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Abstract

Background: Patients with hematologic malignancies (HM) often receive aggressive care at the end of life
(EOL). Early palliative care (PC) has been shown to improve EOL care outcomes, but its benefits are less
established in HM than in solid tumors.
Objectives: We sought to describe the use of billed PC services among Medicare beneficiaries with HM. We
hypothesized that receipt of early PC services (rendered >30 days before death) may be associated with less
aggressive EOL care.
Design: Retrospective cohort analysis
Setting/Subjects: Using the Surveillance, Epidemiology, and End Results-Medicare registry, we studied pa-
tients with leukemia, lymphoma, myeloma, myelodysplastic syndrome, or myeloproliferative neoplasm who
died between 2001 and 2015.
Measurements: We described trends in the use of PC services and evaluated the association between early PC
services and metrics of EOL care aggressiveness.
Results: Among 139,191 decedents, the proportion receiving PC services increased from 0.4% in 2001 to
13.3% in 2015. Median time from first encounter to death was 10 days and 84.3% of encounters occurred during
hospitalizations. In patients who survived >30 days from diagnosis (N = 120,741), the use of early PC services
was more frequent in acute leukemia, women, and black patients, among other characteristics. Early PC
services were associated with increased hospice use and decreased health care utilization at the EOL.
Conclusion: Among patients with HM, there was an upward trend in PC services, and early PC services were
associated with less aggressive EOL care. Our results support the need for prospective trials of early PC in HM.

Keywords: end-of-life care; hematologic malignancy; Medicare; palliative care; population; Surveillance,
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Introduction

Despite advances in systemic therapy, many patients
with hematologic malignancies (HM) eventually die of

their disease.1 Advanced age is a major risk factor for
disease-related mortality in HM.2 Patients with HM can ex-
perience high physical and psychological symptom burden,

decline in functional status and quality of life, and more
aggressive end-of-life (EOL) care than patients with solid
organ cancers.3 These findings highlight the need for better
EOL care in patients with HM.

Palliative care (PC) is a medical specialty well-suited for
providing high-quality EOL care. PC specialists provide
complex symptom management, effective communication,
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spiritual, emotional, and social assessments, family-centered
care, and focus on quality of life.3 PC services provided
earlier in the disease course reduce the aggressiveness of
EOL care for patients with advanced solid tumor malignan-
cies.4 Such benefits of early PC, however, have not been
thoroughly studied in HM.5

Several population-level studies in patients with solid tu-
mors have shown that PC was associated with less aggressive
EOL care, including increased hospice use and decreased
health care utilization.6–8 In contrast, studies measuring
similar associations in HM were either qualitative or were
limited by selective single-institution settings and patient
populations.9 To our knowledge, no population-level studies
have examined the association between PC services and the
aggressiveness of EOL care among patients with HM.

Our study had two objectives. First, we sought to describe
the use of billed PC services among Medicare beneficiaries
with HM in terms of frequency, trends over time, and char-
acteristics of the associated encounters. Second, we hypoth-
esized that receipt of early PC services (>30 days before
death) may be associated with less aggressive EOL care,
increased hospice use, and decreased health care utilization,
as suggested by research in solid tumors.4,8

We defined ‘‘early’’ PC services as >30 days before death
since many of the outcome measures involve increased health
care utilization within the last 30 days of life. Although some
patients with HM may experience a rapid decline, when PC
services, such as advance care planning, are provided well
before such decline, it is more likely that these services will
have an observable impact on the aggressiveness of EOL care.

Methods

Data

We identified the study cohort using the National Cancer
Institute’s (NCI) Surveillance, Epidemiology, and End Results
(SEER)-Medicare linked database. SEER is a population-
based cancer registry that collects data from individual cancer
registries representing *34% of the United States popula-
tion.10 The sociodemographic profile in the registry is rep-
resentative of the entire United States population for
participating states. The SEER-Medicare database suc-
cessfully links SEER records to corresponding Medicare
enrollment and claims data for >95% of individuals aged 65
or older at diagnosis.

