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Little is known about effective interventions to reduce aggressive end-of-life care in patients with cancer. We did a 
systematic review to assess what interventions are associated with reductions in aggressive end-of-life cancer care. 
We searched MEDLINE, CINAHL, Embase, Scopus, and PsychINFO for randomised control trials (RCTs), quasi-
experimental, and observational studies published before Jan 19, 2018, which aimed to improve measures of 
aggressive end-of-life care for patients with cancer. We developed a taxonomy of interventions using the Systems 
Engineering Initiative for Patient Safety (SEIPS) model to summarise existing interventions that addressed 
aggressive care for patients with cancer. Of the 6451 studies identified by our search, five RCTs and 31 observational 
studies met the final inclusion criteria. Using the SEIPS framework, 16 subcategories of interventions were 
identified. With the exception of documentation of end-of-life discussions in the electronic medical record, no single 
intervention type or SEIPS domain led to consistent improvements in aggressive end-of-life care measures. 
The ability to discern the interventions’ effectiveness was limited by inconsistent use of validated measures 
of aggressive care. Seven (23%) of 31 observational studies and no RCTs were at low risk of bias according to 
Cochrane’s Risk of Bias tool. Evidence for improving aggressive end-of-life cancer care is limited by the absence 
of standardised measurements and poor study design. Policies and studies to address the gaps present in end-of-life 
care for cancer are necessary.

Introduction
Increasingly, patients with advanced cancer are exposed 
to aggressive end-of-life care1–4 that can decrease quality 
of life and care satisfaction, prolong bereavement,5–9 and 
increase health-care utilisation and costs.10 Given these 
consequences, the National Quality Forum11 and Centers 
for Medicare and Medicaid Services (CMS)12 adopted 
several claims-based quality measures targeting 
aggressive end-of-life cancer care. These measures were 
informed by work by Earle and colleagues,13 expert 
opinion, and recommendations from the American 
Society of Clinical Oncology (ASCO);14 and included 
receipt of chemotherapy within 14 days before death, 
more than one emergency room visit or admission to 
hospital in the last 30 days of life, any intensive care unit 
(ICU) admission in the last 30 days of life, and late 
hospice referral (ie, <3 days before death).11,12,14 More 
recently, claims-based measures have become important 
metrics in proposed alternative payment models to 
improve overall cancer care quality.15–17

Despite these efforts, important gaps in how aggressive 
care is measured and mitigated in patients with cancer 
remain. For example, a 2011 systematic review by Luta 
and colleagues18 that included patients with cancer and 
those without cancer identified 28 different categories 
of aggressive end-of-life care measures with highly 
variable end-of-life timeframes, where the majority of 
these measures were unvalidated. More recently, a 2017 
systematic review by Kamal and colleagues19 identified 
284 oncology quality measures within 13 palliative care 
domains. Although end-of-life care was included as a 
domain, this study did not explicitly focus on measures 
of aggressive end-of-life care and interventions related to 
end-of-life.19 Hence, little is known about how end-of-life 
measures are used or what interventions might be 

successful in reducing aggressive end-of-life care among 
patients with cancer. Addressing these gaps is important 
to improve patients’ and caregivers’ quality of life, reduce 
inappropriate health-care utilisation, and ultimately 
inform payment and policy.

Since no previous systematic review has evaluated the 
nature, design, and effectiveness of interventions to 
reduce aggressive end-of-life cancer care, we aimed to 
search the literature to determine how measures of 
aggressive care are being used in patients with cancer, 
and what interventions are associated with reductions in 
aggressive end-of-life care. We hypothesised that care 
measures and interventions would be highly hetero
geneous.

Data collection
Search strategy and selection criteria
Using relevant controlled vocabulary terms and 
keywords, a research librarian (WT) developed a com
prehensive search strategy for each database using the 
following concepts: end-of-life care, aggressive or intense 
care, and cancer (appendix pp 14–16). Sequential, 
individualised searches in MEDLINE via Ovid, CINAHL, 
Embase, Scopus, and PsychINFO were done between 
Dec 1, 2017, and Jan 19, 2018. No filters for language, 
study design, or country of origin were used. We included 
all available articles published before Jan 19, 2018. 
Duplicates were removed in EndNote (version X9), and 
remaining articles were exported to the review 
management software Covidence for study selection. 
We followed PRISMA recommendations.20 The study 
protocol was registered with PROSPERO (number 
CRD42018087528).

