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Abstract 

Background: Many patients with a solid metastatic cancer are treated aggressively during their last month of life. 
Using data from a large prospective cohort study of patients with an advanced cancer, we aimed to assess the num-
ber and predictors of aggressive interventions during last month of life among patients with solid metastatic cancer 
and its association with bereaved caregivers’ outcomes.

Methods: We used data of 345 deceased patients from a prospective cohort study of 600 patients. We surveyed 
patients every 3 months until death for their physical, psychological and functional health, end-of-life care preference 
and palliative care use. We surveyed their bereaved caregivers 8 weeks after patients’ death regarding their prepar-
edness about patient’s death, regret about patient’s end-of-life care and mood over the last week. Patient data was 
merged with medical records to assess aggressive interventions received including hospital death and use of anti-
cancer treatment, more than 14 days in hospital, more than one hospital admission, more than one emergency room 
visit and at least one intensive care unit admission, all within the last month of life.

Results: 69% of patients received at least one aggressive intervention during last month of life. Patients hospitalized 
during the last 2–12 months of life, male patients, Buddhist or Taoist, and with breast or respiratory cancer received 
more aggressive interventions in last month of life. Patients with worse functional health prior to their last month 
of life received fewer aggressive interventions in last month of life. Bereaved caregivers of patients receiving more 
aggressive interventions reported feeling less prepared for patients’ death.

Conclusion: Findings suggest that intervening early in the sub-group of patients with history of hospitalization prior 
to their last month may reduce number of aggressive interventions during last month of life and ultimately positively 
influence caregivers’ preparedness for death during the bereavement phase.

Trial registration: NCT02 850640.
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Introduction
Global advancements in cancer treatments have led to 
more than 50% of patients being treated aggressively [1–6] 
in some developed countries during their last month of 
life with 30 to 50% dying in the hospital [1, 2, 4–8]. This 
is concerning because such care represents low value 
for the health system, is often inconsistent with patients’ 
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and caregivers’ end-of-life (EOL) preferences and nega-
tively influences caregivers’ perceptions of quality of EOL 
care received, thereby making adjustment difficult dur-
ing bereavement [7, 9–14]. Literature has also identified 
receipt of aggressive interventions as potentially signify-
ing poor quality care [15]. Although difficult to assess at an 
individual level due to difficulties in prognostication, indi-
cators have been developed to measure it at a population 
level [15].

Past studies have sought to identify patients vulnerable 
to receiving aggressive interventions during their last 
month of life based on their demographics (age, gender 
and religion), cancer type and pattern of health care use 
[1, 16–25] using data from either hospital administrative 
records or retrospective surveys with bereaved caregivers 
[17, 21, 26–28]. A key concern with the use of adminis-
trative data alone is that it cannot provide information 
about patients’ end of life preference and health status– 
factors that may influence their choice of care [1, 16, 
20, 29, 30]. The validity of retrospective surveys may be 
limited by caregivers’ knowledge about patients’ experi-
ences and recall bias. Large prospective cohort studies 
that periodically survey advanced cancer patients until 
their death and thereafter their bereaved caregivers can 
help to better assess factors predicting use of aggressive 
interventions during last month of life and its impact 
on bereaved caregivers, and such studies are currently 
lacking.

We conducted a large prospective cohort study of 
patients with a solid metastatic cancer in Singapore. Our 
primary aim was to assess the aggressive interventions 
received by advanced cancer patients during their last 
month of life and to identify patients at-risk of receiv-
ing more aggressive interventions. We assessed the 
association between number of aggressive interventions 
received during last month of life and patient demo-
graphics (age, gender, socio-economic status, religion), 
cancer type, pattern of health care use before last month 
of life (length of hospital stay and palliative care use), 
health status before last month of life (physical, psycho-
logical and functional), and a preference for aggressive 
care as determined by trade-off between life extension 
and healthcare cost. In Singapore, a high proportion of 
health care costs is out-of-pocket [31], therefore, health 
care costs is an important factor in patient decision-mak-
ing [32]. We hypothesized that patients who are younger, 
males, with less education (proxy for low socio-economic 
status), Buddhists or Taoists, with breast or lung can-
cer, with longer hospital stay before last month of life, 
not using a palliative care service before last month of 
life and with a preference for aggressive care will receive 
more aggressive interventions during last month of life 
[19, 33–36] [37–39]. We also hypothesized that patients 

with a poor physical, psychological or functional health 
status before their last month of life will receive fewer 
aggressive interventions during last month of life.

Previous studies suggest that bereaved caregivers of 
patients receiving more aggressive interventions during 
last month of life experience difficulties coping [40, 41], 
rate patients’ care as worse [42, 43], report worse mood 
[44, 45] and more regret [46, 47] Therefore, as a sec-
ondary aim, we assessed the association between num-
ber of aggressive interventions received by patients and 
bereaved caregivers’ feelings of low mood, regret and 
being less prepared for patients’ death. We hypothesize 
that caregivers of patients receiving more aggressive 
interventions during last month of life will report being 
less prepared for patients’ death, are more likely to expe-
rience regret with patients’ EOL care and worse mood. 
These results will provide empirical evidence to develop 
programs to reduce aggressive interventions during last 
month of life in efforts to help caregivers prepare emo-
tionally for patients’ death and reduce bereaved caregiv-
ers’ distress.

Materials and methods
Study design, setting and participants
We used the cohort data of decedents from ‘Cost of 
Medical Care of Patients with Advanced Serious Illness 
in Singapore’ (COMPASS) study. COMPASS enrolled 
600 patients from outpatient clinics at medical oncol-
ogy departments of two major hospitals in Singapore 
between July 2016 and March 2018. Eligibility crite-
ria included diagnosis of stage IV solid malignancy, 
age > 21 years, Singapore citizenship or permanent resi-
dence, cognitively intact (determined through medi-
cal records or Abbreviated Mental Test [48] for patients 
≥60 years) and Eastern Cooperative Oncology Group 
[49] performance status ≤2. Patients were surveyed 
face-to-face every 3 months until death. The study was 
approved by SingHealth Centralised Institutional Review 
Board (2015/2781) and National University of Singapore 
Institutional Review Board (S-20-155). Study details are 
published [48].

