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QUESTION ASKED:What is the association between the
Food and Drug Administration (FDA) approvals of
immune checkpoint inhibitors (ICIs) and treatment
patterns of patients with advanced melanoma,
non–small-cell lung (NSCLC), and colon cancers at the
end of life (EOL)?

SUMMARY ANSWER: The FDA approval of ICIs for
metastatic melanoma and NSCLC was associated with
an increase in the use of systemic treatment at the
EOL, attributable to the adoption of ICIs into clinical
practice. For patients with melanoma, the adoption of
ICIs was associated with a substantive increase in EOL
treatment driven by ICIs, whereas in patients with
NSCLC, ICIs were replacing cytotoxic chemotherapy in
the EOL setting to a large extent.

WHAT WE DID: We conducted a retrospective, obser-
vational study using the Flatiron Health Database,
which is composed of longitudinal, de-identified,
patient-level electronic health record data from a na-
tionwide, geographically and demographically diverse
population. Patients had advancedmelanoma, NSCLC
(cancer types with an ICI indication) or microsatellite
stable (MSS) colon cancer (a cancer without an ICI
indication) and died between 2013 and 2017. We
calculated annual proportions of decedents who re-
ceived systemic cancer therapy in the final 30 days of
life, using logistic regression to model the association
between the post-ICI FDA approval time and use of
systemic therapy at the EOL, adjusting for patient
characteristics. We assessed the use of chemotherapy
or targeted/biologic therapies at the EOL, before and

after FDA approval of ICIs using the Pearson chi-
square test.

WHAT WE FOUND: There was an increase in use of EOL
systemic cancer therapy in the post-ICI approval pe-
riod for both melanoma (33.9% to 43.2%; P , .001)
and NSCLC (37.4% to 40.3%; P , .001), with no
significant change in use of systemic therapy in MSS
colon cancer (Fig). After FDA approval of ICIs, patients
with NSCLC and melanoma had a decrease in the use
of chemotherapy, with a concomitant increase in use
of ICIs at the EOL.

BIAS, CONFOUNDING FACTORS, DRAWBACKS: We ac-
knowledge several limitations of this study. We were
unable to adjust for line of therapy or performance
status, variables that may affect EOL treatment de-
cisions, because of a high degree of missing data.
However, we performed a sensitivity analysis in-
corporating these covariates into the model, with
conclusions remaining unchanged. There was also
a restriction on the details of the date of death to month
and year, necessitating a sensitivity analysis with
qualitatively unchanged conclusions. Other factors,
such as other therapies and changes in insurance
formularies and reimbursements, could affect use of
systemic therapy at the EOL. We mitigated the un-
certainty of unmeasured confounders by including
colon cancer as a control group.

REAL-LIFE IMPLICATIONS:Because ICI use at the EOLhas
been associated with worse patient outcomes, the in-
creased use of ICIs at the EOL, as determined by our study,
raises concerns of declining value-based care at the EOL.
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abstract

PURPOSE As immune checkpoint inhibitors (ICIs) have transformed the care of patients with cancer, it is unclear
whether treatment at the end of life (EOL) has changed. Because aggressive therapy at the EOL is associated
with increased costs and patient distress, we explored the association between the Food and Drug Admin-
istration (FDA) approvals of ICIs and treatment patterns at the EOL.

METHODS We conducted a retrospective, observational study using patient-level data from a nationwide
electronic health record–derived database. Patients had advanced melanoma, non–small-cell lung cancer
(NSCLC; cancer types with an ICI indication), or microsatellite stable (MSS) colon cancer (a cancer type without
an ICI indication) and died between 2013 and 2017. We calculated annual proportions of decedents who
received systemic cancer therapy in the final 30 days of life, using logistic regression to model the association
between the post-ICI FDA approval time and use of systemic therapy at the EOL, adjusting for patient char-
acteristics. We assessed the use of chemotherapy or targeted/biologic therapies at the EOL, before and after FDA
approval of ICIs using Pearson chi-square test.

RESULTS There was an increase in use of EOL systemic cancer therapy in the post-ICI approval period for both
melanoma (33.9% to 43.2%; P, .001) and NSCLC (37.4% to 40.3%; P, .001), with no significant change in
use of systemic therapy in MSS colon cancer. After FDA approval of ICIs, patients with NSCLC and melanoma
had a decrease in the use of chemotherapy, with a concomitant increase in use of ICIs at the EOL.

CONCLUSION The adoption of ICIs was associated with a substantive increase in the use of systemic therapy at
the EOL in melanoma and a smaller yet significant increase in NSCLC.

