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Background: Although optimal sequencing of systemic therapy in cancer care is critical to achieving
maximal clinical benefit, there is a lack of analysis of treatment sequencing in advanced non-small cell lung
cancer (aNSCLC) in real-world settings.

Methods: A retrospective cohort study of 13,340 lung cancer patients within the Mount Sinai Health
System (MSHS) was performed. Systemic therapy data of aNSCLC in 2,106 patients was the starting point
in our analysis to investigate how treatment sequencing has evolved, the impact of sequencing patterns
on clinical outcomes, and the effectiveness of 2™ line chemotherapy after patients progressed on immune
checkpoint inhibitor (ICI)-based therapy as the 1 line of therapy (LOT).

Results: There is a significant shift to more ICI-based therapy and multiple lines of targeted therapy
after 2015. We compared clinical outcomes of two patient populations with different treatment sequencing
patterns, with the 1" group receiving chemotherapy as the 1" LOT followed by ICI-based treatment, and
the 2™ group treated in the opposite order receiving a 1% line ICI-containing regimen followed by a 2™
line chemotherapy. No statistically significant difference in overall survival (OS) was observed between the
two groups [group 2 vs. group 1, adjusted hazard ratio (aHR) =1.36, P=0.39]. We assessed the efficacy of
the 2™ line chemotherapy in three patient populations given either 1% line ICI single agent, 1* line ICI-
chemotherapy combination, or 1* line chemotherapy alone, there was no statistically significant difference in
time-to-next treatment (T'TNT) and in OS among the three patient groups.

Conclusions: Analysis of real-world data has shown two treatment sequencing patterns in aNSCLC,
ICI followed by chemotherapy or chemotherapy followed by ICI, achieved similar clinical benefit. The
chemotherapies routinely used following platinum doublet 1% LOT; is effective as the 2™ line option after

ICI-chemotherapy combination in the 1" line setting.
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Introduction

We have witnessed tremendous progress in the last
several years in the development of novel therapeutics for
the treatment of non-small cell lung cancers (NSCLCs),
and the new treatment options have fundamentally changed
clinical management of this most commonly occurring
cancer in the world. Next generations of tyrosine kinase
inhibitors (TKIs) in the front-line setting have significantly
improved clinical outcomes in patients with advanced
NSCLC (aNSCLC) harboring oncogenic mutations
(1-6). For tumors without sensitizing oncogenic mutations,
platinum doublet chemotherapy was established in the
1990s as the standard 1" line therapy (7,8). In 2015, two
immune checkpoint inhibitors (ICIs), nivolumab and
pembrolizumab were approved by FDA for the treatment
of aNSCLCs progressed on platinum chemotherapy
(9-11). Subsequently, several ICI-containing regimens
demonstrated superiority to chemotherapy in the 1% line
setting in randomized phase 3 trials (12-16). Soon after,
these regimens received regulatory approvals and were
incorporated into clinical oncology guidelines replacing
platinum chemotherapy as the 1" line treatment options
for aNSCLCs without known driver mutations. As a result
of this rapidly evolving treatment landscape, and due to
differences in how new treatment options are adopted
by different clinicians (17), treatment sequencing has
become increasingly complex. Since optimal sequencing

Highlight box

Key findings

®  Our study represents the st investigation on the effectiveness of
2nd line chemotherapy for NSCLC in post-ICI settings, and the
results suggest the 2nd line chemotherapy is still effective after 1st
line ICI-based treatment.
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* Previous studies have shown patients receiving ICI in different
settings of LOT had similar treatment duration as well as OS.
This study implies ICI may enhance the efficacy of subsequent
chemotherapy, even after disease progressed on ICI-based therapy.
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e This study represents the Ist comprehensive analysis of treatment
sequencing in aNSCLC in real world settings. Results from
this study with respect to the impact of sequencing on clinical
outcomes and the effectiveness of post-ICI 2nd line chemotherapy
are clinically meaningful.
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of systemic therapy can have a profound impact to alter
disease trajectory and to achieve maximal clinical benefit,
it is critical to understand treatment sequencing patterns
in clinical practices and their associations with clinical
outcomes.