Study variables
Primary outcome
Based on previous literature [15, 28, 50, 51], we assessed 
the following aggressive interventions - (i) death in the 
hospital, (ii) use of any anti-cancer treatment (chemother-
apy, radiotherapy, hormonal or targeted treatment), (iii) 
> 14 days in the hospital, (iv) > 1 hospital admission, (v) > 1 
Emergency Room (ER) visit and (vi) ≥1 Intensive Care Unit 
(ICU) admissions, all within the last month of life. We cal-
culated the number of aggressive interventions received by 
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each patient, and used this count as our primary outcome. 
Each aggressive intervention received equal weight.

Secondary outcomes
Eight weeks after patients’ death, we assessed the 
bereaved caregiver’s feeling of preparedness about 
patient’s death, regret about patient’s EOL care and mood 
over the last week. Caregivers rated each of the three on a 
scale of 0 to 10; a higher score indicated greater feeling of 
preparedness, greater regret and better mood.

Independent variables assessed from patients’ last survey 
answered within the last 2–12 months of life
Physical health
We used items from Functional Assessment of Chronic 
Illness Therapy – Palliative [48, 52] to assess patients’ 
physical symptoms (pain, breathlessness, constipation, 
weight loss, vomiting, swelling in body parts, dryness 
of mouth and throat, lack of energy, nausea and other 
symptoms; range: 0 to 40); higher score indicated poorer 
physical health status.

Psychological health
We used the Hospital Anxiety and Depression Scale [48, 
53, 54], a 14-item scale (range: 0–42) where higher total 
score represented worse psychological health.

Functional health
We used Older American Resources and Services [48, 55] 
to assess limitations in activities of daily living (ADLs). 
This is a 7-item scale, assessing patient’s ability (as ‘com-
pletely unable to do’ or ‘do with some help’ [= 1], or do 
without help [= 0]) to eat, dress/undress, take care of 
own appearance, walk, get in/out of bed, take a bath and 
use the bathroom. Item scores were summed (range: 0 to 
7), a higher score indicated worse functional health.

Preference for aggressive care
We asked patients to trade-off life extension with health 
care cost- “If you had to make a choice now, would you 
prefer treatment that extends life as much as possible, or 
would you want treatment that costs you less?” Patients 
responded on scale of 1 to 9, with 1 representing - extend 
life as much as possible at high cost and 9 representing 
no life extension at less cost. Responses were classified as 
maximal life extension [1–4], moderate life extension [5] 
and no life extension [6–9].

Other independent variables
Length of hospital stay
We used patients’ hospital billing records to assess 
patients’ cumulative length of hospital stay during the 2 
to 12 months before their death.

Patient‑reported palliative care use
At each survey, we asked patients if they had ever used 
a palliative or hospice care service (=1 if they reported 
to have ever used before their last month of life, =0 
otherwise).

Patient socio‑demographics
included age at death, highest education (primary/
secondary/above secondary), religion (Free thinking/ 
Christianity/ Islam/ Buddhist or Taoist/ Hindu or Sikh) 
and cancer type (breast, respiratory, colorectal, genito-
urinary or gynaecological and others). We did not use 
current income as a measure of socio-economic status 
as it is likely that current income may have declined 
due to patients’ illness thus may not adequately repre-
sent available financial resources.

Caregiver socio‑demographics
included age, gender and relationship with the patient 
(spouse/ parent/ child and others).

Statistical analysis
Analysis cohort
We analysed data of patients who died between Sep-
tember 2016 and December 2019, and who answered at 
least one survey within the last year of their life.

Primary analysis
We assessed the association between number of aggres-
sive interventions in last month of life (dependent 
variable) and our independent variables - patient demo-
graphics (age, gender, religion, education, cancer type); 
pattern of health care use before last month of life 
(length of hospital stay and palliative care use); health 
status before last month of life (physical, psychologi-
cal and functional) and preference for aggressive care. 
Information on place of death was missing for 14% of 
the patients. Therefore, as suggested in the literature 
[56], we first performed a complete case analysis using 
data from patients with complete information for all 
aggressive interventions. We then conducted sensitivity 
analyses using a ‘best’ (assuming all missing observa-
tions to have a non-hospital death) and ‘worst’ (assum-
ing all missing observations to have a hospital death) 
case scenario. For the complete case analyses, we first 
conducted univariable and then a multivariable analy-
ses using poisson regression. Since the three dimen-
sions of health status were correlated, we estimated 
three separate multivariable models adding a single 
dimension of health status as an independent variable 
in each model (Model 1 - physical, 2 - psychological, 3 - 
functional). To account for differences in time duration 
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between date of death and date of last patient survey 
before last month of life, we controlled all models for 
the time interval between date of survey and date of 
death (in months).

Secondary analysis
We conducted separate multivariable linear regression 
models using complete case analysis to assess the associ-
ation between number of aggressive interventions in last 
month of life (independent variable) and the outcomes 
– caregivers’ perception of (a) preparedness for patients’ 
death, (b) regret about patient’s EOL care and (c) mood. 
To reduce bias, we adjusted for patients’ (age, gender, 
religion) and caregivers’ (age, gender and relationship 
with the patient) socio-demographic characteristics. 
We conducted a sensitivity analyses using the ‘best’ and 
‘worst’ case scenario.

All analyses were done using Stata version 16.

Results
Among the 600 patients who participated, 354 (59.0%) 
died during the study period (Additional file 1: Figure 1). 
Among them, 345 (97%) patients answered at least one 
survey during their last year of life and were analysed. 
Table  1 shows patient demographics, health care use 
and health status before last month of life. Notably, 67% 
preferred moderate to maximal life-extension. 127 (37%) 
caregivers answered the bereavement survey 8 weeks 
after the patients’ death.

Table  2 shows the distribution of bereaved caregiver 
outcomes.

Overall, 69% of patients received at least one aggres-
sive intervention during last month of life. Figure 1 shows 
that 60% (95% CI: 54.6, 66.0) of the patients died in the 
hospital, 29% (22.3, 32.0) used anti-cancer treatment, 
28% (23.4, 33.1) spent > 14 days in the hospital, 12% (8.9, 
16.0) had > 1 hospital admission, 7% (3.3, 8.5) had > 1 ER 
visit, and 3% (0.82, 4.1) had ≥1 ICU admission during 
their last month of life. 14% of the patients had missing 
information on their place of death.