JCO Oncol Pract 16:e1355-e1370. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Improving end-of-life (EOL) care is critical for patients
with cancer.1 It is well established that aggressive
cancer treatment at the EOL neither improves quality
of life nor prolongs survival.1-3 Patients who receive
systemic cancer treatment at the EOL may experience
less patient-centered care, because they are less likely
to receive hospice services and are exposed to a higher
risk of acute care use, such as emergency department
visits, admissions to the intensive care unit, and death
in the hospital.3-11 Clinical practice guidelines rec-
ommend against the use of cytotoxic chemotherapy in
patients with solid tumor malignancies at the EOL.12,13

Despite these recommendations, the literature has
demonstrated varying results with regard to the use of
cytotoxic chemotherapy at the EOL. Although several
studies have shown a decline in chemotherapy use at

the EOL, others have demonstrated no significant
change in cytotoxic chemotherapy use,14-18 with one
study showing a stable to marginal increase in the use
of targeted therapies at the EOL.18

As immune checkpoint inhibitors (ICIs) have become
part of standard therapy in the treatment of advanced
non–small-cell lung cancer (NSCLC) and melanoma,
concerns about systemic therapy at the EOL must
be reframed in the context of this rapidly changing
treatment paradigm.15 In both NSCLC and melanoma,
ICIs represent a well-tolerated option relative to cy-
totoxic chemotherapy, contributing to widespread
adoption of these agents into clinical practice,14,16

while also leading to increasing concerns regarding
the potential for inappropriate use near the EOL.11,19 In
fact, the clinical decision to use ICIs toward the EOL
among patients with advanced cancer is fraught with
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uncertainty for both patients and providers. Although ICIs
are tolerated by most patients, immune-mediated toxicity is
not uncommon, and life-threatening adverse events have
been reported.19-25 Additionally, responses are difficult to
predict in the absence of a reliable biomarker. Because
median time to response ranges from 2-6months in NSCLC
and nearly 3 months in melanoma,26,27 even responders
may not live long enough to derive benefit from these
agents. Finally, Glisch et al11 showed that the use of ICIs at
the EOL was associated with lower hospice enrollment and
higher rates of in-hospital death.

Given the prior evidence concerning lack of benefit for
systemic therapy at the EOL, it is important to understand
whether the availability and adoption of ICIs has altered
patterns of systemic therapy use during this period. To
begin to address this gap in knowledge, we undertook
a study to examine whether and how availability of ICIs
altered use of systemic therapy at the EOL. Specifically, we
determined (1) changes in the use of overall systemic
therapy at the EOL in patients with 2 cancer types for which
ICIs are approved by the Food and Drug Administration
(FDA; melanoma and NSCLC), as well as for patients with
a cancer type for which ICIs are not FDA approved or used
in clinical practice (microsatellite stable [MSS] colon
cancer), and (2) the association between adoption of ICIs
into clinical practice and use of other systemic cancer
therapies, such as cytotoxic chemotherapy and biologics/
targeted therapies at the EOL. We hypothesized that the
availability and adoption of ICIs has led to increased use of
systemic therapy at the EOL in melanoma and NSCLC and
that ICIs have replaced the use of other types of therapy (ie,
cytotoxic chemotherapy and/or targeted/biologic therapies)
at the EOL for these cancer types. We compared these
patterns with those of MSS colon cancer, a cancer type for
which there is no FDA approval for ICIs. In MSS colon
cancer, prior literature has described no change in use of
cytotoxic chemotherapy at the EOL.28,29 Therefore, we
hypothesized that in contrast to cancer types for which ICIs
have been FDA approved, there has been no significant
change in use of systemic therapy in MSS colon cancer at
the EOL during the study time period.

METHODS

Study Design

We conducted a retrospective cohort study using a large,
national database to determine the association between the
FDA approval of ICIs in melanoma and NSCLC and patterns
of systemic cancer treatment at the EOL, using MSS colon
cancer as a comparator. The pre-ICI and post-ICI treatment
periods were centered around the FDA approval dates
of the programmed death-1 (PD-1) inhibitors, pem-
brolizumab on September 4, 2014, and nivolumab on
March 4, 2015, for melanoma and NSCLC, respectively
(Appendix Figures A1 and A2; online only).30 We examined
the relation between the FDA approval of ICIs and systemic

therapy use at the EOL among patients with each cancer
type using logistic regression analysis. We assessed the use
of ICIs, cytotoxic chemotherapy, and/or targeted/biologic
therapies at the EOL before and after the FDA approval of
ICIs, using Pearson chi-square test.