After disease progression following the initial systemic
treatment of aNSCLCs without oncogenic mutations,
there are several options for the subsequent therapies. For
patients without previous ICI exposure, a single agent of
anti-programmed death-1 (PD-1) or anti-programmed
death-ligand 1 (PD-L1) antibody is a reasonable approach,
provided patients do not have contraindications to ICIs.
If a patient received an ICI-containing regimen for the
initial treatment, the 2™ line options include docetaxel (with
or without ramucirumab), pemetrexed and gemcitabine.
While these agents have been recommended in clinical
guidelines, the pivotal trials demonstrating their activity
were conducted before the ICI era when platinum-based
regimens were the standard 1" line therapy. Consequently,
it is of great clinical importance to assess how effective these
agents are as the 2™ line therapy when the standard 1" line
treatment has evolved.

Evidence-based medicine is the guiding principle in
clinical practice, and one of the main sources of evidence
comes from clinical trials. Real world data (RWD)
represents a complementary source of clinical evidence
as they augment clinical trial results to provide a more
complete picture of a medical intervention in daily clinical
practice. We have previously utilized RWD to evaluate
treatment response in patient populations that are generally
underrepresented in clinical (18), and to develop novel
biomarkers (19). RWD is particularly useful for studying
treatment sequencing patterns in clinical oncology since
generally clinical trial is not a feasible option. In this study,
we analyzed the medical records of 13,340 NSCLC patients
in the Mount Sinai Health System (MSHS) electronic
medical record (EMR) database for their treatment history
and clinical outcomes. The primary objectives of the study
are: (I) to examine sequencing of systemic treatment in
aNSCLC, specifically how sequencing patterns evolved as
new treatment options became available; (II) to investigate
how different sequencing patterns impacted survival; (I1I)
to assess the effectiveness of the 2™ line regimens after ICI-
based treatment became the new standard 1% line therapy.
We present this article in accordance with the STROBE
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1481/rc).
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Methods
Study cobort

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
confirmed and approved by the Program for the Protection
of Human Subjects at the Mount Sinai School of Medicine
(IRB-17-01245). Since the study was a retrospective analysis
of the patient database, the requirement for informed
consent of each patient was waived. The NSCLC cohort
[2003-2021] was curated from the Mount Sinai Healthcare
system, which contains longitudinal data for approximately
3.9 million patients. Demographic, clinical, and outcome
variables were obtained by either extracting these predictors
from structured data or curating the relevant information
from unstructured clinical notes.

We first identified patients with lung cancer based on
International Classification of Diseases 9" or 10" revision
(ICD-9 and/or ICD-10) diagnosis codes (ICD-9: 162.%;
ICD-10: C34.*) and histology status. Patients who were
treated with eligible NCSLC cancer drugs were included
in this study. Eligible NCSLC cancer drugs were identified
from structured data, and manually reviewed based on
National Comprehensive Cancer Network (NCCN)
guidelines and Medication Enquiry Databases from NCI
(https://seer.cancer.gov/oncologytoolbox/canmed/). The
final study cohort included NSCLC patients who have
received at least one line of systemic therapy for the
advanced disease (n=2,106). The median follow-up time is
11.3 months.

Line of therapies (LOI3) and treatment sequencing
patterns

The therapeutic classes for NSCLC were categorized as
chemotherapy, ICI, or targeted therapy based on NCCN
guidelines. A LOT algorithm was constructed to identify,
process, and analyze the treatment patterns for NSCLC
patients. The pipeline was implemented and customized
to NSCLC treatment based on the modules described in
previous studies (20,21). For each patient in the cohort,
LOT were calculated as follows:

(D Index date and the 1¥ LOT drugs: set the first day
with the first eligible drug in the NCCN guidelines
for NSCLC as the index date and the start date of
the first LOT.

(II) Line regimen window: the window was
implemented to specify the duration after the date
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of the first eligible drug in any LOT based on
the previous studies (20,21). All the eligible drugs
within in the window were defined to be part of the
treatment regimen of the LOT.