Over one-third of the patients (35%) received only 
aggressive intervention and 18% had three or more 
aggressive interventions during last month of life.

Table  3 shows the associations between number of 
aggressive interventions during last month of life and 
all independent variables for patients with information 
available on all aggressive interventions (n =  298). Uni-
variable analysis showed that patients who had a longer 
length of hospitalisation within 2–12 months before 
their death, were Buddhists or Taoists (versus Christian) 
and with respiratory cancer (versus colorectal cancer) 
received more aggressive interventions during last month 

of life. Those with lower functional health before last 
month of life received fewer aggressive interventions.

Multivariable analysis showed that patients who 
had a longer length of hospitalisation within the last 
2–12 months before their death, males, Buddhists or Tao-
ists (versus Christian) and with breast or respiratory can-
cer (versus colorectal cancer) (all models) received more 
aggressive interventions. On the contrary, patients with 
worse functional (model 3) health before their last month 
of received fewer aggressive interventions. No significant 
association was found between number of aggressive 
interventions during last month of life and other inde-
pendent variables. (Table 3).

Table 1 Characteristics of the deceased patients

a includes head and neck, musculoskeletal, skin and unknown cancer types

N = 345
Baseline Demographics
 Age at death (in years)

  Mean (SD) 62.4 (10.7)

  Median 62.0

  Median age and above at death, n (%) 180 (52.2)

  Male, n(%) 175 (50.7)

 Highest education, n (%)

  Primary or lower 147 (42.6)

  Secondary 113 (32.8)

  Above secondary 85 (24.6)

 Religion, n (%)

  Christian 75 (21.7)

  Muslim 60 (17.4)

  Buddhist/ Taoist 160 (46.4)

  Hindu/ Sikh 10 (2.9)

  Free thinker/ No religion 40 (11.6)

 Type of cancer, n(%)

  Colorectal 103 (29.9)

  Respiratory 98 (28.4)

  Genitourinary/Gynaecologic 62 (18.0)

  Breast 55 (15.9)

   Othersa 27 (7.8)

Health service use in the last 2–12 months of life
 Length of hospital stay, mean (SD) 10.6 (17.1)

 Patient-reported palliative care use 87 (25.2)

Health status and care preferences in the last 2–12 months of life
 Physical health status (Range: 0–39), mean (SD) 11.3 (8.3)

 Functional health status (Range: 0–7), mean (SD) 0.81 (1.80)

 Psychological health status (Range: 0–38, mean (SD) 9.2 (7.3)

 End of life care preference, n (%)

  Minimal life extension 114 (33.0)

  Moderate life extension 146 (42.3)

  Maximal life extension 84 (24.3)

  Missing information 1 (0.3)
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The results from our sensitivity analyses (n =  345) 
(Additional file  1: Table  1) regarding the association 
between number of aggressive interventions during last 
month of life and functional health, length of hospitali-
zation, type of cancer, religion and gender were consist-
ent with those from the complete case analysis. We also 
found that patients with worse physical health (model 
1) received fewer aggressive interventions in the last 
month of life in the ‘best’ case scenario.

Patients of 119 out of 127 bereaved caregivers had 
complete data on number of aggressive interventions 
during last month of life. Table  4 shows that 8 weeks 
after patients’  death, bereaved caregivers of patients 
who received more aggressive interventions felt less 
prepared for patients’ death. Contrary to our hypothe-
sis, we did not find patients’ receipt of aggressive inter-
ventions during last month of life to be associated with 

bereaved caregivers’ regret about EOL care and their 
mood.

The association between patients’ receipt of aggressive 
interventions during last month of life and bereaved car-
egivers’ lack of preparedness persisted in the sensitivity 
analyses using ‘best’ and ‘worst’ case scenarios. However, 
both the ‘best’ and ‘worst’ case scenarios also showed that 
caregivers of patients with more aggressive interventions 
experienced worse mood during the bereavement (Addi-
tional file 1: Table 2).

Discussion
Using data from a prospective cohort study, we assessed 
the number of aggressive interventions in last month of 
life received by patients with a solid metastatic cancer in 
Singapore. We found that 69% of the patients in our sam-
ple received at least one aggressive intervention during 
last month of life. This is comparable to estimates from 
other developed countries [1–4, 7, 8]. The proportion 
of patients dying in hospital was however higher com-
pared to other settings (Additional file  1: Table  3). This 
may be due to low rates of nursing home admissions in 
Singapore [57, 58] or because the public health insurance 
(Medshield) in the country subsidizes cost for hospitali-
zations but not in-patient hospice admissions [59, 60].

Past studies show that many advanced cancer patients 
experience repeated hospitalizations even before their 
last month of life [59, 61]. Our results show that patients 
hospitalized during the last 2–12 months of their life 
were at high risk of receiving more aggressive interven-
tions during last month of life [62]. If providers can ex-
ante identify hospitalized patients at-risk of dying within 
the next 1 year (e.g. through surprise question, other 
prognostic indicators), they may institute measures to 

Table 2 Caregiver characteristics at baseline and their 
bereavement outcomes at 8 weeks after patient’s death

N = 127

Mean (SD)

Caregiver characteristics
 Age 48.2 (14.8)

 Male 48 (37.8)

Relationship with patient (Patient is my …), n(%)

 Spouse 54 (42.5)

 Parent 53 (41.7)

 Others 20 (15.7)

Bereavement outcomes: Caregiver reported
 Regret about end-of-life care (Range: 0–10) 3.6 (3.2)

 Feeling of preparedness (Range: 0–10) 6.3 (3.0)

 Mood in the last week (Range: 0–10) 3.4 (2.6)

Fig. 1 Aggressive interventions received by patients during their last month of life (N = 345). * Denominator for proportion of hospital death is 298
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prevent these patients from being treated aggressively 
during last month of life [63]. This may include initiat-
ing goals of care discussions with them that is known to 
improve patients’ prognostic understanding, reduces use 
of aggressive interventions and increases hospice use [36, 
64–67].

