may be considered in stage
II or IIT disease. It is worth considering the potential role
of HFRT in this setting with improvements in systemic
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control with immunotherapy. Phase II data from the
NRG LUO005 study of concurrent chemoradiation and
pembrolizumab in LS-SCLC demonstrates acceptable
toxicity and favorable outcomes (median PFS 19.7 months;
median OS 39.5 months) (46). The role of higher dose-
per-fraction (such as with HFRT) vs. standard fractionation
with dose escalation [as has been recently explored by
Gronberg et al. (47)] to provide adequate local control in
an age of improved systemic control should continue to be
prospectively explored.

There are notable limitations to this study, including
selection bias given the retrospective nature of our analysis
and small sample size bias in comparing our small HFRT
groups to the much larger standard RT groups. However,
we attempted to balance baseline characteristics and thus
reduce the impact of confounding on our results with
PSM. Still, there may be unmeasured confounders from
certain characteristics not included in the NCDB, including
central vs. peripheral tumor location, performance status,
smoking status, number of chemotherapy cycles received,
and more specific information regarding modalities used
in staging such as PET imaging, brain MRI, and invasive
mediastinal staging (15,19). The non-early concurrent
chemotherapy group could potentially represent a
less favorable population based on these confounders,
contributing to the correlation with HFRT in this group
and perhaps limiting the generalizability of our results.
Additionally, there is variability in the coding of certain
demographic and clinical variables in the NCDB as well
as a lack of data on locoregional control or toxicity in this
database. There was also no reliable information regarding
the use of prophylactic cranial irradiation (PCI) in our study
population. Nevertheless, this analysis was comprised of a
large national patient cohort compared to the small sample
sizes of prior institutional studies, likely representing the
largest study of patients receiving HFRT in this setting in
the US while still including extensive sociodemographic and
treatment-related variables.

Conclusions

The results of our study demonstrate that HFRT with
concurrent chemotherapy is associated with no worse
survival than standard RT with concurrent chemotherapy
in patients with unresected locally advanced LS-SCLC.
While HFRT is rarely used in the United States in this
setting, it is the preferred regimen in many countries
including the United Kingdom and Canada. Given its
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increased convenience, decreased costs, and reduced
resource utilization, HFRT may be considered in place of
standard RT, especially for patients unable to receive early
concurrent chemoradiation. Prospective studies are needed
to explore local control and toxicity associated with HFRT
in this setting.
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Supplementary

Table S1 Demographic and clinical characteristics of patients receiving standard radiation therapy vs. hypofractionated radiation therapy among

the whole cohort (N=7,143)

Variable (N) Standard RT HFRT pP*
No. (%) of patients 6992 151
Age (years), mean + SE 64.0 = 0.11 65.0 + 0.79 0.18
Age (years) 0.23
<64 (3613) 3544 (50.7) 69 (45.7)
>64 (3530) 3448 (49.3) 82 (54.3)
Sex 0.067
Male (3120) 3043 (43.5) 77 (51.0)
Female (4023) 3949 (56.5) 74 (49.0)
Race/Ethnicity 0.073
White non-Hispanic (6022) 5900 (84.4) 122 (80.8)
Other (839) 813 (11.6) 26 (17.2)
Unknown (282) 279 (4.0) 3(2.0)
Income 0.51
<50% (3203) 3133 (44.8) 70 (46.4)
>50% (3382) 3309 (47.3) 73 (48.3)
Not available (558) 550 (7.9) 8 (5.3)
Insurance 0.76
None/Non-Private (4678) 4575 (65.4) 103 (68.2)
Private (2371) 2324 (33.2) 47 (31.1)
Unknown (94) 93 (1.3) 1(0.7)
Medicaid expansion state status <0.001
Non-expansion (2765) 2735 (39.1) 30 (19.9)
Expansion (4337) 4217 (60.3) 120 (79.5)
Suppressed (41) 40 (0.6) 1(0.7)
Urban/Rural <0.001
Metro 250k+ (4607) 4487 (64.2) 120 (79.5)
Other area (2339) 2369 (33.9) 30 (19.9)
Not available (137) 136 (2.0) 1(0.7)
Greater Circle Distance 0.43
<10 mi (3225) 3161 (45.2) 64 (42.4)
>10 mi (3406) 3327 (47.6) 79 (52.3)
Unknown (512) 504 (7.2) 8 (5.3)
Year of diagnosis, mean + SE 2013 = 0.029 2013 +£0.18 0.43
Comorbidity Score 0.88
0 (4158) 4071 (58.2) 87 (57.6)
1+ (2985) 2921 (41.8) 64 (42.4)
Concurrent chemotherapy <0.001
Early Concurrent (5137) 5065 (72.4) 72 (47.7)
Non-early concurrent (2006) 1927 (27.6) 79 (562.3)