Two reviewers (NCA, RKH) independently screened all 
titles and abstracts. Disagreements were resolved by a 
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third reviewer (VC). If a relevant abstract without a full-
text article was identified, we emailed the corresponding 
author to obtain the full-text manuscript. All full-text 
manuscripts were independently appraised by three 
reviewers (NCA, RKH, ADS). We included studies of 
patients aged 18 years or more who were diagnosed with 
cancer and had used at least one quantifiable outcome 
measure of aggressive end-of-life care (defined as 
measures describing health-care utilisation such as 
admission to a hospital, ICU admissions, emergency 
room visits, and hospice enrolment; or life-sustaining 
interventions or life-prolonging measures, such as 
cardiopulmonary resuscitation, mechanical ventilation, 
dialysis, chemotherapy, radiation therapy, or surgery); 
defined the end-of-life timeframe for measures as 1 year 
or less, in accordance with a previous systematic review;18 
and defined an intervention aiming to reduce aggressive 
care at end of life. We excluded studies that reported 
exclusively on cost and those studies that did not define 
an intervention or comparator group. We also excluded 
editorials, perspective pieces, qualitative studies, non-
human studies, and case reports.

Data extraction and quality assessment
Three investigators (NCA, RKH, ADS) entered data from 
studies that met the inclusion criteria into an electronic 
abstraction template adapted from the Cochrane 
Collaboration.21 The template included fields such as 
study population, intervention, study design, and 

outcomes. Examples of outcomes included the use of 
claims-based11,12,14 or previously validated measures of 
aggressiveness,13 or both; whether the intervention led to 
significant reductions in aggressive care (based on a 
reported p≤0∙05); and linkage of measures with patient-
reported or caregiver-reported outcomes, such as quality 
of life or satisfaction scores. We also assessed the risk of 
study bias using the Cochrane Risk of Bias Tool for 
randomised control trials,22 and the Newcastle-Ottawa 
Quality Assessment Scale for observational studies.23

Conceptual framework
We determined whether studies used validated measures 
of aggressive end-of-life care based on the use of claims-
based measures endorsed by ASCO, National Quality 
Forum, or CMS (ie, those reported for purposes of 
reimbursement from administrative or billing data);11,12,14 
other measures validated by Earle and colleagues13 (eg, 
any hospice use; hospital death; more than 14 hospital 
days, any exposure to chemotherapy or targeted agent, or 
initiation of a new chemotherapy regimen in the last 
month of life; and a composite score for total aggressive 
end-of-life care); or novel measures that were internally 
validated by study investigators. For the purposes of our 
systematic review, all other measures were considered 
unvalidated. Given that claims-based measures of 
aggressive end-of-life care were not adopted until 
January, 2012, we identified studies that were published 
either before or after this date.

Using the Systems Engineering Initiative for Patient 
Safety (SEIPS) model as a framework, we developed a 
taxonomy system to summarise existing interventions that 
addressed aggressive care in patients with cancer.24 The 
SEIPS framework uses the concept of a dynamic work 
system consisting of interactions between six elements: 
person (eg, patients, providers, or the collective health-care 
team), tasks (eg, major tasks of care delivery such as care 
coordination and communication), tools and technologies 
(eg, use of health information technologies such as the 
electronic health record), physical environment (eg, the 
physical layout of a care setting), organisation (eg, 
organisational culture and rules), and external environment 
(eg, social, ecological, or policy factors).24 We also 
categorised studies as multimodal (ie, more than one 
intervention to reduce aggressive care) or unimodal (only 
one intervention to reduce aggressive care).

The use of SEIPS to examine studies was important for 
several reasons. First, SEIPS incorporates the structure–
process–outcome model of health-care quality,25 allowing 
analysis of issues related to care delivery and quality. 
Second, given the expected heterogeneity of interventions 
and measures related to aggressive end-of-life cancer 
care and quality, SEIPS categories provide a useful 
lens to evaluate interventions using a standardised 
comparator. Third, use of SEIPS permits identification of 
gaps in study design and outcome ascertainment, which 
might be useful to guide future study design.