Consistent with previous research [16, 21–23], our 
results show that patients with breast or respiratory 
cancer and male patients received more aggressive 
interventions during last month of life. We, however, 
did not find a significant association between education 
level and number of aggressive interventions during 

Table 3 Predictors of number of aggressive interventions received by patients in last month of life

1 Poisson regression; 2n =  298; 3n = 297; * Statistically significant at the 5% level

Univariable  analysis1,2 Multivariable  models1,3

Model 1 Model 2 Model 3

IRR [95% CI] IRR [95% CI] IRR [95% CI] IRR [95% CI]

Physical health status before last month of life 0.99 [0.98, 1.01] 0.99 [0.98, 1.01]

Psychological health status before last month of life 1.00 [0.98, 1.01] 0.99 [0.98, 1.01]

Functional health status before last month of life 0.89* [0.83, 0.96] 0.88* [0.81, 0.95]

Length of hospital stay (in days) 1.01* [1.00, 1.01] 1.01* [1.01, 1.02] 1.01* [1.01, 1.02] 1.01* [1.01, 1.02]

Patient-reported palliative care use before last month of life 0.83 [0.66, 1.05] 0.91 [0.71, 1.16] 0.91 [0.70, 1.19] 1.06 [0.82, 1.36]

End of life care  preference3

 Minimal life extension [Ref ]

  Moderate life extension 0.96 [0.77, 1.21] 0.92 [0.72, 1.16] 0.88 [0.69, 1.12] 0.93 [0.74, 1.17]

  Aggressive life extension 0.87 [0.67, 1.13] 0.81 [0.62, 1.07] 0.79 [0.59, 1.04] 0.84 [0.64, 1.10]

  Age at death above median 0.87 [0.72, 1.05] 0.92 [0.73, 1.14] 0.91 [0.73, 1.15] 0.93 [0.75, 1.16]

  Male 1.16 [0.96, 1.41] 1.35* [1.06, 1.71] 1.34* [1.06, 1.70] 1.36* [1.08, 1.72]

Highest education

 Primary or lower [Ref ]

  Secondary 1.06 [0.84, 1.33] 1.22 [0.95, 1.57] 1.23 [0.95, 1.59] 1.15 [0.90, 1.48]

  Above secondary 1.21 [0.95, 1.53] 1.30 [0.99, 1.71] 1.30 [0.98, 1.71] 1.24 [0.95, 1.63]

Religion

 Christian [Ref ]

  Buddhist/ Taoist 1.37* [1.05, 1.78] 1.43* [1.09, 1.89] 1.41* [1.06, 1.89] 1.43* [1.08, 1.88]

  Muslim 1.13 [0.82, 1.57] 1.06 [0.75, 1.49] 1.10 [0.77, 1.56] 1.10 [0.78, 1.56]

  Hindu/ Sikh 1.22 [0.67, 2.19] 1.20 [0.66, 2.18] 1.19 [0.65, 2.19] 1.38 [0.75, 2.53]

  Free thinker/ No religion 0.93 [0.64, 1.35] 0.88 [0.59, 1.29] 0.87 [0.58, 1.31] 0.89 [0.60, 1.31]

Type of cancer

 Colorectal [Ref ]

  Breast 1.34 [0.99, 1.81] 1.71* [1.19, 2.45] 1.64* [1.14, 2.37] 1.81* [1.27, 2.55]

  Respiratory 1.50* [1.16, 1.94] 1.67* [1.28, 2.18] 1.66* [1.27, 2.18] 1.68* [1.29, 2.19]

  Genitourinary/ Gynaecologic 1.17 [0.86, 1.58] 1.28 [0.94, 1.74] 1.25 [0.91, 1.71] 1.29 [0.95, 1.75]

  Others 1.23 [0.84, 1.81] 1.45 [0.97, 2.19] 1.32 [0.85, 2.05] 1.40 [0.94, 2.11]

  Number of months before death survey was answered 0.99 [0.93, 1.05] 1.00 [0.94, 1.06] 1.00 [0.94, 1.06] 0.98 [0.92, 1.05]

Table 4 Association between number of aggressive interventions during last month of life and bereaved caregiver  outcomesa 
(N = 119)

* Statistically significant at the 5% level

Estimates adjusted for for patient’s age, gender and religion and caregiver’s age, gender and relationship with patient

Caregiver regret about end-
of-life care

Caregiver feeling of 
preparedness

Caregiver mood 
in the last week

Coef. [95% CI] Coef. [95% CI] Coef. [95% CI]

Number of aggressive interventions in last month of life 0.15 [−0.35, 0.64] −0.50* [−0.98, −0.02] −0.37 [−0.78, 0.05]
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last month of life. Similarly, no significant association 
was observed between palliative care use before the 
last month of life with number of aggressive interven-
tions during last month of life. This might be because 
of the possible mediating effect of other independent 
variables in our model. We were unable to test this 
mediating effect as the exact time of initiation of use of 
palliative care service was not captured in the survey. 
This can be a topic of future research.

We also found that Buddhist or Taoist patients 
received more aggressive interventions during last 
month of life. Although both Buddhist and Taoist 
teachings emphasize the inevitability of death, some 
Taoists believe that death may lead to an afterlife tor-
ture and suffering, and therefore they may prefer more 
aggressive interventions to extend life [25].

Our results showed that patients with worse func-
tional health before their last month of life received 
fewer aggressive interventions during last month of 
life. Poor health is known to be associated with a more 
realistic understanding of prognosis [16, 18, 29]. Past 
studies show that patients with a more realistic under-
standing of prognosis are more likely to prefer and be 
recommended by their health care providers to use 
comfort care than aggressive interventions [11, 67–69], 
and are more likely to be referred to a palliative care 
service [70].