Data Source

We used the Flatiron Health Database31 which contains
longitudinal, de-identified patient-level electronic health
record (EHR) data from a nationwide, geographically and
demographically diverse population. At the time of this
study, it included data from 265 cancer clinics at ap-
proximately 800 sites of care, with more than 2 million
patients with cancer in the United States available for
analysis. Flatiron Health captures EHR data from both
structured and unstructured sources, using technology-
enhanced abstraction techniques.31 Abstracted diagnosis
dates, stage at diagnosis, oral anticancer medications, and
line of therapy were used in this study. Flatiron Health holds
an institutional review board approval that was obtained
before study conduct with a waiver of informed consent.
The data provided to Yale were de-identified, with pro-
visions to prevent reidentification to protect patients’
confidentiality. The Yale Human Investigations Committee
deemed this study nonhuman subjects research.

Cohort Selection

The study sample included decedents with a diagnosis of
advanced melanoma, NSCLC, or MSS colon cancer who
died between January 1, 2013, and April 30, 2017. Ad-
vanced disease was defined as the presence of stage IIIB/IV
disease at the time of diagnosis or the development of
metastasis after initial diagnosis in patients with melanoma,
NSCLC, or MSS colon cancer by the American Joint
Committee on Cancer staging, 7th edition, at the time of
diagnosis.32 Patients were excluded if there was no evi-
dence that the patient was actively seeking care in the
health care system through presence of recorded vitals,
clinic visits, medication administration/medication orders,
which also included supportive care, such as administra-
tion of intravenous fluids. Patients receiving treatment in
a clinical trial at the EOL were also excluded because the
details regarding which drugs were administered in the
clinical trial were not available.

Construction of Variables

The primary dependent variable was systemic therapy in
the final 30 days of life, where systemic therapy was defined
as any cytotoxic chemotherapy, ICI, or targeted/biologic
therapy administered to the patient. Hormone therapies
were not included as systemic therapy for the specific
cancer types included in this study. Details of systemic
therapy use was derived from medication orders and ad-
ministration data. In addition to PD-1 inhibitors, cytotoxic
T-lymphocyte–associated protein 4 (CTLA-4) inhibitors first
approved in 2011 and programmed death-ligand 1 (PD-L1)
inhibitors first approved in 2016 were also categorized as
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ICIs. Patient characteristics included age at death, sex,
race, year of diagnosis, number of comorbidities, stage at
initial diagnosis, and date of death. Comorbidities were
assessed by using the categories outlined by Elixhauser
et al33 by International Classification of Diseases (9th re-
vision; ICD9)/ICD10 diagnosis codes. The comorbidity
variable was defined as a sum of the number comorbidities.
Race was included as a covariate because racial disparities
exist in the treatment of cancer.34,35 There have been
substantial disparities in receipt of recommended treat-
ments between Black patients and White patients, and
these disparities have remained unchanged over time.35

Date of death details were provided at the level of month
and year of death for each patient to guard against iden-
tification of protected health information. To ascertain
systemic therapy use in the final 30 days of life, we assigned
death date as the 15th day of the month. To account for this
imprecision, this was followed by a sensitivity analysis, with
date of death assigned alternatively to the first or last days of
the month. Notably, Flatiron Health mortality information
is derived from EHR data, supplemented with Flatiron’s
commercial mortality source and the US Social Security
Death Index. The data are highly reliable, with sensitivity
between 85% and 91%, and a specificity. 97%, relative to
the National Death Index.36

Statistical Analysis

We used descriptive statistics to define the demographic,
clinical, and treatment characteristics of the study samples.
We assessed the relation between demographic and
clinical characteristics and receipt of cancer therapy at the
EOL by using the Pearson’s chi-square test.

Change in use of any systemic therapy. We used logistic
regression to model the association between the post-ICI
approval time period (the independent variable) and the
use of systemic therapy in the final 30 days of life (the
dependent variable), adjusting for sex, age at diagnosis,
race, comorbidities, and stage at diagnosis. Pre- and post-
ICI time periods were set by the respective ICI approval
dates for NSCLC and melanoma. For each of these
2 cancer types, we also constructed logistic regression
models with colorectal cancer as the control, using these
ICI approval dates as the before and after time periods to
create comparison groups.

Change in use by therapeutic classes. To understand the
association between ICI approval and the use of other
systemic cancer treatments at the EOL, such as cytotoxic
chemotherapy and biologic/targeted therapies, we de-
termined the proportion of each type of systemic therapy at
the EOL in the pre- and post-ICI approval time periods.
Pearson chi-square test was used to assess change of
systemic therapy type at the EOL on the FDA approval of ICI
across cancer types. We used SAS 9.4 (SAS Institute, Cary,
NC) to perform all statistical analyses and used a 2-sided
P of , .05 for statistical significance.