6451 studies included based on search criteria

2570 duplicates removed
 2563 duplicates removed in EndNote
 7 duplicates removed in Covidence

3881 studies screened

3610 studies excluded after title and abstract
   review

271 full text studies assessed for eligibility

36 studies included for final review

235 studies excluded
 162 did not define an intervention
 33 had wrong study aims
 16 were abstracts without available full 
 text
 15 had redundant reporting of findings
 7 had wrong study design
 1 had wrong outcomes
 1 had wrong patient population

Figure 1: Flowchart of selected studies
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Statistical analysis
We calculated descriptive statistics (eg, proportions) 
using Stata SE (version 15.1). Given substantial 
heterogeneity in study design, interventions, and 
outcomes, formal meta-analyses were not attempted. To 
graphically display findings, we constructed a heatmap 
that included what measures were assessed in each study 
according to the SEIPS category and intervention type, 
and whether the intervention improved the measure of 
aggressive end-of-life care or not.

Findings
The initial search yielded 6451 references of which 
2570 were duplicates. Of the 3881 studies screened, 
3610 were deemed not relevant based on title and abstract 
screening. 271 studies were eligible for full-text review, of 
which 36 studies5,10,26–59 met the inclusion criteria and were 
included (figure 1). Inter-rater reliability for screening 
and data abstraction was excellent (κ 0·98). The appendix 
(pp 1–9) summarises the study characteristics, designs, 
and findings. The table shows the summative char
acteristics of the studies. The majority of studies (29 [81%] 
of 36)10,26–28,31–34,36–43,45–51,53–55,57–59 were published after the 2012 
adoption of aggressive end-of-life care claims-based 
measures by ASCO, the National Quality Form, and 
CMS. 22 (61%) of 36 studies were based in the 
USA,5,26,28–30,32–36,38,41–43,47,50,53,55–58 and 16 (44%) were single-
centre reports.27,35,36,38,40,42,44,46–48,50,52,53,56,58,59 Only five (14%) 
of 36 studies were randomised controlled trials 
(RCTs).28,34,36,45,56 Lung cancer was the most prevalent cancer 
type assessed (29 [81%] of 36 studies).5,10,26–30,32–38,41,43,44,46,48,49,51–59 
No studies reported exclusively on haematological 
malignancies (table).

With the exception of three studies,24,50,56 all included 
studies evaluated aggressive care measures as primary 
outcomes of interest. All studies used at least one validated 
measure of aggressive end-of-life care, and one study41 
used internally validated measures of aggressive end-of-life 
care (ventilation or resuscitation attempts in the last week 
of life). However, 26 studies used additional unvalidated 
measures.5,10,26–30,34–38,41,42,45,46,48,49,52–59 Notably, 20 of these studies 
were published after 2012,10,26–28,34,36–38,41,42,45,46,48,49,53–55,57–59 of 
which 11 were published in the USA26,28,34,36,38,41,42,53,55,57,58 
(figure 2; table).

Overall, three studies used all five validated claims-based 
measures,31,42,47 and six studies used four of five validated 
claims-based measures.10,33,35,38–40 17 studies used one or no 
validated claims-based measures,5,26,28–30,32,36,37,41,44,45,48,49,51,55,57,58 
12 of which were after 201226,28,32,37,41,45,48,49,51,55,57,58 (figure 3).

Validated measures of aggressive care were also used 
inconsistently. For example, of the validated claims-based 
measures, only 19 (53%) of 36 studies assessed 
use of chemotherapy in the last 14 days of 
life,10,28,31,33,36,38–40,42,43,45–47,50–52,56,58,59 14 (39%) assessed whether 
someone had more than one emergency room 
visit10,27,31,33–35,38–40,42,47,53,54,59 or more than one admission to 
hospital in the last 30 days of life,10,27,31,33,35,38–40,42,43,47,54–56 

Number of 
studies 
(n=36)