(III) Line switch: the date of a new drug used outside of
the current line regimen window was defined as the
start date of the new LOT.

(IV) Optimization of line regimen windows and
line switches: a subset of the data was manually
evaluated to guide iterations of pre-specified
windows and gaps. Steps 2 and 3 were performed
recursively to optimize of the line regimen window
and line switches until the accuracy of LOT
reached of 95%.

Sankey diagrams were used to depict the overall therapy

class distributions and their sequence from L1 to later lines
for NSCLC treatment sequencing patterns.

Statistical analysis

Overall survival (OS) and time-to-next treatment (T'TNT)
were used as clinical endpoints. OS was evaluated from the
start of a LOT of interest to the death of a patient recorded
in the MSHS death registry. TTNT was calculated by
subtracting the start date of the current LOT from the start
date of the next LOT. TTNT was used as a surrogate of
progression-free survival (PES) (22). For censored patients,
follow-up time was calculated from the start of a LOT to
the date of any last activity (i.e., lab test, treatment, etc.).

Cox proportional hazard models were developed for
univariate and multivariate analyses. Hazard ratios (HRs)
with 95% confidence intervals (Cls) and Wald test-based P
values were computed. Kaplan-Meier analyses were used to
visualize OS and TTNT for the treatment groups and to
compute median time-to-event in each group.

Results
Treatment sequencing patterns in aNSCLC

The selection of the study cohort is illustrated in Figure S1.
In the overall study population who had systemic treatment
including at least one drug listed in the NCCN guideline
for NSCLC (n=2,106), 57.7%, 15.4% and 27.0% received
chemotherapy, ICI-based therapy and TKIs respectively,
as the 1" LOT (Figure 14). Baseline demographic and
clinical characteristics of the three sub-populations are
summarized in Table S1. 35% of the patients continued to
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Figure 1 Treatment sequencing of patients with aNSCLC who received at least one line of systemic therapy. (A) The entire cohort (n=2,106).
(B) Patients who started 1" LOT prior to 2015 (n=724). (C) Patients who started 1* LOT in or after 2015 (n=1,382). Chemo, chemotherapy;
ICI, immune checkpoint inhibitor; aNSCLC, advanced non-small cell lung cancer; LOT, line of therapy.

a 2" LOT after disease progression. We separated these
patients into two groups, with one group of patients started
systemic treatment prior to 2015, the year of the 1™ ICI
approval by FDA for the indication of aNSCLCs, and the
remaining patients started treatment during or after 2015.
Not only there is a significant difference in the 1* LOT
(Figures 1B,1C), but subsequent treatment also evolved. In
the patient population who started treatment before 2015
and also had a 2" LOT, when chemotherapy was the 1"
LOT, 69.1%, 5.1% and 25.7% of the patients received
another regimen of chemotherapy, an ICI-containing
regimen, or a targeted therapy respectively, as the 2™
LOT (Figure 1B). In contrast, among patients who started
treatment during or after 2015, received chemotherapy
in the 1" line and also had a 2" LOT, these percentages
shifted significantly toward more ICIs, with 26.3%, 65.8%,
7.8% receiving chemotherapy, ICI, a targeted therapy
respectively, in the 2" line setting (Figure 1C). We also
observed a change of treatment patterns in patients treated
with TKIs as the 1" LOT. In this patient population, of
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those who were able to receive a 2™ LOT after disease
progression, more patients (68.1% vs. 51.9% in Figure 1C
vs. Figure 1B) were given another TKI during or after 2015
as new generations of TKIs with improved efficacy and
tolerability became available.

We further examined more details on treatment
regimens for ICI-based therapy and chemotherapy. In
1,214 patients treated with 1* line chemotherapy, 874
(72%) received platinum-based therapy. In 324 patients
treated with 1* line ICI-based therapy, 155 (48%) received
ICI agents without chemotherapy (145 ICI single agent,
10 nivolumab/ipilimumab); 169 (52%) patients were treated
with ICI-chemotherapy combination, and majority (150
of 169) were pembrolizumab-containing regimens. In
167 patients received 2™ line ICI after progressing on 1%
line chemotherapy, 143 (86%) were treated with a single
ICI agent; 22 (13%) were treated with ICI-chemotherapy
combination (pembrolizumab-based or atezolizumab-
based); 2 (1%) patients received nivolumab-ipilimumab
combination.
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time (95% CI) for the chemotherapy and ICI group are 23.1 (20.6-26.3) and 35.8 (23.5-NE) months respectively. (B) Multivariate Cox
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overall survival; CI, confidence interval; NE, not estimable.