Patient population

This study included Medicare beneficiaries aged 66 years or
older diagnosed with leukemia, lymphoma, myeloma, mye-
lodysplastic syndrome (MDS), or myeloproliferative neo-
plasm (MPN) who died between 2001 and 2015 (Fig. 1). The
HM diagnoses were determined using World Health Organi-
zation’s histology codes. Consistent with prior studies, our age
criterion allowed for evaluation of preexisting comorbidities
during one year before death.11,12 We included patients re-
gardless of the recorded cause of death, because of known
inaccuracies in the cause of death attributions in registries.12

Patients who were alive at the end of the study period,
patients diagnosed on autopsy or at time of death (<2 days of
survival), patients who were enrolled in hospice before

FIG. 1. Cohort selection. SEER, Surveillance, Epidemiology, and End Results; MDS, myelodysplastic syndrome; MPN,
myeloproliferative neoplasm; PC, palliative care. Color image is available online.
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diagnosis, and patients without Medicare claims in the last
90 days of life were excluded. In addition, we excluded pa-
tients who did not have continuous Medicare fee-for-service
(parts A and B) enrollment from 12 months before diagnosis
to the time of death, or if they were enrolled in Medicare
Advantage (part C) from 396 to 30 days before death, since
these patients had incomplete Medicare claims data. We used
the timeframe of 396 to 30 days before death to calculate the
NCI-modified Charlson comorbidity index.13

Identification of billed PC services

We identified billed PC services using the International
Classification of Diseases (ICD), ninth revision (ICD-9) code
V66.7 and the ICD tenth revision (ICD-10) code Z51.5
(‘‘Encounter for palliative care’’) included in claims from
inpatient or outpatient physician encounters (within the
Medicare Carrier Claims and Hospital Outpatient files).14 In a
single-center validation study, the v66.7 code demonstrated
high specificity (although low sensitivity) to true specialty PC
services.15 In case of multiple PC encounters, we used the
first encounter as an indicator of initiation of PC services.

We categorized the location of PC services as office, acute
care hospital, emergency department (ED), skilled nursing
facility, or home according to the indicator included in as-
sociated claims. The medical specialties and types of health
care practitioners performing PC services were also deter-
mined from claims. Rare claims with PC encounter codes
from clinicians with unrelated specialties (e.g., radiology,
surgery, dermatology) were excluded from the analysis.

‘‘Early’’ and ‘‘late’’ PC services were those rendered
>30 days and £30 days before death, respectively. ‘‘Any PC
services’’ included all PC encounter claims regardless of the
timing. Therefore, beneficiaries with ‘‘no early PC services’’
included both those without any PC services and those with
‘‘late PC services’’ (Fig. 1).

Outcomes

We examined the association between receipt of early
billed PC services and the following outcomes based on
National Quality Forum EOL care quality metrics: receipt of
chemotherapy in the last 14 days of life, >1 ED visit in the last
30 days of life, use of intensive care unit (ICU) services in last
30 days of life, absence of hospice enrollment, and enroll-
ment in hospice for <3 days before death.16 Additional end-
points included the following: >1 hospital admission in the
last 30 days of life, death during hospitalization, and number
of days on hospice.

Covariates

Covariates for analysis were selected a priori based on
clinical expertise of the researchers, regardless of statistical
significance. Histologic subtypes of HM were identified by
morphology codes according to the World Health Organi-
zation designation, and classified as acute leukemia, chronic
or unspecified leukemia, aggressive lymphoma, indolent or
unspecified lymphoma, plasma cell myeloma, MDS, or
MPN.17 Sociodemographic data included age, sex, race/eth-
nicity (as recorded by SEER), marital status, and Medicaid
enrollment status (indicator of disability or poverty). To ac-
count for baseline health status, we estimated the NCI-

modified Charlson comorbidity index using inpatient and
outpatient claims from 396 to 30 days before death.13 This
analytic timeframe was selected to allow uniform ascertain-
ment of covariates for all decedents, regardless of their ex-
posures or outcomes, and to account for a highly variable
survival in HM under study, which ranges from weeks to
many years, without introducing immortal time bias. In ad-
dition, presence of moderate-severe renal disease and per-
formance status was estimated using a validated measure of
self-reported functional status in the same time window.18 To
differentiate beneficiaries who received supportive care only
for the management of their HM from those who received
active therapy, we also identified administration of chemo-
therapy within the same ascertainment timeframe, using
Medicare claims as previously described.12,19

Statistical analysis

We described characteristics of patients and billed PC
services using proportions for categorical variables, and
medians with interquartile ranges for continuous variables.
The ‘‘descriptive cohort’’ in this study comprised patients
who met both inclusion and exclusion criteria, regardless of
survival time. Within this cohort, we graphically represented
trends in the use of ‘‘any billed PC services’’ and ‘‘early
billed PC services’’ between 2001 and 2015.