RESULTS

Patient cohorts consisted of 21,680 patients with NSCLC,
1,653 with melanoma, and 1,545 with MSS colon cancer.
The majority (70.4%) were non-Hispanic White patients.
The melanoma cohort consisted primarily of men (69%),
whereas both NSCLC and MSS colon cancer had a rela-
tively even distribution between male and female de-
cedents. The majority of decedents in each cohort had
stage IV disease at the time of treatment initiation (Table 1).

Change in Use of Any Systemic Therapy

In the pre-ICI study time period, 33.9% of patients with
melanoma received systemic therapy at the EOL, which
increased to 43.2% in the post-ICI time period (P , .001;
Table 2; Appendix Table A1, online only). In patients with
advanced NSCLC, the use of systemic therapy at the EOL
increased from 37.4% in the pre-ICI time period to
40.3% in the post-ICI time period (P , .001; Table 2;
Appendix Table A2, online only). In contrast, the control
group of decedents with MSS colon cancer demonstrated no
significant increase in use of systemic therapy at the EOL
(P 5 .62 and .37 for each FDA approval date of ICIs in mel-
anoma and NSCLC, respectively; Tables 2 and 3).

After controlling for patient characteristics, there were
significantly higher odds of receiving systemic treatment at
the EOL in the post-ICI time period compared with the pre-
ICI time period in melanoma (odds ratio [OR], 1.42;
95% CI, 1.09 to 1.86; P , .001) and NSCLC (OR, 1.13;
95% CI, 1.06 to 1.20; P , .001; Table 3; Appendix Table
A3, online only). For patients with MSS colon cancer, there
was no significant difference in receipt of systemic therapy
in the pre- and post-melanoma ICI approval time period
(OR, 1.18; 95% CI, 0.81 to 1.71; P 5 .38; Appendix Table
A3), as well as in the pre- and post-NSCLC ICI approval time
period (OR, 1.11; 95% CI, 0.84 to 1.48; P 5 .45; Table 3;
Appendix Table A3).

Change in Use by Therapeutic Classes

The approval of ICIs in melanoma and NSCLC was asso-
ciated with a change in treatment patterns of cytotoxic
chemotherapy and targeted/biologic therapy use at the
EOL. After the approval of ICIs in melanoma, the use of
cytotoxic chemotherapy decreased from 11.1% to
3.7% (P , .001; Table 2), and the use of biologic/targeted
therapies remained stable (13.6%-12.0%; P .34; Table 2) .
Conversely, the use of ICIs at the EOL increased from
15.5% to 32.7% (P, .001; Table 2; Fig 1). Notably, ICI use
in patients with melanoma before FDA approval of pem-
brolizumab in 2014 represented treatment with the CTLA-4
inhibitor, ipilimumab, rather than the PD-1 or PD-L1 in-
hibitors, which were the main focus of this study.

Among patients with NSCLC, although overall EOL therapy
use increased, there was a decrease in use of cytotoxic
chemotherapy (32.2%-26.7%; P , .001) and biologic/
targeted therapies (11.9% to 10.8%; P 5 .018) from the
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pre-ICI to post-ICI time periods (Table 2). Hence, the net
increase of 2.9% (P , .001) in the use of systemic therapy
was associated with the increase in use of ICIs at the EOL
(from 0.1% to 12.6%; P, .001; Fig 1). Decedents with MSS
colon cancer did not have a statistically significant change in
use of cytotoxic chemotherapy or targeted/biologic therapies
during the study period.

DISCUSSION

To our knowledge, this is the first study to characterize the
relationshipbetween theapproval of ICIs and systemic treatment
patterns in the final 30 days of life in patients with melanoma
and NSCLC. We found that FDA approvals of ICIs for advanced
NSCLC and melanoma were associated with a significant in-
crease in the use of systemic cancer therapy at the EOL and that
this increase in treatment was associated with the adoption of
ICIs into clinical practice. In contrast, there was no significant
change in the use of systemic therapy at the EOL for MSS colon
cancer, a cancer type for which there is no indication for ICI use.

Prior literature assessing the influence of ICIs on EOL care
in patients with urothelial cell carcinoma similarly demonstrated
that the proportion of patients who started any systemic

therapy at the EOL doubled between 2015 and 2017, and that
this changewas primarily driven by the adoption of ICIs.37 That
study was limited in that it focused on a single tumor type and
did not use a comparison group. Furthermore, studies con-
ducted in the pre-ICI era assessing trends in use of cytotoxic
chemotherapy at the EOL in multiple tumor types, including
colon cancer, demonstrated that there was little to no sig-
nificant change over time,17,38,39 consistent with our findings of
no significant change in use of systemic therapy in decedents
with MSS colon cancer. Previous studies reported that
7%-10% of patients with melanoma40 and 43% with NSCLC
received chemotherapy at the EOL,41 similar to our findings in
the pre-ICI approval time periods.