References

Year published

Before 2012 7 (19%) 5,29,30,35,44,52,56

2012 to 2018* 29 (81%) 10,26–28,31–34,36–43,45–51,53–55,57–59

Country

USA 22 (61%) 5,26,28–30,32–36,38,41–43,47,50,53,55–58

Japan 4 (11%) 27,46,51,52

Italy 3 (8%) 44,45,49

Korea 2 (6%) 40,59

Canada 2 (6%) 10,39

UK 1 (3%) 37

Norway 1 (3%) 48

Taiwan 1 (3%) 54

Sample source

Single institution 16 (44%) 27,35,36,38,40,42,44,46–48,50,52,53,56,58,59

Multiple institutions 11 (31%) 5,26,28–30,33,34,41,43,45,51

Population-based 9 (25%) 10,31,32,37,39,49,54,55,57

Study design

Randomised controlled trial 5 (14%) 28,34,36,45,56

Prospective cohort 6 (17%) 5,29,30,41,43,50

Retrospective cohort 25 (69%) 10,26,27,31–33,35,37–40,42,44,46–49, 
51–55,57–59

Cancer type

Lung 29 (81%) 5,10,26–30,32–38,41,43,44,46,48,49,51–59

Colorectal 23 (64%) 5,10,26–30,32,34,35,37,38,40,41,43,44,49, 
51–54,57,58

Breast 22 (61%) 5,10,27–32,34,35,37,38,41,44,49–54,57,58

Other solid tumours 22 (61%) 5,10,27–30,32,34,35,37,38,41,42,44,47,49, 
51–54,57,58

Pancreatic 20 (56%) 5,10,26–30,34,35,37–39,41,44,45,49,52–54,58

Haematological malignancies 14 (39%) 5,10,27–30,35,37,38,41,44,49,52,54

Multi-modal vs single-modal intervention or exposure

Multi-modal intervention 13 (36%) 26,28,35–38,42,43,45,48,50,56,58

Unimodal interventions 23 (64%) 5,10,27,29–34,39–41,44,46,47,49,51–55,57,59

Use of measures

Used validated measures† 36 (100%) 5,10,26–59

Used unvalidated measures‡ 26 (72%) 5,10,26–30,34–38,41,42,45,46,48,49,52–59

Before 2012 6/26 (23%) 5,29,30,35,52,56

Published in USA 5/6 (83%) 5,29,30,35,56

2012 to 2018 20/26 (77%) 10,26–28,34,36–38,41,42,45,46,48,49, 
53–55,57–59

Published in USA 11/20 (55%) 26,28,34,36,38,41,42,53,55,57,58

Data are n (%) or n/N (%). *The National Quality Forum and Centers for Medicare and Medicaid Services adopted 
claims-based quality measures for aggressive end-of-life care in 2012. †Validated measures included claims-based 
measures, validated measures from seminal work by Earle and colleagues,13 and other internally validated measures. 
‡In addition to validated measures.

Table: Summative characteristics of the 36 studies included in this systematic review
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18 (50%) assessed whether the patient had an ICU 
admission in the last 30 days of life,10,27,31,33,35,38–40,42,43,46,47,50,52–55,59 
and only 11 (31%) assessed late hospice enrolment 
(<3 days before death).26,31,32,34,35,42,47,50,56,57 The remaining 
validated measures derived from Earle and colleagues13 
were also used inconsistently (figure 4).

13 (31%) of 36 studies examined multimodal inter
ventions to reduce aggressive end-of-life care and improve 
end-of-life quality of care in cancer.26,28,35–38,42,43,45,48,50,56,58 
Overall, 50 interventions were assessed in 36 studies. 
Interventions were organised into 16 sub-categories 
within the six SEIPS domains. Interventions targeting 
task-related factors were most common (29 [58%] of 
50 interventions)5,10,26–28,31,33–39,42,43,45,47–51,53,55–59 and included 
early versus late subspecialty palliative care referral 
(11 [22%]),27,28,35,36,38,45,47,48,50,53,56 any palliative care referral 
(in which timing was not specified) versus none 
(eight [16%]),10,35,39,48,51,57–59 quality of communication and 
end-of-life discussions (five [10%]),5,26,34,42,43 exposure to 
primary care visits (two [4%]),37,55 home care visits 
(one [2%]),49 enrolment in hospice (one [2%]),33 and early 
exposure to medications to manage common symptoms 
associated with breast cancer (one [2%])31 (appendix p 10). 
Interventions targeting organisational factors (six [12%] 
of 50)28,36,44,45,50,56 physical environment (six [12%]),37,38,40,46,52,58 
and technology and tools (six [12%])26,28,32,41–43 were also 
prevalent. Organisational interventions focused on 
introducing subspecialty palliative care soon after 
diagnosis of advanced cancer and in conjunction with 
other oncological therapies (often called integrated 
palliative care;15,60 six [12%]).28,36,44,45,50,56 Physical environment 
factors included location of palliative care delivery, 
such as outpatient versus inpatient palliative care 
(four [8%]),37,38,40,58 or designated palliative care units versus 
general wards (two [4%]).46,52 Technology and tool-based 
interventions included documentation of advance care 
planning in the electronic medical record (three [6%]),26,42,43 
telehealth for palliative care delivery (one [2%]),28 use of 