Our primary and sensitivity analyses showed that 
bereaved caregivers of patients receiving more aggres-
sive interventions during their last month of life 
reported being less prepared for patient’s death. This is 
consistent with previous studies [40, 44]. Our sensitiv-
ity analysis further highlighted that bereaved caregiv-
ers of patients receiving more aggressive interventions 
during their last month of life experienced worse 
mood. Past studies have also similarly suggested that 
bereaved caregivers of patients receiving aggressive 
care during last month of life experience difficulties 
coping and even major depression [40, 71]. However, 
in contrast to our hypothesis, we did not find any asso-
ciation between patients’ receipt of aggressive interven-
tions and their caregivers’ feelings of regret. This may 
be because many caregivers may be choosing aggres-
sive interventions for patients in order to avoid expe-
riencing regret [72, 73]. Overall, findings suggest that 
when patients are treated aggressively during their last 
month of life, their caregivers are affected adversely, 
and thus require support during the course of patient’s 
treatment and during bereavement. Clinicians should 
also involve caregivers in EOL discussions and discuss 
pros and cons of each intervention with them so that 
they can weigh in on any potential perceived benefit 

of the intervention against any harm, and also be more 
prepared for patient’s death [40, 74].

Our main strength is the use of prospective longitu-
dinal data merged with administrative data to provide a 
comprehensive account of patients’ EOL care and expe-
rience. However, the study also had limitations. First, 
data on use of palliative care service was self-reported by 
patients and not available regarding its time of initiation, 
duration and type (i.e. whether hospital, home or hospice 
based). We also did not have information on whether the 
patient had goals of care discussions. Second, we were 
unable to access information on place of death for some 
patients in one of the participating hospitals, result-
ing in this information being missing for 14% of the 
patients. Third, data on bereaved caregivers was avail-
able only for a sub-sample of deceased patients. Fourth, 
similar to other studies relying on administrative data to 
assess aggressive interventions [19, 23], we were unable 
to identify whether chemotherapy and other treatments 
used during the last month of patients’ life were used as 
an active treatment or with a palliative intent, and thus 
may have over-estimated the use of aggressive interven-
tions during last month of life. Fifth, we retrospectively 
defined aggressive interventions after patients’ death. 
It is more difficult to identify it prospectively in clinical 
practice, especially for the sub-group of patients expe-
riencing rapid deterioration due to cancer or its treat-
ments. Sixth, we were unable to assess each aggressive 
intervention in isolation due to small sample size and low 
prevalence of certain interventions in the last month of 
life before death (≥1 ICU admission (n = 9; 2.6%) and > 1 
ER admission (n = 23; 6.7%)). Seventh, we weighted each 
intervention equally. A similar approach has been used 
in previous studies [7, 37, 64]. However, patients and 
other stakeholders such as caregivers and physicians, 
may assign different weights to each aggressive interven-
tion. Assessing appropriate weights for each intervention 
should be a topic of future research. Eighth, time from 
diagnosis may have influenced patient’s uptake of aggres-
sive care, however, we did not have access to this data. 
Lastly, caregivers’ preferences for patients’ care may have 
influenced patients’ use of aggressive interventions dur-
ing their last month of life. Assessing this could be a topic 
of future research.

Conclusions
We found that a high proportion of patients dying with a 
solid metastatic cancer in Singapore were treated aggres-
sively in their last month of life. Patients with history of 
hospitalization prior to their last month were at a greater 
risk of receiving more aggressive interventions dur-
ing their last month of life. Findings suggest that inter-
vening early in the sub-group of patients with history 
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of hospitalization prior to their last month may reduce 
number of aggressive interventions during last month of 
life and ultimately positively influence caregivers’ prepar-
edness for death during the bereavement phase.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12904- 022- 00970-z.

Additional file 1. 

Acknowledgements
COMPASS study group included Rebecca A. Dent,1 Nesaretnam Barr Kumara-
kulasinghe,2 Yin Bun Cheung,3 Rahul Malhotra,4 Ravindran  Kanesvaran1, 
Alethea Chung Pheng  Yee1,,5 Noreen  Chan2, Huei Yaw Wu,6 Soh Mun Chin,7 
Hum Yin Mei  Allyn6, Grace Meijuan  Yang1, Patricia Soek Hui  Neo2, Richard 
Harding,8 Lee Lai Heng.9 We thank Casuarine Low for research assistance for 
this manuscript.

Authors’ contributions
CM conceived and designed the study, interpreted the data, and led the 
manuscript preparation. FB and IC analyzed the data and helped draft and 
finalize the manuscript. SO, IT, EAF contributed in revising the manuscript 
critically for important intellectual content. All authors reviewed and approved 
the final manuscript.

Funding
This study was funded by the Lien Center for Palliative Care and Singapore 
Millennium Foundation.

Availability of data and materials
The deidentified datasets generated during and/or analysed during the cur-
rent study are not publicly available but are available from the corresponding 
author on reasonable request. Every request will be reviewed by the approv-
ing Institutional Review Board and the researcher will need to sign a data 
access agreement with National University of Singapore after approval.

Declarations

Ethics approval and consent to participate
The study was approved by SingHealth Centralised Institutional Review 
Board (2015/2781) and and National University of Singapore Institutional 
Review Board (S-20-155). All methods were performed in accordance with the 
relevant guidelines and regulations. Written informed consent was obtained 
from all participants and their caregivers in the study.

Consent for publication
Written informed consent for publication was obtained.

Competing interests
The authors declare that they have no competing interests

Author details
1 Lien Centre for Palliative Care, Duke-NUS Medical School, 8 College Road, 
Singapore 169857, Singapore. 2 Program in Health Services and Systems 
Research, Duke-NUS Medical School, 8 College Road, Singapore 169857, Sin-
gapore. 3 National Cancer Centre Singapore, 11 Hospital Dr, Singapore 169610, 
Singapore. 

Received: 18 August 2021   Accepted: 12 April 2022

References
 1. Hu W, Yasui Y, White J, Winget M. Aggressiveness of end-of-life Care for 

Patients with Colorectal Cancer in Alberta, Canada: 2006–2009. J Pain 
Symptom Manag. 2014;47(2):231–44.

 2. Kao Y-H, Chiang J-K. Effect of hospice care on quality indicators of 
end-of-life care among patients with liver cancer: a national longitudi-
nal population-based study in Taiwan 2000–2011. BMC Palliative Care. 
2015;14(1):39.

 3. Presley CJ, Han L, O’Leary JR, Zhu W, Corneau E, Chao H, et al. Concurrent 
hospice care and Cancer-directed treatment for advanced lung Cancer 
and receipt of aggressive Care at the end of life in the Veteran’s health 
administration. J Palliat Med. 2020;23(8):1038–44.