As newer therapies have become available in NSCLC, more
patients have received these new therapies for longer
periods of time, suggesting more use at the EOL, as de-
scribed by Murillo and Koeller.41 On one hand, we have
identified a similar trend with the availability of ICIs with an
increase in the use of systemic therapy at the EOL coincident
with the introduction of this therapeutic option. On the other
hand, tumors such as melanoma that are considered to
be chemo-insensitive are associated with a lower rate of
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FIG. 1 Change in use of immune checkpoint inhibitors (ICIs) and any systemic therapy across pre– and post–Food and Drug Administration (FDA)
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receiving palliative chemotherapy at any time period com-
pared with chemosensitive tumors.4 However, in the context
of the availability of ICIs, to which melanoma is responsive,
there may now be a greater willingness to use these drugs at
the EOL, leading to an increase in use of systemic cancer
therapy as demonstrated by this study.

There are several potential reasons for the adoption of
ICIs in the EOL setting. Because patients tend to have

a worsening performance status as they near the EOL,42 ICI
use may be favored because of the perception that these
drugs are better tolerated than cytotoxic chemotherapy.
Parikh et al37 found that after the FDA approval of atezo-
lizumab in 2016, there was an increase in the initiation of
ICIs in the final 60 days of life among patients with a poor
performance status, with no significant change in those
with a good performance status. Clinicians may offer, and

TABLE 1. Summary of Cohort Characteristics

Characteristic

Cancer Type

NSCLC
(n 5 21,680)

Melanoma
(n 5 1,653)

MSS Colon Cancer
(n 5 1,545) P a

Age at death, years

# 45 312 (1.4) 125 (7.6) 196 (12.7) , .001

46-55 1,963 (9.1) 205 (12.4) 300 (19.4)

56-65 5,312 (24.5) 363 (22.0) 392 (25.4)

66-75 7,847 (36.2) 426 (25.8) 368 (23.8)

76-85 6,246 (28.8) 534 (32.3) 289 (18.7)

Sex

Female 9,883 (45.6) 508 (30.7) 695 (45.0) , .001

Male 11,797 (54.4) 1,145 (69.3) 850 (55.0)

Race

Non-Hispanic White 15,162 (77.9) 1,361 (91.5) 988 (69.2) , .001

Non-Hispanic Black 1,723 (8.9) 8 (0.5) 161 (11.3)

Hispanic or Latino 604 (3.1) 31 (2.1) 107 (7.5)

Asian 407 (2.1) 3 (0.2) 51 (3.6)

Other 1,576 (8.1) 85 (5.7) 121 (8.5)

No. of comorbiditiesb

0 12,004 (53.4) 731 (44.2) 782 (50.6) , .001

1 6,100 (28.1) 552 (33.4) 436 (28.2)

2 2,125 (9.8) 210 (12.7) 194 (12.6)

$ 3 1,451 (6.7) 160 (9.7) 133 (8.6)

Year of death

2013 4,015 (18.5) 273 (16.5) 43 (2.8) , .001

2014 4,940 (22.8) 403 (24.4) 177 (11.5)

2015 5,325 (24.6) 422 (25.5) 396 (25.6)

2016 5,545 (25.6) 424 (25.7) 654 (42.3)

2017 1,855 (8.6) 131 (7.9) 275 (17.8)

Stage at diagnosis

1 1,564 (7.5) 135 (11.3) 25 (1.6) , .001

2 991 (4.8) 251 (21.0) 158 (10.5)

3 4,102 (19.7) 281 (23.5) 380 (25.2)

4 14,147 (68.0) 531 (44.3) 948 (62.7)

NOTE. All data are No. (%) unless otherwise specified.
Abbreviations: MSS, microsatellite stable; NSCLC, non–small-cell lung cancer.
aChi-square test for the distribution of cohort characteristics.
bComorbidities were assessed using International Classification of Diseases (9th revision; ICD9) and ICD10 diagnosis codes using the

comorbidity categories outlined by Elixhauser et al.33
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patients may request, a trial of ICIs without known benefit at
the EOL and risk the adverse events.19,40,43

Because ICIs offer the potential for a durable response,
oncologists who have limited treatment options to offer may
turn to it as a final option. Studies have shown that phy-
sicians spend little time discussing prognostic implications

of scans, instead focusing on treatment.44,45 Moreover,
physicians’ estimation of EOL tends to favor an optimistic
prognosis,46,47 which may lead toward the use of systemic
therapy near the EOL. Additionally, prolonged physician
counseling at the EOL may be limited because of time
constraints of busy clinics, which may affect physician

TABLE 2. Decedents Receiving Each Category of Systemic Cancer Therapy Before and After FDA Approvals of ICIs for Melanoma andMSS Colon
Cancer and NSCLC and MSS Colon Cancer