The ‘‘analytic cohort’’ comprised patients who survived
>30 days from diagnosis, and was used for further analyses to
avoid mortality bias (excluded patients with shorter survival
times would not be able to receive early PC services ac-
cording to our definition). The association between covari-
ates and receipt of early PC services was examined in a
mixed-effects multivariable logistic regression that included
the indicator of calendar year of death, using a random in-
tercept for the Health Services Area to account for local
variation in billing intensity, and reporting adjusted odds
ratios. The association between receipt of early PC services
and EOL care outcomes was examined in analogous mixed-
effects generalized linear models for binary outcomes (robust
Poisson) or count outcomes (negative binomial), reporting
adjusted relative risk or duration, respectively. All model
estimates are provided with 95% confidence intervals.
However, considering a very large dataset, we considered
both statistical and clinical significance (i.e., relative and
absolute effect sizes) when interpreting the results. Statistical
analysis was conducted using Stata/MP 15.1 (StataCorp
LLC, College Station, TX).

The Institutional Review Board of Rhode Island Hospital
deemed this study exempt from review. This study did not
require patient consent because patient information was
deidentified in administrative data.

Results

Of 139,191 decedents with HM (descriptive cohort), 7270
(5.2%) received any billed PC services and 2013 (1.7%) re-
ceived early billed PC services. The proportion of benefi-
ciaries receiving any billed PC services increased from 0.4%
in 2001 to 13.3% in 2015 (Fig. 2A). Median time from first
PC encounter to death was 10 days. Of all PC encounters,
84.3% occurred during hospital admissions and 5.9% during
office visits. The proportion of patients with early billed PC
services increased from 0.2% in 2001 to 4.3% in 2015.
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Median time from the first early PC encounter to death was
82 days. Of these encounters, 74.9% occurred during hospital
admissions, and 14.8% during office visits. The proportion of
billed PC services (any or early) were similar among patients
with HM of different histologies (Fig. 2B).

PC services were billed most commonly by health care
practitioners identified as general medicine (internal and
family medicine) physicians (45.6%), nurse practitioners
(NPs) (27.0%), and hospice and palliative medicine (HPM)
physicians (12.3%; Fig. 2C). The overall volume of billed PC
services increased over time across all clinician-types,
whereas the proportion of claims from HPM physicians and
NPs increased and the proportion of claims from other phy-
sicians decreased.

Further analysis was conducted on the 120,741 (86.7%)
beneficiaries who survived >30 days from the HM diagnosis
(analytic cohort). Within this group, we compared charac-
teristics of patients who received early billed PC services
(N = 2013) to those with no early billed PC services
(N = 118,728; Table 1). In a multivariable model, early billed
PC services were rendered significantly more frequently to
patients with acute leukemia (compared with other HM
subtypes), women, black patients, patients with higher co-
morbidity indices or poor performance statuses, patients with
end-stage renal disease, and patients who received chemo-
therapy at any time after HM diagnosis. Early billed PC
services were less frequent among patients aged 80 and older
compared with younger individuals.

We observed significant differences in the EOL care out-
comes among patients who did or did not receive early billed
PC services (Table 2). Recipients of early billed PC services
had a relative 20% higher rate of using hospice services be-
fore death, 50% longer average hospice length of stay (if
enrolled), and 15% higher chance of using hospice services
for >3 days before death. Furthermore, receipt of early billed
PC services was associated with a statistically significant and
clinically meaningful decrease in aggressive care at the EOL,
as measured by each of the following outcomes: >1 ED visit
or hospitalization, ICU admission, death in the acute hospital
setting, or chemotherapy use in the last 14 days of life.