Impact of treatment sequencing on survival outcomes

As expected, we observed significantly longer OS in
patients who underwent 1* line ICI-based treatment, when
compared with patients treated with 1" line chemotherapy
as the reference group [HR = 0.83, log-rank P=0.075;
adjusted HR (aHR) 0.82, P=0.066; Figure 2]. This result
suggests OS in our data are consistent with what have been
reported in randomized phase 3 trials. The multivariable
Cox proportional hazard model also showed longer survival
in the Asian and Hispanic population and less favorable
outcomes for male patients (Figure 2B), consistent with
what has been reported in the literature (23,24). Patients
with an Eastern Cooperative Oncology Group (ECOG)
score of 2 or greater had significantly shorter survival (aHR
~2.06; P<0.001; Figure 2B).

To investigate the impact of treatment sequencing on
clinical outcomes, we specifically assessed if sequencing of
chemotherapy and ICI-based therapy impacted survival
in those patients who were able to receive more than one
LOT. We defined two patient populations: one received 1*
line chemotherapy followed by ICI (n=167), and the other
had 1% line ICI-based treatment followed by chemotherapy
(n=37). No significant difference in OS was observed

in both the Kaplan-Meier analysis (HR =1.49, log-rank
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P=0.20; Figure 34) and multivariable Cox regression (aHR
=1.36, P=0.39; Figure 3B). Next, we examined OS and
TTNT, a real-world surrogate clinical endpoint for PFS,
in patients who received ICI-based therapy in the 1" line
(n=324) vs. 2™ or later line (n=229) setting; no significant
difference was seen (Figure S2). We also compared OS in
patients who had 1% line ICT or chemotherapy but were not
able to receive any subsequent treatment. The 257 patients
receiving 1% line ICI therapy had significantly longer OS
than those patients given 1" line chemotherapy (HR =0.71,
log-rank P=0.0049; adjusted aHR =0.71 in multivariable cox
regression model, P=0.0070; Figure S3).

Effectiveness of 2" line chemotherapy following 1° line ICI
therapy

When the platinum doublet was the standard 1% line
treatment for aNSCLC, patients were commonly offered
docetaxel, pemetrexed or gemcitabine upon disease
progression for subsequent treatment if they were
physically fit. To evaluate the effectiveness of these 2™ line
agents in the current ICI era following the new standard
ICI-based 1* line treatment, we examined T'TNT and
OS in three patient populations treated with 1* line
chemotherapy, 1" line ICI single agent or 1 line ICI-
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Figure 3 OS of patients who received at least two lines of systemic therapy in two different sequencing patterns. (A) Kaplan-Meier analysis.
Median survival time (95% CI) for the chemo-ICI and ICI-chemo group are 40.0 (33.1-NE) and 24.5 (15.0-NE) months respectively.
(B) Multivariable cox regression. **, 0.001<P<0.01. Chemo-ICI: chemotherapy as the 1* line treatment followed by ICI-based therapy;

ICI-chemo: ICI-based therapy as the 1% line treatment followed by chemotherapy. Chemo, chemotherapy; ICI, immune checkpoint

inhibitor; NSCLC, non-small cell lung cancer; NOS, not otherwise specified; ECOG, Eastern Cooperative Oncology Group; AIC, Akaike

information criterion; OS, overall survival; CI, confidence interval; NE, not estimable.

chemotherapy combination respectively, with all three
groups received a 2™ line chemotherapy (Table S2). TTNT
was similar among the 3 patient populations (Figure 4A4).
We incorporated a variable to account for different 2™ line
regimens in the multivariable Cox proportional hazard
model and reached the same conclusion (Figure 4B). OS
(indexed to the starting date of the 2" line therapy) was also
similar in the three groups based on both Kaplan-Meier
analysis and multivariable Cox regression (Figure 5A,5B).
Notably, although statistical significance was not reached,
the group with ICI-chemotherapy combination as the 1%
LOT had numerically longer TTNT and survival than
the chemotherapy 1" line group: median TTNT 11.4 vs.
8.6 months, aHR =0.73 (Figure 44, blue vs. red curve);
median OS not reached vs. 14.8 months, aHR =0.80
(Figure 5A, blue vs. red curve).