advanced imaging (one [2%]),32 and exposure to radio
therapy (one [2%]).41 Person-level interventions (two [4%]), 
such as spiritual care and the influence of personal 
spiritual coping,29,30 and external factors (one [2%]), such 
as policy introducing universal hospice coverage,54 were 
least prevalent (appendix p 10).

We explored the effectiveness of interventions by 
SEIPS category to understand what factors might have 
had the greatest effect on reducing aggressive end-of-life 
care (figure 3). Within the SEIPS domain of technology 
and tool-based interventions, two of the three studies42,43 
pertaining to documentation of end-of-life discussions in 
the electronic medical record showed improvements in 
multiple aggressive care measures. Aside from this 
subgroup of interventions, no single intervention sub
category or SEIPS domain appeared to be associated with 
consistent reductions in multiple validated measures of 
aggressive end-of-life care.

Four studies did not do tests of statistical significance 
to assess the effect of their interventions, although 
comparison of proportions before and after the 
intervention did show improvements in most measures 
of aggressive care targeted.10,47,52,56 Of the 23 studies that 
did tests for statistical significance and used more than 
one validated measure,27,28,31–36,38–40,42,43,45,46,48-50,53–55,57,59 only 
five included interventions that were associated with 
significant improvements in all measures that were 
assessed.33,39,43,53,57 These five studies were all observational 
and highly variable with regard to design and population. 
Interventions in these studies included hospice 
enrolment,33 any subspecialty palliative care before 
death,39,57 self-reported and documented end-of-life 
discussions in the electronic medical record,43 and early 
palliative care.53

Two interventions were associated with significant 
worsening of aggressive end-of-life care, including 
exposure to frequent primary care visits before diagnosis 
of advanced cancer55 and exposure to advanced imaging 
such as CT or MRI after diagnosis.32 Interventions 
from seven studies did not show any change in meas
ures of aggressive end-of-life care assessed.5,26,28,31,34,36,58 
Three of these studies were RCTs.28,34,36 Two assessed early, 
integrated subspecialty palliative care28,36 and one assessed 
an intervention to enhance end-of-life communication.34 
Of the remaining two RCTs, one study assessed early, 
integrated subspecialty palliative care but was not 
powered to show significant reductions in aggressive end-
of-life care.56 The other RCT assessing early, integrated 
palliative care models showed no difference in three of 
four measures assessed.45 Only eight studies reported 
patient-reported or caregiver-reported outcomes, or 
both.5,28–30,34,41,50,56 Three of these eight studies showed a 
significant improvement in patient-reported or caregiver-
reported outcomes, or both (appendix p 10).29,41,56

Risk of bias was assessed using the Cochrane Risk of 
Bias tool22 for five RCTs and the Newcastle-Ottawa Quality 
Assessment Scale23 for 31 observational studies. Of the 
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five RCTs, three were rated with uncertain risk of bias28,34,36 
and two with high risk of bias45,56 (appendix p 11). The 
quality assessment for observational studies is included 
in the appendix (pp 12,13); seven observational studies 
scored the maximum score of 9 (range 4–9).5,31,41,43,46,54,57

Discussion
This systematic review identified five RCTs and 
31 observational studies that aimed to reduce aggressive 
end-of-life care for patients with cancer. Using the 
SEIPS framework, aggressive end-of-life care was 

Significant improvement in aggressive care measure
Improvement in aggressive care measure (significance not reported)
No significant improvement in aggressive care measure

No improvement in aggressive care measure (significance not reported)
Significant worsening in aggressive care measure
Worsening in aggressive care measure (significance not reported)