Table S1 (continued)
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Table S1 (continued)

Variable (N) Standard RT HFRT pP*

Tumor location 0.96
Right (3700) 3620 (51.8) 80 (53.0)

Left (2679) 2624 (37.5) 55 (36.4)
Other/unknown (764) 748 (10.7) 16 (10.6)

Grade 0.13
Well/mod/intermediate (29) 28 (0.4) 1 (0.66)
Poor/undifferentiated (1693) 1666 (23.8) 27 (17.9)

N/A (5421) 5298 (75.8) 123 (81.5)

T stage 0.37
T1 (1640) 1607 (23.0) 33 (21.9)

T2 (2213) 2171 (31.1) 42 (27.8)
T3 (1439) 1400 (20.0) 39 (25.8)
T4 (1851) 1814 (25.9) 37 (24.5)

N stage 0.067
NO (663) 656 (9.4) 7 (4.6)

N1 (978) 954 (13.6) 24 (15.9)
N2 (4205) 4121 (58.9) 84 (55.6)
N3 (1297) 1261 (18.0) 36 (23.8)

TNM stage 0.77
Il (1054) 1033 (14.8) 21 (13.9)

11 (6089) 5959 (85.2) 130 (86.1)

Facility Type <0.001
Academic (2265) 2168 (31.0) 97 (64.2)

Non-academic (4837) 4784 (68.4) 53 (35.1)
Suppressed (41) 40 (0.6) 1(0.7)

Facility Location 0.05
East Coast (3012) 2962 (42.4) 50 (33.1)

All other (4090) 3990 (57.1) 100 (66.2)
Suppressed (41) 40 (0.6) 1(0.7)

*P value reflects chi-square analysis or Fisher’s exact test for categorical variables and ANOVA for continuous variables. RT, radiation
therapy, HFRT, hypofractionated radiation therapy; SE, standard error.
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Table S2 Univariable and multivariable logistic regression analysis for variables potentially associated with receipt of hypofractionated radiation
therapy (HFRT; N=151) compared to standard radiation therapy (standard RT; N=6,992) among the entire cohort (N=7,143)

Univariable Multivariable
Variable'
OR (95% CI) P OR (95% CI) P
Sex
Male 1 [Reference] 1 [Reference] NA
Female 0.74 (0.54-1.02) 0.068 0.76 (0.55-1.06) 0.1
Age (years) 1.01 (0.99-1.03) 0.18
Race/Ethnicity
White non-Hispanic 1 [Reference] NA
Other 1.55 (0.95-2.19) 0.047
Unknown 0.52 (0.15-1.47) 0.27
Medicaid expansion state status
Non-expansion 1 [Reference] NA 1 [Reference] NA
Expansion 2.59 (1.73-3.88) <0.001 2.24 (1.49-3.37) <0.001
Suppressed 2.28 (0.30-17.1) 0.42 1.51 (0.19-11.7) 0.7
Urban/Rural
Metro 250k+ 1 [Reference] NA 1 [Reference] NA
Other area 0.47 (0.32-0.71) <0.001 0.62 (0.41-0.95) 0.027
Not available 0.27 (0.038-1.98) 0.2 0.32 (0.04-2.37) 0.27
Concurrent chemotherapy
Early concurrent 1 [Reference] NA 1 [Reference] NA
Non-early concurrent 2.88 (2.09-3.99) <0.001 3.05 (2.19-4.24) <0.001
Grade
Well/moderate/intermediate 1 [Reference] NA
Poorly/undifferentiated 0.45 (0.060-3.46) 0.45
N/A 0.65 (0.087-4.82) 0.67
N stage
NO 1 [Reference] NA 1 [Reference] NA
N1 2.36 (1.01-5.50) 0.047 2.70[1.14-6.35] 0.023
N2 1.91 (0.88-4.15) 0.1 2.06 [0.94-4.50] 0.07
N3 2.68 [1.18-6.04] 0.018 2.51[1.10-5.72] 0.029
Facility Type
Academic 1 [Reference] NA 1 [Reference] NA
Non-academic 0.25 (0.18-0.35) <0.001 0.26 (0.18-0.37) <0.001
Suppressed 0.56 (0.076-4.11) 0.57 1 NA
Facility Location
East Coast 1 [Reference] NA 1 [Reference] NA
All other 1.48 (1.05-2.09) 0.024 1.80 (1.26-2.56) 0.001
Suppressed 1.48 (0.20-11.0) 0.7 1 NA