Discussion

To our knowledge, this is the first population-level study
describing the use of billed PC services in patients with HM.
We found that the use of PC services was overall low, re-
gardless of specific histology, although it exponentially in-
creased over time. Most PC services were initiated late in the
disease course. The low proportion of patients with recorded
PC services and increase in billing for such services are
consistent with observations from Medicare beneficiaries
with solid tumors.7,11,20–22 The upward trend in billed PC
services may be related to rapid change in practice patterns
after landmark clinical trials showed benefits of early inte-
grated PC, as well as the recognition of HPM as a separate
board-certified subspecialty in 2006.4,23–25 Better recognition
of PC as a component of supportive care for cancer patients,
rather than terminal care in the last days of life may be
contributing to these changes.26 Alternatively, the observed
trends may simply reflect changes in billing practices. The
increased proportion of HPM physicians and NPs billing for
PC services over time may also reflect the expansion of PC
programs using dedicated NPs and board-certified HPM
physicians.27,28 However, hospitals often use the ICD-9/ICD-
10 billing codes to reflect any inpatient clinician’s docu-
mentation of EOL, terminal, comfort, and/or hospice care.7

A

B

C

FIG. 2. (A) Trends in the proportion of patients receiving
billed PC services by year of death. (B) Proportion of pa-
tients receiving billed PC services based on histology type.
(C) Trends in specialties reported on PC encounter claims.
The Y-axes of (A, B) are truncated at 30% for clarity. PCS,
palliative care services; NOS, not otherwise specified. Color
image is available online.

66 RAO ET AL.



Table 1. Characteristics of Patients Who Did or Did Not Receive Early Billed Palliative Care

Services, and Association of Early Billed Palliative Care Services with These Characteristics

in Multivariable Models (Cohort Limited to Survivors of >30 Days)

Characteristic Total patients

Palliative care Multivariable modela

No early billed
PC services

Early billed
PC services OR (95% CI) p-Value

N 120,741 118,728 2013
Histology group, N (%)

Leukemia, acute 11,241 (9.3) 11,025 (9.3) 216 (10.7) Reference
Leukemia, chronic/NOS 17,424 (14.4) 17,164 (14.5) 260 (12.9) 0.59 (0.49–0.71) <0.001
Lymphoma, aggressive 22,110 (18.3) 21,721 (18.3) 389 (19.3) 0.75 (0.63–0.90) 0.001
Lymphoma, indolent/NOS 24,066 (19.9) 23,693 (20.0) 373 (18.5) 0.62 (0.52–0.74) <0.001
Myeloma 18,674 (15.5) 18,324 (15.4) 350 (17.4) 0.71 (0.59–0.85) <0.001
Myelodysplastic syndrome 21,162 (17.5) 20,814 (17.5) 348 (17.3) 0.62 (0.52–0.74) <0.001
Myeloproliferative neoplasm 6064 (5.0) 5987 (5.0) 77 (3.8) 0.46 (0.35–0.61) <0.001

Age group, at death, N (%)
65 to <70 years 6429 (5.3) 6309 (5.3) 120 (6.0) Reference
70 to <75 years 17,782 (14.7) 17,489 (14.7) 293 (14.6) 0.87 (0.70–1.09) 0.23
75 to <80 years 25,137 (20.8) 24,709 (20.8) 428 (21.3) 0.87 (0.70–1.07) 0.19
80 to <85 years 29,376 (24.3) 28,961 (24.4) 415 (20.6) 0.68 (0.55–0.84) <0.001
85–90 years 25,242 (20.9) 24,801 (20.9) 441 (21.9) 0.78 (0.63–0.97) 0.03
‡90 years 16,775 (13.9) 16,459 (13.9) 316 (15.7) 0.73 (0.58–0.92) 0.01

Sex, N (%)
Men 65,077 (53.9) 64,044 (53.9) 1033 (51.3) Reference
Women 55,664 (46.1) 54,684 (46.1) 980 (48.7) 1.11 (1.01–1.23) 0.03