No data available for comparator group
Not applicable

Measures of agressive care Patient-
reported or 
caregiver-
reported
outcomes*

Risk of
bias†

Tasks (n=29)

   Early subspecialty palliative care referral (n=11)

      Temel et al (2010)56‡

      Gonsalves et al (2011)35

      Greer et al (2012)36‡

      Hui et al (2014)38

      Nevadunsky et al (2014)47

      Amano et al (2015)27

      Bakitas et al (2015)28‡

      Maltoni et al (2016)45‡

      Nieder et al (2016)48

      Scibetta et al (2016)

      Rabow et al (2018)50

   Any subspecialty palliative care referral independent of timing (n=8)

      Gonsalves et al (2011)35

      Cheung et al (2015)10

      Jang et al (2015)39

      Nieder et al (2016)48

      Sano et al (2017)51

      Triplett et al (2017)57

      Wiesenthal et al (2017)58

      Yoo et al (2017)59

   Communication and EOL discussions (n=5)

      Wright et al (2008)5

      Mack et al (2012)43

      Lopez-Acevedo et al (2013)42

      Ahluwalia et al (2015)26

      Epstein et al (2017)34‡

   Primary care visits (n=2) 

      Sharma et al (2013)55

      Henson et al (2016)37

   Home palliative care visits (n=1) 

      Pellizzari et al (2018)49

   Enrollment in hospice (n=1)

      Duggan et al (2017)33

   Medications to control symptoms (n=1) 

      Check et al (2016)31

Claims-based measures of aggressive care Other commonly used validated measures from Earle and colleagues13

Chemo-
therapy in
last 
14 days
of life

>1 ER visit
in last
30 days
of life

>1 hospital 
admission 
in last
30 days
of life

Any
hospice

Hospital
death

Any use of
chemo-
therapy or
targeted
agent in last
30 days of life

New CR in 
last 30 days
of life

New CR in 
last 30 days
of life

Composite
measure
of aggres-
siveness

Hospice
<3 days 
before
death

ICU stay
in last 
30 days
of life

High

8

Uncertain

7

8

7

Uncertain

High

8

8

7

8

7

8

8

8

9

7

7

9

9

7

8

Uncertain

7

4

8

8

9

(Figure 3 continues on next page)
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measured variably across categories, making 
comparisons between studies difficult. Consequently, 
effective interventions to mitigate aggressive end-of-
life cancer care and downstream consequences for 
patients and caregivers remain unclear. Given the 

continued increase of aggressive end-of-life cancer 
care,4 our findings have important clinical and policy 
ramifications. CMS and ASCO recently proposed 
alternative payment models for oncology that include 
claims-based measures of aggressive end-of-life care.16,17 

No improvement in aggressive care measure (significance not reported)
Significant worsening in aggressive care measure
Worsening in aggressive care measure (significance not reported)

No data available for comparator group
Not applicable

Measures of agressive care Patient-
reported or 
caregiver-
reported
outcomes*

Risk of
bias†

Claims-based measures of aggressive care Other commonly used validated measures from Earle and colleagues13

Chemo-
therapy in
last 
14 days
of life

>1 ER visit
in last
30 days
of life

>1 hospital 
admission 
in last
30 days
of life

Any
hospice

Hospital
death

Any use of
chemo-
therapy or
targeted
agent in last
30 days of life

New CR in 
last 30 days
of life

New CR in 
last 30 days
of life

Composite
measure
of aggres-
siveness

Hospice
<3 days 
before
death

ICU stay
in last 
30 days
of life

High

6

Uncertain

Uncertain

High

7

7

4

7

8

8

9

9

7

8

Uncertain

7

9

8

8

9

Organisation (n=6)

   Integrated models of palliative care within oncology practice (n=6) 

      Temel et al (2010)56‡

      Magarotto et al (2011)44

      Greer et al (2012)36‡

      Bakitas et al (2015)28‡

      Maltoni et al (2016)45‡

      Rabow et al (2017)50

   Outpatient vs inpatient palliative care delivery (n=4)

      Hui et al (2014)38

      Henson et al (2016)37

      Wiesenthal et al (2017)58

      Lee et al (2018)40

   Care on a palliative care unit vs general ward (n=2)