Category

Melanoma

P a

MSS Colon Cancer

P a

Index Time Periods (prepost)
Sep 4, 2014

Index Time Periods (prepost)
Sep 4, 2014

Pre
(n 5 552)

Post
(n 5 1,114)

Pre
(n 5 137)

Post
(n 5 1,418)

ICI at EOL 85 (15.5) 362 (32.7) , .001 0 (0) 0 (0) N/A

Chemotherapy at EOL 61 (11.1) 41 (3.7) , .001 58 (42.3) 586 (41.6) .87

Targeted/biologic therapy at EOL 75 (13.6) 133 (12.0) .34 43 (31.4) 471 (33.5) .62

Chemotherapy and/or biologic therapy at EOL 126 (23.0) 169 (15.3) , .001 61 (44.5) 658 (46.7) .62

Any systemic therapy at EOL 186 (33.9) 477 (43.2) , .001 61 (44.5) 658 (46.7) .62

NSCLC

P a

MSS Colon Cancer

P a

Index Time Periods (prepost)
Mar 4, 2015

Index Time Periods (prepost)
Mar 4, 2015

Pre
(n 5 9,917)

Post
(n 5 11,899)

Pre
(n 5 269)

Post
(n 5 1,286)

ICI at EOL 5 (0.1) 1,488 (12.6) , .001 0 (0) 0 (0) N/A

Chemotherapy at EOL 3,169 (32.2) 3,162 (26.7) , .001 109 (40.5) 535 (41.9) .67

Targeted/biologic therapy at EOL 1,168 (11.9) 1,280 (10.8) .018 77 (28.6) 437 (34.3) .08

Chemotherapy and/or biologic therapy at EOL 3,678 (37.3) 3,689 (31.2) , .001 118 (43.9) 601 (47.1) .33

Any systemic therapy at EOL 3,682 (37.4) 4,767 (40.3) , .001 118 (43.9) 601 (47.1) .33

Abbreviations: EOL, end of life; FDA, Food and Drug Administration; ICI, immune checkpoint inhibitor; MSS, microsatellite stable; N/A, not
available; NSCLC, non–small-cell lung cancer.

aChi-square test to determine the relationship between time and systemic therapy type at EOL.

TABLE 3. Logistic Regression Modeling the Use of Systemic Therapy at the End of Life

Cancer Type and Index Time Pre-ICI or Post-ICI
Unadjusted OR

(95% CI) P
Multivariate OR

(95% CI) P

Melanoma index time:
Sep 4, 2014

Pre-ICI 1.00 1.00

Post-ICI 1.48 (1.19 to 1.83) , .001 1.42 (1.09 to 1.86) , .001

MSS colon cancer index time:
Sep 4, 2014

Pre-ICI 1.00 1.00

Post-ICI 1.09 (0.77 to 1.56) .62 1.19 (0.82 to 1.72) .37

NSCLC index time:
Mar 4, 2015

Pre-ICI 1.00 1.00

Post-ICI 1.13 (1.07 to 1.20) , .001 1.13 (1.06 to 1.20) , .001

MSS colon cancer index time:
Mar 4, 2015

Pre-ICI 1.00 1.00

Post-ICI 1.14 (0.87 to 1.48) .33 1.12 (0.85 to 1.48) .43

NOTE. Logistic regression model was adjusted for sex, age at diagnosis, race, comorbidities, and stage at diagnosis. See Table 3 for additional
details.

Abbreviations: ICI, immune checkpoint inhibitor; MSS, microsatellite stable; NSCLC, non–small-cell lung cancer; OR, odds ratio.
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willingness and opportunity to address these important
topics.4

Prior literature has recognized that limiting chemotherapy
at the EOL improves quality of life,48,49 and as a result,
chemotherapy use at the EOL is now recognized as ametric
of poor quality care.48 Notably, these studies were designed
to evaluate the impact of chemotherapy at the EOL and not
ICIs, which are associated with a different set of toxicities
and potential outcomes. Future studies must explore the
impact of EOL ICI use on patient outcomes, including cost
of care and quality of life.