Discussion

Optimal treatment sequencing in cancer care is critical
for achieving the greatest clinical benefit. This is best
illustrated in a limited number of clinical trials on treatment
sequencing in cancers with multiple options recommended

© Journal of Thoracic Disease. All rights reserved.

for the 1% line treatment of metastatic disease. For example,
abiraterone, enzalutamide and docetaxel are the preferred
regimens for the 1* LOT of metastatic castration resistance
prostate cancers (mCRPC). In a randomized phase 2
crossover study to determine the best sequence of using
both abiraterone and enzalutamide (25), enzalutamide but
not abiraterone demonstrated activity as the 2" line novel
androgen deprivation therapy; the sequence of abiraterone
followed by enzalutamide led to a longer time to 2" PSA
progression than the opposite treatment sequence. However,
for most cancers, it is not practical to conduct randomized
clinical trial to evaluate different sequencing strategies.
For NSCLC, the discussion of treatment sequencing in
the literature has mainly centered around the sequential
use of different TKIs targeting oncogenic alterations based
on their ability to overcome resistance mutations (26,27).
There are two recent publications presenting an overview
of treatment landscape in NSCLC based on RWD (28,29),
but how different sequencing patterns impacted survival
was not investigated. To the best of our knowledge, this
is the 1" comprehensive study of treatment sequencing in
aNSCLGCs, not only to delineate how treatment landscape
has evolved, but more importantly to assess the impact of
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chemotherapy combination as the 1* line treatment followed by 2™ line chemotherapy. The start date of the 2™ line therapy was used as
the OS index date. Chemo, chemotherapy; ICI, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; NOS, not otherwise
specified; ECOG, Eastern Cooperative Oncology Group; AIC, Akaike information criterion; OS, overall survival; CI, confidence interval;
NE, not estimable; NR, not reached.
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various sequencing patterns on clinical outcomes.

Previous studies by us (18) and by others (30) have shown
patients receiving ICI in different settings of LOT had
similar treatment duration as well as OS. Results from this
study suggested that even though ICI-based therapy has
become the new standard 1™ line treatment, chemotherapy
followed by ICI may achieve similar clinical benefit as
the reverse sequence of ICI followed by chemotherapy
(Figure 3), consistent with the notion that if a patient is
able to receive an ICI-based regimen during the course of
treatment, the therapy does not appear to have diminished
activity when given at a later line than the front-line setting.
This result is clinically meaningful. It is a typical scenario
when patients are diagnosed with de novo metastatic
NSCLG, reflex ordered testing of tumor molecular/genetic
markers is performed to guide treatment strategies. The
turnaround time (TAT) is approximately 14 days, a target
recommended in College of American Pathologists (CAP)/
International Association for the Study of Lung Cancer
(IASLC)/Association for Molecular Pathology (AMP)
molecular testing guidelines for NSCLC (31), but can be an
issue for rural community practices where TAT may take up
to more than 4 weeks (32,33). In a recent publication (34), it
was reported that median TAT of DNA testing was 26 days
in UK Welsh Thoracic Oncology Group. Furthermore,
there are still challenges in low-and middle-income
countries to access the contemporary treatment options
including ICI (35). For many patients who are symptomatic
and need immediate treatment for disease control, the
treating oncologists may start platinum doublet before
molecular testing results become available. The reason for
not including an ICI in the initial treatment is that if the
testing result identifies a sensitizing epidermal growth factor
receptor (EGFR) mutation (thereby making osimertinib
the appropriate 1" line therapy), using osimertinib after
ICI can cause severe and life-threatening toxicity (36,37).
If molecular testing reveals the tumor does not harbor an
oncogenic driver mutation and the patient is responding
well symptomatically to the initial cycles of platinum
chemotherapy, the treating oncologist or the patient may
elect to continue the therapy without adding an ICI for
various reasons, such as concerns for immune-related
adverse events or cost-effectiveness. Our study suggests
that when the patient progressed on chemotherapy, an ICI
agent can still be effective as the 2" LOT. We should point
out that our results are in contrast with randomized phase
3 studies where patients receiving 1™ line ICI had longer
OS than those receiving chemotherapy 1" line and later
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crossing over to ICI treatment (38-40). This could be due to
the heterogeneous nature of RWD and more diverse patient
population in the real-world clinical setting; therefore, our
results should be interpreted in caution. Furthermore, since
the majority of the patients with aNSCLC only receive one
LOT (Figure 1), and ICI-containing regimens as the front-
line therapy led to longer OS than chemotherapy (Figure 2,
Figure S3), it is advisable to provide ICI-based therapy as
the best treatment option in the front-line setting.