 4. Hui D, Kim SH, Roquemore J, Dev R, Chisholm G, Bruera E. Impact of tim-
ing and setting of palliative care referral on quality of end-of-life care in 
cancer patients. Cancer. 2014;120(11):1743–9.

 5. Boddaert MS, Pereira C, Adema J, Vissers KC, van der Linden YM, Raijmak-
ers NJ, et al. Inappropriate end-of-life cancer care in a generalist and 
specialist palliative care model: a nationwide retrospective population-
based observational study. BMJ Support Palliat Care. 2020.

 6. Earp M, Cai P, Fong A, Blacklaws K, Pham T-M, Shack L, et al. Hospital-based 
acute care in the last 30 days of life among patients with chronic disease 
that received early, late or no specialist palliative care: a retrospective cohort 
study of eight chronic disease groups. BMJ Open. 2021;11(3):e044196.

 7. Cheung MC, Earle CC, Rangrej J, Ho TH, Liu N, Barbera L, et al. Impact of 
aggressive management and palliative care on cancer costs in the final 
month of life. Cancer. 2015;121(18):3307–15.

 8. Falchook AD, Dusetzina SB, Tian F, Basak R, Selvam N, Chen RC. Aggressive 
end-of-life Care for Metastatic Cancer Patients Younger than age 65 years. 
J Natl Cancer Inst. 2017;109(9):djx028.

 9. Wright AA, Keating NL, Ayanian JZ, Chrischilles EA, Kahn KL, Ritchie CS, 
et al. Family perspectives on aggressive cancer care near the end of life. 
Jama. 2016;315(3):284–92.

 10. Dahlin C, Kelley JM, Jackson VA, Temel JS. Early palliative care for lung 
cancer: improving quality of life and increasing survival. Int J Palliat Nurs. 
2010;16(9):420–3.

 11. Temel J, Greer J, Gallagher E, Admane S, Pirl W, Jackson V, et al. Effect of 
early palliative care (PC) on quality of life (QOL), aggressive care at the 
end-of-life (EOL), and survival in stage IV NSCLC patients: results of a 
phase III randomized trial. J Clin Oncol. 2010;28(15_suppl):7509.

 12. Lintz KC, Penson RT, Cassem N, Harmon DC, Chabner BA, Lynch TJ Jr. A 
staff dialogue on aggressive palliative treatment demanded by a termi-
nally ill patient: psychosocial issues faced by patients, their families, and 
caregivers. Oncologist. 2002;7:23–9.

 13. Tang S-T, Liu T-W, Chow J-M, Chiu C-F, Hsu C, Liu L-N, et al. Gap in the 
intensity of end-of-life care between younger and older Taiwanese adult 
Cancer patients may not reflect younger patients’ preferences. J Cancer 
Res Pract. 2015;2(3):195–204.

 14. Malhotra C, Bundoc FG, Sim D, Jaufeerally FR, Finkelstein EA. Instabil-
ity in preference for place of death among patients with symptoms of 
advanced heart failure. J Am Med Dir Assoc. 2020.

 15. Earle CC, Landrum MB, Souza JM, Neville BA, Weeks JC, Ayanian JZ. 
Aggressiveness of cancer care near the end of life: is it a quality-of-care 
issue? J Clin Oncol. 2008;26(23):3860.

 16. Bylicki O, Rivière F, Tournier C, Canoui-Poitrine F, Grassin F, Margery J, 
et al. Factors associated with aggressiveness of end-of-life Care for Lung 
Cancer Patients and Associated Costs of care. Clin Lung Cancer. 2020.

National Cancer Centre, Singapore, Singapore
National University Cancer Institute, National University Hospital, Singa-
pore, Singapore
Centre for Quantitative Medicine, Duke-NUS Medical School, Singapore, 
Singapore
Program in Health Services Systems Research, Duke-NUS Medical School, 
Singapore, Singapore
Lien Centre for Palliative Care, Duke-NUS Medical School, Singapore, Sin-
gapore
Tan Tock Seng Hospital, Singapore, Singapore
Dover Park Hospice, Singapore, Singapore
King’s College London, Cicely Saunders Institute, London, UK
Singapore General Hospital

https://doi.org/10.1186/s12904-022-00970-z
https://doi.org/10.1186/s12904-022-00970-z


Page 9 of 10Malhotra et al. BMC Palliative Care           (2022) 21:73  

 17. Monier PA, Chrusciel J, Ecarnot F, Bruera E, Sanchez S, Barbaret C. Duration 
of palliative care involvement and cancer care aggressiveness near the 
end of life. BMJ Support Palliat Care. 2020.

 18. Koroukian SM, Schiltz NK, Warner DF, Given CW, Schluchter M, Owusu C, 
et al. Social determinants, multimorbidity, and patterns of end-of-life care 
in older adults dying from cancer. J Geriatr Oncol. 2017;8(2):117–24.

 19. Chang C-M, Wu C-C, Yin W-Y, Juang S-Y, Yu C-H, Lee C-C. Low socioeco-
nomic status is associated with more aggressive end-of-life care for 
working-age terminal cancer patients. Oncologist. 2014;19(12):1241.

 20. Kondo S, Shimazu T, Morizane C, Hosoi H, Okusaka T, Ueno H. A 
retrospective analysis of factors associated with selection of end-of-
life care and actual place of death for patients with cancer. BMJ Open. 
2014;4(5):e004352.

 21. Ho TH, Barbera L, Saskin R, Lu H, Neville BA, Earle CC. Trends in the aggres-
siveness of end-of-life cancer care in the universal health care system of 
Ontario, Canada. J Clin Oncol. 2011;29(12):1587.

 22. Accordino MK, Wright JD, Vasan S, Neugut AI, Gross T, Hillyer GC, et al. 
Association between survival time with metastatic breast cancer and 
aggressive end-of-life care. Breast Cancer Res Treat. 2017;166(2):549–58.

 23. Miesfeldt S, Murray K, Lucas L, Chang C-H, Goodman D, Morden NE. 
Association of age, gender, and race with intensity of end-of-life care for 
Medicare beneficiaries with cancer. J Palliat Med. 2012;15(5):548–54.