Using a study population comprising decedents has ad-
vantages and limitations.50-52 One disadvantage of this
approach is the potential for introducing biased inferences
regarding treatment patterns through the exclusion of
patients who may have received treatment near the EOL
and subsequently responded to treatment. To mitigate this
potential bias, our study evaluated a limited duration of time
before death.50,52 A decedent-based analytic approach has
the advantage of using a selection of patients that is not
dependent on physicians’ clinical prediction of survival,
which tends to overestimate survival.53-55 Furthermore, the
time relationship to death is known, therefore allowing for
the analysis of details regarding systemic therapy use in
a well-defined timeframe.50,51

We acknowledge additional limitations to this study. Al-
though geographically and demographically diverse, our
population was limited to patients primarily in community
oncology practices, limiting our understanding of the ac-
ademic oncology practice setting. Additionally, we were
unable to adjust for line of therapy or performance status,
variables that may affect EOL treatment decisions, because
of a high degree of missing data for both variables
(30% and 51%, respectively). However, we performed
a sensitivity analysis incorporating these covariates into the
model, with conclusions remaining unchanged. Notably,
there was also a restriction on the details of the date of
death to month and year, also necessitating a sensitivity
analysis with qualitatively unchanged conclusions. By run-
ning the sensitivity analysis, we were able to show that despite

having death data at the level of month and year, our con-
clusions did not change based on the specific day of death
(Appendix Tables A4 and A5).

Other factors, such as other therapies and changes in
insurance formularies and reimbursements, could affect
use of systemic therapy at the EOL. We mitigated the
uncertainty of unmeasured confounders by including colon
cancer as a control group, not expecting to have changes in
use in response to an FDA approval of an ICI in a different
cancer type. Notably, the overall increase in patients with
NSCLC and patients with MSS colon cancer was similar
(approximately 3% increase); although MSS colon cancer
is in many ways an ideal comparator from a clinical per-
spective, the sample size in the data was relatively small,
contributing to the lack of significance in this group. Cer-
tainly, MSS colon cancer having had relatively limited FDA
drug approvals during the study time period may have
affected use of systemic therapy at the EOL in this group.
Although ICIs have been approved in many cancer types
beyond those studied here, the generalizability of our
findings is limited to NSCLC, melanoma, and MSS colon
cancer. Furthermore, we were unable to delineate the
patients who initiated ICIs near the EOL, which would have
allowed for additional insight into treatment patterns at the
EOL associated with the adoption of ICIs. However, as more
ICIs are developed and approved in new tumor types and in
earlier-stage disease, the use of ICIs in patients near the
EOL will continue to evolve.

In conclusion, we found that FDA approval of ICIs for
metastatic melanoma and NSCLC was associated with an
increase in the use of systemic treatment at the EOL at-
tributable to the adoption of ICIs into clinical practice. For
patients with melanoma, the adoption of ICIs was associ-
ated with a substantive increase in EOL treatment driven by
ICIs, whereas in patients with NSCLC, ICIs to large extent
were replacing cytotoxic chemotherapy in the EOL setting.
Because ICI use at the EOL has been associated with worse
patient outcomes,11 the increased use of ICIs at the EOL,
as determined by our study, raises concerns of declining
value-based care at the EOL.
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APPENDIX

20172015 2016

March 2015 FDA
approval of nivolumab

in second-line advanced
squamous NSCLC

October 2015 FDA
approval of nivolumab in

second-line advanced
non-squamous NSCLC

October 2015 FDA
approval of

pembrolizumab in 
second-line advanced

NSCLC

October 2016 FDA approval
of pembrolizumab in first-line

advanced NSCLC with
PD-L1 > 50%

October 2016 FDA
approval of atezolizumab in

second-line advanced
NSCLC

FIG A2. Timeline showing the US Food and Drug Administration (FDA) approval of immune checkpoint inhibitors in
the treatment of non–small-cell lung cancer (NSCLC) during the study time period. PD-L1, programmed death-
ligand 1.

201720162015

December 2014 FDA
approval of nivolumab

for advanced melanoma

October 2015 FDA
approval of

nivolumab with
ipilimumab in BRAF

WT melanoma

December 2015 FDA
approval of

pembrolizumab in first-
line advanced

melanoma 

September 2014 FDA
approval of

Pembrolizumab  in 
second-line advanced

melanoma

January 2016 FDA
approval of nivolumab

with ipilimumab in
melanoma across

BRAF status

December 2017 FDA
approval of nivolumab as

adjuvant therapy

FIG A1. Timeline showing the US Food and Drug Administration (FDA) approval of immune checkpoint inhibitors in
the treatment of melanoma during the study time period. WT, wild type.
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TABLE A1. Sample Proportions to Assess the Significance of Change from Pre- to
Post-ICI Time Period in NSCLC

Outcome

Sample Proportions

P aEstimate (%) 95% CI (%)