Race/ethnicity, N (%)
White 102,017 (84.5) 100,400 (84.6) 1617 (80.3) Reference
Hispanic 5938 (4.9) 5846 (4.9) 92 (4.6) 0.92 (0.74–1.16) 0.50
Black 8146 (6.7) 7949 (6.7) 197 (9.8) 1.45 (1.22–1.71) <0.001
American Indian/Alaska Native 355 (0.3) 349 (0.3) cc 0.66 (0.28–1.54) 0.34
Asian/other 4285 (3.5) 4184 (3.5) 101 (5.0) 0.99 (0.78–1.25) 0.93

Marital status, N (%)
Married 61,058 (50.6) 60,073 (50.6) 985 (48.9) Reference
Widowed 35,340 (29.3) 34,781 (29.3) 559 (27.8) 0.98 (0.87–1.10) 0.70
Unmarried/domestic partner 15,588 (12.9) 15,277 (12.9) 311 (15.4) 1.01 (0.88–1.16) 0.83
Unknown 8755 (7.3) 8597 (7.2) 158 (7.8) 1.01 (0.85–1.21) 0.89
Medicaid enrollment status, N (%) 20,456 (16.9) 20,060 (16.9) 397 (19.7) 0.90 (0.79–1.02) 0.11
NCI comorbidity index,b median (IQR) 2.9 (1.2–4.9) 2.9 (1.3–4.8) 3.7 (1.7–6.2) 1.09 (1.07–1.11) <0.001
Poor performance status,b N (%) 42,993 (35.6) 41,880 (35.3) 1113 (55.3) 2.10 (1.90–2.32) <0.001
Moderate-severe renal disease,b N (%) 34,591 (28.6) 33,706 (28.4) 885 (44.0) 1.15 (1.03–1.28) 0.01
Receipt of chemotherapy,b N (%) 43,639 (36.1) 42,792 (36) 847 (42.1) 1.39 (1.26–1.54) <0.001

aMultivariable model adjusting for patient and disease characteristics.
bAscertained within the timeframe of 396 to 30 days before death.
cCategory combined with ‘‘Asian/other’’ due to cell size being <10.
PC, palliative care; OR, odds ratio; NCI, National Cancer Institute; CI, confidence interval; IQR, interquartile range; NOS, not otherwise specified.

Table 2. Claims-Based End-Of-Life Care Metrics among Medicare Beneficiaries

Who Did or Did Not Receive Early Billed Palliative Care Services, and Association

of Early Billed Palliative Care Services with These Metrics in Multivariable Models

EOL care metric
No early billed

PC services
Early billed
PC services

Adjusted RR
or durationa 95% CIa

N 118,728 2013
Death on hospice, % 47 64 1.20 1.15–1.24
Days on hospice, median 9 22 1.50 1.41–1.59
>3 days on hospice, % 73 84 1.15 1.12–1.18
>1 ED visit, last 30 days, % 13 11 0.77 0.69–0.86
>1 hospitalization, last 30 days, % 14 9 0.71 0.61–0.83
ICU admission, last 30 days, % 37 28 0.74 0.69–0.80
Inpatient death, % 38 27 0.78 0.73–0.83
Chemotherapy use, last 14 days, % 7 4 0.59 0.47–0.74

aCoefficient for early billed PC services from a multivariable model adjusting for hematologic malignancy histology, patients’ age, sex,
race, marital status, Medicaid coinsurance, comorbidities, performance status, and year of death.

All p values were <0.0001.
EOL, end-of-life; RR, relative risk; ED, emergency department; ICU, intensive care unit.
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Therefore, the increase in NP claims may also be related to
general workforce changes in acute care settings.28

In our study, receipt of early billed PC services among
older patients with HM was associated with less aggressive
EOL care, increased hospice use, and decreased health care
utilization. These findings support the American Society of
Clinical Oncology’s provisional opinion statement and sub-
sequent clinical guideline, which endorse early integration of
PC services into standard oncologic care.4,29,30 Our obser-
vations mirror findings from a prior study of Medicare ben-
eficiaries with solid organ cancers, which suggested that
earlier PC encounters were associated with reductions in
terminal chemotherapy use and an increase in duration of
hospice length of stay.8 Within the HM space, Selvaggi et al.
found that implementation of a PC service on the bone
marrow transplant unit was associated with an increase in
hospice referrals.9 Although our observations suggest bene-
fits of early integration of PC in patients with HM and as-
sociated EOL care outcomes, more research is needed in this
area, particularly prospective clinical trials.