In oncology drug development, it is not uncommon that
a new therapy is established as the 1™ line treatment, but
subsequent treatment options are based on clinical trials
conducted when patients were treated with the previous
standard 1% line therapy. Consequently, it is clinically
important to confirm the effectiveness and to reevaluate
efficacy-safety balance of the 2™ line regimens when the
1" line therapy has improved. RWD offer an ideal data
source for such investigations. Other than NSCLCs,
another example is hormone receptor-positive and HER2-
negative breast cancers where cyclin-dependent kinase
(CDK)4/6 inhibitors were incorporated into endocrine
therapy several years ago, replacing endocrine therapy
alone as the 1" LOT. A recent study of RWD has shown
the everolimus-exemestane combination as a later line
treatment option for metastatic hormone receptor-positive
and HER2-negative breast cancers remains an effective
treatment option, regardless of prior treatment with
endocrine therapy alone or endocrine therapy combined
with a CDK4/6 inhibitor (41). Our study represents the 1%
investigation on the effectiveness of 2™ line chemotherapy
for NSCLC in post-ICI settings, and the results suggest
the 2™ line chemotherapy is still effective after 1% line ICI-
based treatment (Figures 4,5). Interestingly, in patients who
received an ICI-chemotherapy combination for 1* LOT,
2™ line chemotherapy resulted in numerically longer OS
(indexed to the starting date of 2™ line chemotherapy)
than the patients with chemotherapy as the 1" LOT
(Figure 5A4). This observation is similar to what has been
reported in other cancers (42-44), implying ICI may
enhance the efficacy of subsequent chemotherapy, even
after disease progressed on ICI-based therapy.