 24. Ng CWL, Cheong S, Govinda Raj A, Teo W, Leong I. End-of-life care prefer-
ences of nursing home residents: results of a cross-sectional study. Palliat 
Med. 2016;30(9):843–53.

 25. Bowman KW, Hui EC. Bioethics for clinicians: 20. Chinese Bioethics. Cmaj. 
2000;163(11):1481–5.

 26. Nipp RD, Tramontano AC, Kong CY, Hur C. Patterns and predictors of 
end-of-life care in older patients with pancreatic cancer. Cancer Med. 
2018;7(12):6401–10.

 27. Tang ST, Wu S-C, Hung Y-N, Chen J-S, Huang E-W, Liu T-W. Determinants 
of aggressive end-of-life care for Taiwanese cancer decedents, 2001 to 
2006. J Clin Oncol. 2009;27(27):4613–8.

 28. Mohammed AA, Al-Zahrani O, Salem RA, Elsayed FM. Aggressive care at 
the end of life; where are we? Indian J Palliat Care. 2019;25(4):539.

 29. Wang S-Y, Hall J, Pollack CE, Adelson K, Bradley EH, Long JB, et al. Trends 
in end-of-life cancer care in the Medicare program. J Geriat Oncol. 
2016;7(2):116–25.

 30. Hong JH, Rho S-Y, Hong YS. Trends in the aggressiveness of end-of-
life Care for Advanced Stomach Cancer Patients. Cancer Res Treat. 
2013;45(4):270–5.

 31. Chan A, Chiang YY, Low XH, Yap KY-L, Ng R. Affordability of cancer 
treatment for aging cancer patients in Singapore: an analysis of health, 
lifestyle, and financial burden. Support Care Cancer. 2013;21(12):3509–17.

 32. Sun H, Wang H, Xu N, Li J, Shi J, Zhou N, et al. Patient preferences for 
chemotherapy in the treatment of non-small cell lung cancer: a multi-
center discrete choice experiment (DCE) study in China. Patient Prefer 
Adherence. 2019;13:1701.

 33. Sharma RK, Prigerson HG, Penedo FJ, Maciejewski PK. Male-female patient 
differences in the association between end-of-life discussions and receipt 
of intensive care near death. Cancer. 2015;121(16):2814–20.

 34. Balboni TA, Balboni M, Enzinger AC, Gallivan K, Paulk ME, Wright A, et al. 
Provision of spiritual support to patients with advanced cancer by reli-
gious communities and associations with medical care at the end of life. 
JAMA Intern Med. 2013;173(12):1109–17.

 35. Weeks JC, Cook EF, O’Day SJ, Peterson LM, Wenger N, Reding D, et al. 
Relationship between cancer patients’ predictions of prognosis and their 
treatment preferences. Jama. 1998;279(21):1709–14.

 36. Mack JW, Weeks JC, Wright AA, Block SD, Prigerson HG. End-of-life discus-
sions, goal attainment, and distress at the end of life: predictors and 
outcomes of receipt of care consistent with preferences. J Clin Oncol. 
2010;28(7):1203.

 37. Merchant SJ, Brogly SB, Goldie C, Booth CM, Nanji S, Patel SV, et al. Pallia-
tive care is associated with reduced aggressive end-of-life care in patients 
with gastrointestinal cancer. Ann Surg Oncol. 2018;25(6):1478–87.

 38. Du Pen SL, Du Pen AR, Polissar N, Hansberry J, Kraybill BM, Stillman M, 
et al. Implementing guidelines for cancer pain management: results of a 
randomized controlled clinical trial. J Clin Oncol. 1999;17(1):361.

 39. McCarthy EP, Phillips RS, Zhong Z, Drews RE, Lynn J. Dying with cancer: 
patients’ function, symptoms, and care preferences as death approaches. 
J Am Geriatr Soc. 2000;48(S1):S110–21.

 40. Wright AA, Zhang B, Ray A, Mack JW, Trice E, Balboni T, et al. Associa-
tions between end-of-life discussions, patient mental health, medi-
cal care near death, and caregiver bereavement adjustment. Jama. 
2008;300(14):1665–73.

 41. Johnston EE, Molina J, Martinez I, Dionne-Odom JN, Currie ER, Crowl T, 
et al. Bereaved parents’ views on end-of-life care for children with cancer: 
quality marker implications. Cancer. 2020;126(14):3352–9.

 42. Ersek M, Miller SC, Wagner TH, Thorpe JM, Smith D, Levy CR, et al. Asso-
ciation between aggressive care and bereaved families’ evaluation of 
end-of-life care for veterans with non-small cell lung cancer who died in 
veterans affairs facilities. Cancer. 2017;123(16):3186–94.

 43. Higgins PC, Garrido MM, Prigerson HG. Factors predicting bereaved car-
egiver perception of quality of Care in the Final Week of life: implications 
for health care providers. J Palliat Med. 2015;18(10):849–57.

 44. Tönnies J, Hartmann M, Jäger D, Bleyel C, Becker N, Friederich H-C, 
et al. Aggressiveness of care at the end-of-life in cancer patients and its 
association with psychosocial functioning in bereaved caregivers. Front 
Oncol. 2021;11.

 45. A.-l W. Family caregivers to adults with cancer: the consequences of car-
ing. In: Psycho-Oncology: Springer; 2018. p. 87–103.

 46. Smith-Howell ER, Hickman SE, Meghani SH, Perkins SM, Rawl SM. End-of-
life decision making and communication of bereaved family members of 
African Americans with serious illness. J Palliat Med. 2016;19(2):174–82.

 47. Higgins PC, Prigerson HG. Caregiver evaluation of the quality of end-of-
life care (CEQUEL) scale: the caregiver’s perception of patient care near 
death. PLoS One. 2013;8(6):e66066.

 48. Teo I, Singh R, Malhotra C, Ozdemir S, Dent RA, Kumarakulasinghe NB, 
et al. Cost of medical Care of Patients with advanced serious illness in 
Singapore (COMPASS): prospective cohort study protocol. BMC Cancer. 
2018;18(1):459.