      Sato et al (2008)52

      Nakano et al (2012)46

Technology and tools (n=6)

   Documentation of advance care planning discussions in electronic health record (n=3)

      Mack et al (2012)43

      Lopez-Acevedo et al (2013)42

      Ahluwalia et al (2015)26

   Telehealth for palliative care follow-up (n=1)

      Bakitas et al (2015)28‡

  Use of advanced imaging (n=1)

      Dinan et al (2018)32

   Exposure to radiation therapy (n=1)

      Li et al (2017)41

Person-level intervention (n=2)

   Provision of spiritual care (n=2)

      Balboni et al (2010)29

      Balboni et al (2011)30

External factors (n=1)

   Government policy introducing universal hospice care (n=1)

      Shao et al (2017)54

Significant improvement in aggressive care measure
Improvement in aggressive care measure (significance not reported)
No significant improvement in aggressive care measure

Figure 3: Heatmap of study interventions and outcomes related to individual measures of aggressive care by SEIPS category
*Includes quality of life. ICU=intensive care unit. ER=emergency room. CR=chemotherapy regimen. SEIPS=Systems Engineering Initiative for Patient Safety. †Risk of bias assessed using the Cochrane 
Risk of Bias Tool22 for randomised control trials and the Newcastle-Ottawa Quality Assessment Scale for Cohort Studies (maximum score of 9).23 More detailed reports can be found in the appendix 
(pp 11–13). ‡This study is a randomised controlled trial.
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However, without consistent measurement to assess 
efficacy of interventions, whether these policies will 
have their intended effect or improve end-of-life cancer 
care is debatable.

Unfortunately, the high degree of heterogeneity in 
measures of aggressive end-of-life care is not surprising. 
Two previous systematic reviews have shown substantial 
variation in measures pertaining to aggressive end-of-
life care and oncology quality.18,19 However, what is 
surprising is the infrequent and inconsistent use of 
validated and claims-based outcomes even in studies 
done in the USA where such measures originated and 
have not only been adopted,12 but also incorporated into 
alternative payment models.16,17 By contrast, most studies 
in our Review used unvalidated measures. Although 
some outcomes such as cardiopulmonary resuscitation, 
mechanical ventilation, dialysis, and artificial feeding 
can provide essential context to the end-of-life experience 
of patients with cancer, consistent use of validated 
outcome measures (particularly claims-based measures) 
is necessary to allow for comparisons in intervention 
studies. Understanding why investigators are choosing 
to omit certain measures or using alternative measures 
with qualitative or survey-based studies is therefore 
important to investigate.

Despite inconsistencies in measurement, use of the 
SEIPS categorisation allowed identification of an inter
vention subgroup that might hold promise in improving 
aggressive end-of-life care. For example, two of the three 
studies targeting electronic documentation of end-of-life 
discussions led to reductions in multiple measures of 
aggressive care.42,43 On the basis of study design, it is 
difficult to explain whether these effects were solely due 
to documentation alone or whether there was some 
contribution from enhanced communication occurring 
upstream of documentation. Regardless, it is possible that 
documentation in the electronic medical record might 
contribute to reductions in aggressive care because 
aggressive care often occurs in care areas (eg, hospitals 
and ICUs) where the patients’ primary oncologist or 
providers most familiar with the patients’ wishes might 
not be available. Electronic documentation might facilitate 
communication between providers across care settings, 
informing decisions about aggressiveness of care in 
emergent situations. How to leverage technology to 
reduce aggressive end-of-life care for patients with cancer 
is an important area for future studies.

Six studies28,36,44,45,50,56 in our Review evaluated the effect 
of integrated palliative care models on aggressive end-of-
life cancer care—a commonly heralded approach to 
improving end-of-life cancer care.15,60,61 However, five 
studies28,36,44,45,50 did not show consistent reductions in 
these measures, perhaps because of the low study quality. 
Four RCTs had uncertain or high risk of bias,28,36,45,56 owing 
in part to inadequate or no masking of participants and 
researchers among other sources of bias (appendix p 11). 
Although masking might be less likely to bias aggressive 

care outcome measures because of their quantitative 
nature, it might have important implications for patient-
reported or caregiver-reported outcomes, which were 
included in several of the RCTs. Two observational 
studies evaluating integrated palliative care models 
achieved lower quality scores because of concerns 
regarding the comparability of cohorts, among other 
reasons (appendix p 12).44,50 Additionally, sparse use of 
validated measures of aggressive end-of-life care and lack 
of statistical power56 made it difficult to draw conclusions 
about the effectiveness of integrated palliative care in 
reducing aggressive end-of-life care.