We recognize there are significant limitations in
our study. First, while RWD provides a rich source of
clinical data pertaining to cancer diagnosis, treatment and
clinical outcomes, the patient population is inherently
heterogenous. Although we applied rigorous statistical
methods to harmonize the data and to adjust for variables
that may impact the results, there are other clinical
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characteristics, the “unknown unknowns”, that could impact
response to treatment and survival, but were not accounted
for in the analysis. The retrospective nature of the study
is fundamentally different than prospective randomized
trials in a well-controlled target population. Second, data
completeness is another major issue of RWD. Variables
such as smoking status (correlated with response to ICI)
were incorporated into multivariable analyses. ECOG status
is another critical variable associated with clinical outcomes.
The percentage of patients with missing data in these
variables is not insignificant. Of the 553 patients (Figure S2)
received ICI in their treatment history, only 359 (65%) had
PD-L1 data (237 positive and 122 negative). In our analysis
of treatment sequencing (Figure 3), only 13.7% (167/1,214)
and 11.4% (37/324) of patients received 2" line treatment
with ICI (after 1" line chemotherapy) and chemotherapy
(after 1" line ICI), respectively. This is most likely due to the
incompleteness of the data, because if patients were treated
in a different clinic following the 1" line therapy at MSHS,
the 2™ line treatment information are not available in our
database. Third, clinical endpoints in RWD are limited. For
most patients, there are no Response Evaluation Criteria
in Solid Tumors (RECIST) or immune-related RECIST
(irRECIST)-based assessment of radiographic response.
PES is typically not available for analysis. Even for OS, an
objective survival measurement, it is not a trivial task to
build an accurate and complete mortality database (45,46).
Fourth, while reasons for treatment failure such as disease
progression or adverse events would be valuable to analyze
and share with scientific and clinical community, the
information is not always captured in the RWD. Even for
those patients with such information discussed in medical
oncologists’ notes, manual curation of free-text notes can
be resource consuming. Finally, this study is based on EMR
of a single medical center. Although we began with 13,340
NSCLC patients in MSHS, there were only 2,106 patients
had records of systemic treatment for advanced disease. The
number becomes even smaller when we further identify
patient subpopulations with specific treatment patterns.
In our analysis of 2™ line chemotherapy (Figures 4,5),
we are comparing two groups of patients (chemotherapy
followed by chemotherapy, ICI-chemotherapy followed
by chemotherapy) with only 158 and 25 patients in each
group respectively. The small sample size underscores the
necessity for replicating our findings in additional cohorts.
Moreover, although the depth of treatment is an important
aspect of cancer care, we do not have sufficient number of

© Journal of Thoracic Disease. All rights reserved.

Liu et al. Treatment sequencing in aNSCLC

patients who received more than 2 lines of therapy to study
the depth of treatment.

Conclusions

This study represents the 1% comprehensive analysis of
treatment sequencing in aNSCLC. Even with the above-
described limitations, results from this study with respect
to the impact of sequencing on clinical outcomes and the
effectiveness of post-ICI 2™ line chemotherapy are clinically
meaningful and warrant further investigations.
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Supplementary

Patients with codes (ICD-9: 162.%;
ICD-10: C34.*) for lung cancer diagnosis
N=13,340

\4

Systemic treatment for metastatic disease
including at least one regimen in NCCN
guideline for NSCLC
N=2,106

\

Patients received chemotherapy or
ICl-based therapy as the 1%t LOT
N=1,538

» R}

Compare 1% line
therapy: chemo
vs. ICl (Figure 2)

1%t line chemotherapy
N=1,214
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15t line ICl-chemo
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Figure S1 Flow chart of patient population with available data analyzed in the study. ICD-9, International Classification of Diseases 9"
revision; ICD-10, International Classification of Diseases 10" revision; NCCN, National Comprehensive Cancer Network; NSCLC, non-

small cell lung cancer; ICI, immune checkpoint inhibitor; LOT, line of therapy; chemo, chemotherapy; TTNT, time-to-next treatment; OS,
overall survival.
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Table S1 Baseline demographic and clinical characteristics of the patient cohort analyzed in this study

Characteristics Chemo ICI Targeted Total

Age (years), n [%]
<65 500 [42] 100 [31] 225 [40] 834 [40]
65+ 705 [58] 224 [69] 343 [60] 1,272 [60]
Gender, n [%)]
Female 625 [51] 160 [49] 364 [64] 1,149 [55]
Male 589 [49] 164 [51] 204 [36] 957 [45]

Race/ethnicity, n [%]

African American 227 [19] 73 [23] 70 [12] 370 [18]
Asian 37 [3] 28 [9] 65 [11] 130 [6]
Hispanic 145 [12] 39 [12] 64 [11] 248 [12]
Other 118 [10] 31[10] 81 [14] 230 [11]
Unknown 93 [8] 14 4] 66 [12] 173 [8]
White 594 [49] 139 [43] 222 [39] 955 [45]

Histology, n [%]

Non squamous 624 [51] 186 [57] 337 [59] 1,147 [54]
NSCLC-NOS 371 [31] 93 [29] 209 [37] 673 [32]
Squamous 219 [18] 45 [14] 22 [4] 286 [14]

Smoking status, n [%)]