 49. Conill C, Verger E, Salamero M. Performance status assessment in cancer 
patients. Cancer. 1990;65(8):1864–6.

 50. Berian JR, Benson AB, Nelson H. Young age and aggressive treatment in 
colon cancer. Jama. 2015;314(6):613–4.

 51. Henson LA, Gomes B, Koffman J, Daveson BA, Higginson IJ, Gao W. 
Factors associated with aggressive end of life cancer care. Support Care 
Cancer. 2016;24(3):1079–89.

 52. Lyons KD, Bakitas M, Hegel MT, Hanscom B, Hull J, Ahles TA. Reliability and 
validity of the functional assessment of chronic illness therapy-palliative 
care (FACIT-pal) scale. J Pain Symptom Manag. 2009;37(1):23–32.

 53. Beck KR, Tan SM, Lum SS, Lim LE, Krishna LK. Validation of the emotion 
thermometers and hospital anxiety and depression scales in S ingapore: 
screening cancer patients for distress, anxiety and depression. Asia-Pacific 
J Clin Oncol. 2016;12(2):e241–9.

 54. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
Psychiatr Scand. 1983;67(6):361–70.

 55. Fillenbaum GG. Multidimensional functional assessment of older adults: 
the Duke older Americans resources and services procedures: Psychology 
Press; 2013.

 56. Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should 
multiple imputation be used for handling missing data in randomised 
clinical trials–a practical guide with flowcharts. BMC Med Res Methodol. 
2017;17(1):1–10.

 57. Lim ES. Predictors of nursing home admission: a social work perspective. 
Aust Soc Work. 2009;62(1):90–8.

 58. Yap LK, Au SY, Ang YH, Kwan KY, Ng SC, Ee CH. Who are the residents of a 
nursing home in Singapore? Singap Med J. 2003;44(2):65–73.

 59. Low LL, Tay WY, Ng MJM, Tan SY, Liu N, Lee KH. Frequent hospital admis-
sions in Singapore: clinical risk factors and impact of socioeconomic 
status. Singap Med J. 2018;59(1):39–43.

 60. Tai J. Offer coverage for end-of-life care: experts. The straits Times. 2015.
 61. Shadmi E, Flaks-Manov N, Hoshen M, Goldman O, Bitterman H, Balicer 

RD. Predicting 30-day readmissions with preadmission electronic health 
record data. Med Care. 2015;53(3):283–9.

 62. Melo F. Area under the ROC curve. In: Dubitzky W, Wolkenhauer O, Cho 
K-H, Yokota H, editors. Encyclopedia of systems biology. New York: New 
York, NY: Springer; 2013. p. 38–9.

 63. Epstein AS, Prigerson HG, O’Reilly EM, Maciejewski PK. Discussions of 
life expectancy and changes in illness understanding in patients with 
advanced cancer. J Clin Oncol. 2016;34(20):2398.



Page 10 of 10Malhotra et al. BMC Palliative Care           (2022) 21:73 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 64. Mack JW, Cronin A, Keating NL, Taback N, Huskamp HA, Malin JL, 
et al. Associations between end-of-life discussion characteristics and 
care received near death: a prospective cohort study. J Clin Oncol. 
2012;30(35):4387–95.

 65. Lamont EB, Christakis NA. Prognostic disclosure to patients with cancer 
near the end of life. Ann Intern Med. 2001;134(12):1096–105.

 66. Quill TE. Perspectives on care at the close of life. Initiating end-of-life dis-
cussions with seriously ill patients: addressing the "elephant in the room". 
Jama. 2000;284(19):2502–7.

 67. Malhotra C, Sim D, Jaufeerally F, Finkelstein EA. Associations between 
understanding of current treatment intent, communication with health-
care providers, preferences for invasive life-sustaining interventions and 
decisional conflict: results from a survey of patients with advanced heart 
failure in Singapore. BMJ Open. 2018;8(9):e021688.

 68. Amano K, Morita T, Tatara R, Katayama H, Uno T, Takagi I. Association 
between early palliative care referrals, inpatient hospice utilization, and 
aggressiveness of care at the end of life. J Palliat Med. 2015;18(3):270–3.

 69. Temel JS, Greer JA, Muzikansky A, Gallagher ER, Admane S, Jackson VA, 
et al. Early palliative Care for Patients with metastatic non–small-cell lung 
Cancer. N Engl J Med. 2010;363(8):733–42.

 70. Hui D, Mori M, Watanabe SM, Caraceni A, Strasser F, Saarto T, et al. Referral 
criteria for outpatient specialty palliative cancer care: an international 
consensus. Lancet Oncol. 2016;17(12):e552–9.

 71. Tönnies J, Hartmann M, Jäger D, Bleyel C, Becker N, Friederich H-C, et al. 
Aggressiveness of Care at the end-of-Life in Cancer patients and its 
association with psychosocial functioning in bereaved caregivers. Front 
Oncol. 1895;2021:11.

 72. Norton S, Wittink M, Duberstein P, Prigerson H, Stanek S, Epstein R. Family 
caregiver descriptions of stopping chemotherapy and end-of-life transi-
tions. Support Care Cancer. 2019;27(2):669–75.

 73. Malhotra C, Mohamad H, Østbye T, Pollak KI, Balasundaram B, Malhotra R, 
et al. Discordance between dementia caregivers’ goal of care and prefer-
ence for life-extending treatments. Age Ageing. 2021.

 74. Lautrette A, Darmon M, Megarbane B, Joly LM, Chevret S, Adrie C, et al. A 
communication strategy and brochure for relatives of patients dying in 
the ICU. N Engl J Med. 2007;356(5):469–78.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	A prospective cohort study assessing aggressive interventions at the end-of-life among patients with solid metastatic cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Materials and methods
	Study design, setting and participants
	Study variables
	Primary outcome
	Secondary outcomes

	Independent variables assessed from patients’ last survey answered within the last 2–12 months of life
	Physical health
	Psychological health
	Functional health
	Preference for aggressive care

	Other independent variables
	Length of hospital stay
	Patient-reported palliative care use
	Patient socio-demographics
	Caregiver socio-demographics

	Statistical analysis
	Analysis cohort
	Primary analysis
	Secondary analysis


	Results
	Discussion
	Conclusions
	Acknowledgements
	References