Although absence of evidence is relevant, this effect 
should not be construed as lack of efficacy of integrated 
palliative care models. To the contrary, multiple RCTs 
have shown that integration of palliative care with 
standard oncological care soon after diagnosis with 
advanced cancer has a number of benefits to patients and 
caregivers at end of life, including improvements in 
quality of life and satisfaction, reductions in anxiety and 
depression, and higher ratings of overall care quality.56,62–64 
Similarly, a Cochrane database systematic review of seven 
RCTs showed that early exposure to palliative care led to 
several important improvements in end-of-life experience, 
including symptoms and health-related quality of life.65 
However, many recent RCTs did not assess measures 
of aggressive end-of-life care.62–64 Ultimately, whether 
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the patient-reported and caregiver-reported benefits of 
integrated palliative care models are mediated by 
reductions in aggressive end-of-life care remains unclear. 
High quality RCTs that use standardised measures of 
aggressive end-of-life care linked with patient-reported 
and caregiver-reported outcomes are needed to improve 
the evidence base in this area.

Given the challenges and nuance associated with 
evaluating care quality at end of life, organisations such 
as CMS should consider including patient-reported and 
caregiver-reported outcomes in addition to claims-based 
measures of aggressive end-of-life care. This approach is 
especially relevant for new alternative payment models 
that will tie reimbursement to measures related to end-of-
life care quality. This approach is not novel; for example, 
in addition to measures of aggressive end-of-life care, the 
UK’s National Health Service Quality Standard for End of 
Life Care for Adults66 integrates patient-reported and 
caregiver-reported outcomes derived from expert opinion 
and consensus. Of note, of the eight studies evaluating 
patient-reported and caregiver-reported outcomes in our 
systematic review, seven showed concordance between 
both aggressive care outcomes and patient-reported and 
caregiver-reported experience (eg, studies reporting 
reductions in measures of aggressive care often showed 
improvements in patient-reported and caregiver-reported 
outcomes, and vice-versa). Collectively, a comprehensive 
approach that combines multiple measures of end-of-life 
care might be more appropriate to evaluate care quality at 
end of life in patients with cancer.

Our study has limitations. First, owing to the 
heterogeneity of aggressive end-of-life care measures and 
interventions, a meta-analysis could not be done. Second, 
a large number of observational studies were included, 
meaning that a risk of confounding even with application 
of a validated risk of bias tool remains. Third, we 
qualitatively assessed gaps in SEIPS categories; however, 
whether targeting these areas will lead to significant 
reductions in aggressive end-of-life care is unknown. 
Fourth, we used statistical significance to assess effective
ness of the interventions included, which can limit our 
understanding of non-quantitative benefits and is 
dependent on study power. Finally, we focused on 
measures that were validated by CMS and the National 
Quality Forum rather than measures proposed by 
individual study authors. Although this approach helped 
align current practice with policies, measures with 
contextual relevance might have been missed.

Despite these limitations, our systematic review also 
has a number of strengths. First, to our knowledge, this 
is the first systematic review to exclusively examine the 
breadth and use of aggressive end-of-life care measures 
in patients with cancer. Second, this study is also the first 
systematic review to exclusively evaluate the effectiveness 
of interventions to reduce aggressive end-of-life cancer 
care. Our findings highlight opportunities to improve 
how we measure aggressiveness and design studies to 

improve quality of end-of-life care in patients with cancer. 
Third, incorporation of studies into a conceptual SEIPS 
framework identifies gaps and opportunities in the 
design and implementation of interventions to reduce 
aggressive care.

Conclusion
Standardisation of measurement is needed to ensure 
comparability and generalisability of studies aiming to 
reduce aggressive end-of-life care in patients with cancer. 
In a value-based repayment era, high-quality RCTs that 
include patient-reported and caregiver-reported outcomes 
are necessary to assess the efficacy of interventions to 
reduce aggressive end-of-life cancer care.
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