Our study differs in design compared with prior studies
identifying PC services in Medicare claims. Rather than
study EOL care outcomes for recipients of any billed PC
services, we focused on receipt of early PC services. When
PC services are provided late and close to the EOL, they are
often less influential on the aggressiveness of EOL care.
Consistent with these observations, the EOL care outcomes
were seemingly worse for patients receiving ‘‘late’’ PC ser-
vices than for those who died without any PC services
(Supplementary Table S1 and Supplementary Fig. S1). These
findings may be because patients already receiving aggres-
sive care are referred for specialty PC with the goal of
comfort care upon rapid terminal deterioration. In other
words, late PC services occur in conjunction with more ag-
gressive EOL care, but not as the cause for these outcomes.
Prior literature suggests prognostic uncertainty in HM as one
of the reasons for late PC referrals.5,31 One way to overcome
this barrier is to implement prognosis-independent early in-
tegration of PC with standard hematologic care, as currently
piloted in our and other institutions.5 We note that the min-
imum timeframe to consider ‘‘early’’ PC services in HM is
uncertain and may differ than in solid tumors.32,33 Further
research is also needed to explore the minimum timeframe
necessary to achieve meaningful benefits for PC intervention.

Another important difference is that prior studies identified
inpatient PC services using codes from the inpatient Medi-
care Provider Analysis and Review files. Because these files
provide only summary ICD codes associated with the entire
hospital admission, the exact dates of PC services are not
available. Some researchers choose the last day of hospital-
ization to represent the date of PC services.8 This approach is
not practical in HM, as patients are often hospitalized for
>30 days due to infection or complications of chemotherapy.
In contrast, we used claims collected from physician, phy-
sician assistant, and NP billing, which include the exact day
of service. The trade-off of our approach was potential lower
sensitivity to detect all PC services, as the relevant ICD-9/
ICD-10 codes may not be consistently recorded by practi-
tioners on their claims.

Limitations of our study include its retrospective nature,
which allows us to examine association but not causation.
Another limitation is the reliance on billing codes, which

were originally used to document ‘‘comfort care,’’ ‘‘terminal
care,’’ ‘‘end-of-life care,’’ or ‘‘hospice care,’’ and thus reflect
disease severity for reimbursement purposes.7 This care is not
differentiated in billing claims from true specialty PC, which
is now recognized as expert symptom management, in-depth
conversations about goals of care, advance care planning, and
psychosocial support. Therefore, we could not discern from
claims which components of PC were being provided. To
address this limitation, we defined our exposure of interest as
‘‘billed PC services’’ for a more accurate representation of
the content of these codes. Other studies have also used the
ICD codes as a surrogate of specialty PC services.6–8,11,20,

22,34,35 Ruck et al. state that ‘‘the V66.7 code [is] a blunt
instrument (.), but one that still provides basic information
about PC utilization’’.7 Our decision to examine early PC
services (rendered >30 days before death) decreases the
chance that these services represent documentation of
‘‘comfort care’’ or ‘‘terminal care,’’ rather than true specialty
PC services, although we acknowledge that receipt of early
PC is likely underreported in claims to begin with.

EOL care outcomes data, such as hospice use and health
care utilization, are important quantitative measurements of
the aggressiveness of EOL care. However, these metrics
originate from clinicians’ and administrators’ points of view.
Further research should focus on whether or not these metrics
matter to patients and their families. An analysis of patient-
and caregiver-reported outcomes would serve to better elu-
cidate what EOL care quality means to patients with HM and
to evaluate how specialty PC influences this care.

Conclusion

In conclusion, the use of billed PC services among Medi-
care beneficiaries with HM has increased in recent years, but
most encounters still occur within days of death and in the
inpatient setting. Early receipt of PC services was associated
with less aggressive EOL care, increased hospice use, and
decreased health care utilization suggesting benefits similar
to those observed in solid tumors. Since causation is uncer-
tain in retrospective data, our results strongly support pro-
spective trials of early PC for patients with HM.
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