T, variables with empty spaces in multivariate column were not included in the final MVA model. OR, odds ratio; Cl, confidence interval.
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Table S3 Univariable and multivariable logistic regression analysis for variables potentially associated with receipt of hypofractionated radiation
therapy (HFRT; N=72) compared to standard radiation therapy (standard RT; N=5,065) among the early concurrent chemotherapy subset

(N=5,137)
Variable OR (95% Cl) P OR (95% ClI) P
Age 1.03 (1.00-1.05) 0.053 1.02 (1.00-1.05) 0.1
Sex
Male 1 [Reference] NA 1 [Reference] NA
Female 0.52 (0.33-0.84) 0.007 0.54 (0.34-0.87) 0.012
Race/Ethnicity
White non-Hispanic 1 [Reference] NA 1 [Reference] NA
Other 2.16 (1.21-3.86) 0.009 1.81 (1.003.29) 0.051
Unknown 1.21 (0.38-3.90) 0.75 1.36 (0.42-4.44) 0.61
Medicaid expansion state status
Non-expansion 1 [Reference] NA 1 [Reference] NA
Expansion 2.79 (1.53-5.10) 0.001 2.22 (1.20-4.09) 0.011
Suppressed 1 NA 1 NA
Urban/Rural
Metro 250k+ 1 [Reference] NA 1 [Reference] NA
Other area 0.36 (0.19-0.67) 0.001 0.39 (0.21-0.75) 0.005
Not available 1 NA 1 NA
N stage
NO 1 [Reference] NA 1 [Reference] NA
N1 2.75 (0.78-9.69) 0.12 2.98 (0.84-10.6) 0.092
N2 2.04 (0.63-6.62) 0.24 2.27 (0.69-7.43) 0.18
N3 3.27 (0.95-11.2) 0.059 3.84 (1.11-13.3) 0.033
Facility Type
Academic 1 [Reference] NA 1 [Reference] NA
Non-academic 0.43 (0.27-0.68) <0.001 0.50 (0.31-0.80) 0.004
Suppressed 1 NA 1 NA
Facility Location
East Coast 1 [Reference] NA 1 [Reference] NA
All other 1.95 (1.16-3.28) 0.011 2.25(1.32-3.83) 0.003
Suppressed 1 NA 1 NA

OR, odds ratio; Cl, confidence interval.
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Table S4 Univariable and multivariable logistic regression analysis for variables potentially associated with receipt of hypofractionated radiation
therapy (HFRT; N=79) compared to standard radiation therapy (standard RT; N=1,927) among the non-early concurrent chemotherapy subset

(N=2,006)
Univariable Multivariable
Variable'
OR (95% CI) P OR (95% CI) P
Race/Ethnicity
White non-Hispanic 1 [Reference] NA
Other 0.99 (0.52-1.90) 0.98
Unknown 1 NA
Medicaid expansion state status
Non-expansion 1 [Reference] NA 1 [Reference] NA
Expansion 2.67 (1.55-4.60) <0.001 2.07 (1.19-3.61) 0.01
Suppressed 4.81(0.58-39.7) 0.15 1.53 (0.18-12.8) 0.69
Year of diagnosis 1.11 (1.00-1.22) 0.041 1.09 (0.99-1.20) 0.093
Facility Type
Academic 1 [Reference] NA 1 [Reference] NA
Non-academic 0.13 (0.08-0.22) <0.001 0.14 (0.08-0.24) <0.001
Suppressed 0.92 (0.12-7.32) 0.94 1 NA

', variables with empty spaces in multivariate column were not included in the final MVA model. OR, odds ratio; Cl, confidence interval.

© Journal of Thoracic Disease. All rights reserved.

https://dx.doi.org/10.21037/jtd-21-1566