Current smoker 118 [10] 33 [10] 13 [2] 164 [8]
Former smoker 458 [38] 123 [38] 121 [21] 702 [33]
Never smoker 147 [12] 41 [13] 150 [26] 338 [16]
Unknown 491 [40] 127 [39] 284 [50] 902 [43]

ECOG score category, n [%]

0 219 [18] 70 [22] 73 [13] 362 [17]
1 262 [22] 74 [23] 86 [15] 422 [20]
2+ 102 [8] 53 [16] 48 [8] 203 [10]
Unknown 631 [52] 127 [39] 361 [64] 1,119 [53]

Chemo, chemotherapy; ICIl, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; NOS, not otherwise specified; ECOG,
Eastern Cooperative Oncology Group.
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Figure S2 OS (A,B) and TTNT (C,D) in patients treated with ICI in the 1% line vs. 2™ or later lines. (A,C) Kaplan-Meier analysis. (A)
Median survival time (95% CI) for the 1** line and 2™ or later line are 35.8 (23.5-NE) and NR (19.8-NE) months respectively. (C) Median
survival time (95% CI) for the 1* line and 2™ or later line are 14.8 (12.6-20.7) and 11.4 (10.0-16.1) months respectively. (B,D) Multivariable
cox regression. *, 0.01<P<0.05. ICI, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; NOS, not otherwise specified;
ECOG, Eastern Cooperative Oncology Group; AIC, Akaike information criterion; OS, overall survival; TTN'T, time-to-next treatment; CI,
confidence interval; NE, not estimable; NR, not reached.
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Figure S3 OS of patients who only received chemotherapy or ICI-based therapy as the 1* line treatment but did not receive a 2" line
therapy. (A) Kaplan-Meier analysis. Median survival time (95% CI) for the chemo and ICI group are 16.5 (13.8-20.9) and 35.8 (21.6-NE)
months respectively. (B) Multivariable cox regression. *, 0.01<P<0.05; **, 0.001<P<0.01; ***, P<0.001. Chemo, chemotherapy; ICI, immune
checkpoint inhibitor; NSCLC, non-small cell lung cancer; NOS, not otherwise specified; ECOG, Eastern Cooperative Oncology Group;

AIC, Akaike information criterion; OS, overall survival; CI, confidence interval; NE, not estimable.
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Table S2 Baseline demographic and clinical characteristics of the patient cohort analyzed in Figures 4,5

Characteristics Chemo-chemo ICl single-chemo ICl-chemo-chemo Total

Age (years), n [%]
<65 81 [51] 7 58] 10 [40] 98 [50]
65+ 77 [49] 5[42] 15 [60] 97 [50]
Gender, n [%]
Female 81 [51] 7 58] 11 [44] 99 [51]
Male 77 [49)] 5 [42] 14 [56] 96 [49]

Race/ethnicity, n [%]

African American 38 [24] 18] 9 [36] 48 [25]
Asian 7 4] 2[17] 3[12] 12 [6]
Hispanic 12[8] 2 [17] 5 [20] 19 [10]
Other 17 [11] 18] 1[4] 19 [10]
Unknown 10 [6] 18] 28] 13[7]
White 74 [47) 5 [42] 5 [20] 84 [43]

Histology, n [%]

Non squamous 94 [59] 9 [75] 16 [64] 119 [61]
NSCLC-NOS 40 [25] 2[17] 3[12] 45 [23]
Squamous 24 [15] 18] 6 [24] 31 [16]

Smoking status, n [%]

Current smoker 21 [13] 0[0] 21[8] 23[12]
Former smoker 84 [53] 7 [58] 11 [44] 102 [52]
Never smoker 25 [16] 3 [25] 7 [28] 35[18]
Unknown 28 [18] 2 [17] 5 [20] 35[18]

ECOG score category, n [%]

0 45 [28] 5 [42] 7 28] 57 [29]
1 44 [28] 6 [50] 10 [40] 60 [31]
2+ 12 [8] 18] 5 [20] 18 [9]
Unknown 57 [36] 01[0] 3[12] 60 [31]

Chemo, chemotherapy; ICIl, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; NOS, not otherwise specified; ECOG,
Eastern Cooperative Oncology Group.
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