No systemic therapy

Preperiod 62.6 61.7 to 63.6

Postperiod 59.7 58.8 to 60.6

Change prepost 23.0 24.3 to 21.7 , .001

Chemotherapy

Preperiod 32.2 31.2 to 33.1

Postperiod 26.8 25.9 to 27.5

Change prepost 25.4 26.6 to –4.2 , .001

Targeted therapy

Preperiod 11.9 11.2 to 12.5

Postperiod 10.8 10.3 to 11.4

Change prepost 21.0 21.9 to –0.2 .018

Targeted and chemotherapy

Preperiod 37.3 36.4 to 38.3

Postperiod 31.2 30.4 to 32.0

Change prepost 26.1 27.4 to –4.9 , .001

ICI

Preperiod 0.1 0.02 to 0.1

Postperiod 12.6 12.0 to 13.2

Change prepost 12.5 11.9 to 13.1 , .001

Abbreviations: ICI, immune checkpoint inhibitor; NSCLC, non–small-cell lung
cancer.

aChi-square test to assess pre- to post-ICI time period changes.
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TABLE A2. Sample Proportions to Assess the Significance of Change from Pre- to
Post-ICI Time Period in Melanoma

Outcome

Sample Proportions

P aEstimate (%) 95% CI (%)

No systemic therapy

Preperiod 66.1 61.9 to 70.0

Postperiod 56.8 54.0 to 59.8

Change prepost 29.2 214.2 to 24.3 , .001

Chemotherapy

Preperiod 11.1 8.6 to 14.1

Postperiod 3.7 2.7 to 5.0

Change prepost 27.4 210.3 to 24.6 , .001

Targeted therapy

Preperiod 13.7 10.9 to 16.9

Postperiod 12.0 10.2 to 14.1

Change prepost 21.7 25.1 to 1.8 .34

Targeted and chemotherapy

Preperiod 23.0 19.5 to 26.7

Postperiod 15.3 13.2 to 17.6

Change prepost 27.7 211.8 to 23.6 , .001

ICI

Preperiod 15.5 12.6 to 18.8

Postperiod 32.8 30.0 to 35.6

Change prepost 17.3 13.2 to 21.4 , .001

Abbreviations: ICI, immune checkpoint inhibitor; NSCLC, non–small-cell lung
cancer.

aChi-square test to assess pre to post-ICI time period changes.
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TABLE A4. Sensitivity Analysis With Death Date Set to the First Day of the Month Showing Percentage of Decedents Receiving Each Category of Systemic
Cancer Therapy Before and After FDA Approval of ICIs for Each Cancer Type

Cancer Type Pre-ICI/Post-ICI Use of ICIs (%) P a
Use of Targeted Therapy
and/or Chemotherapy (%) P a

Use of Any Systemic
Therapy (%) P a

Melanoma index time: Sep 4, 2014 Pre-ICI 0 16.5 22.8 35.0

Post-ICI 33.7 , .001 15.8 , .001 44.3 , .001

MSS colon cancer index time:
Sep 4, 2014

Pre-ICI 0 48.5 48.5

Post-ICI 0 N/A 46.9 .71 46.9 .71

NSCLC index time: Mar 4, 2015 Pre-ICI 0.1 39.4 39.5

Post-ICI 14.0 , .001 33.7 , .001 43.1 , .001

MSS colon cancer index time:
Mar 4, 2015

Pre-ICI 0 45.0 45.0

Post-ICI 0 N/A 47.6 .42 47.6 .42

Abbreviations: ICI, immune checkpoint inhibitor; MSS, microsatellite stable; N/A, not available. NSCLC, non–small-cell lung cancer.
aChi-square test to determine the relationship between time and systemic therapy type at the end of life.
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TABLE A5. Sensitivity Analysis With Death Date Set to the Last Day of the Month Showing Percentage of Decedents Receiving Each Category of Systemic
Cancer Therapy Before and After FDA Approval of ICIs for Each Cancer Type

Cancer Type Pre-ICI/Post-ICI Use of ICIs (%) P a
Use of Targeted Therapy and/or

Chemotherapy (%) P a
Use of Any Systemic

Therapy (%) P a

Melanoma index time:
Sep 4, 2014

Pre-ICI 9.3 16.0 23.27

Post-ICI 20.8 , .001 10.2 , .001 27.9 .04

MSS colon cancer
index time:
Sep 4, 2014

Pre-ICI 0 33.6 33.6

Post-ICI 0 N/A 27.8 0.15 27.8 .15

NSCLC index time:
Mar 4, 2015

Pre-ICI 0.03 24.3 24.3

Post-ICI 7.8 , .001 19.6 , .001 25.8 .009

MSS colon cancer
index time:
Mar 4, 2015

Pre-ICI 0 30.9 30.9

Post-ICI 0 N/A 27.8 .31 27.8 .31

Abbreviations: FDA, Food andDrug Administration; ICI, immune checkpoint inhibitor; MSS,microsatellite stable; N/A, not available; NSCLC, non–small-cell
lung cancer.

aChi-square test to determine the relationship between time and systemic therapy type at the end of life.
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