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ABSTRACT

Objectives The objective of this study was to investigate
the use of, and predictors for, pharmaceutical anticancer
treatment (PACT) towards the end of a patient’s life in a
country with a public healthcare system.

Design Retrospective registry study.

Setting Secondary care in Norway.

Participants All Norwegian patients with cancer
(International Classification of Diseases tenth revision
(ICD-10) codes C00—99, D00-09, D37-48) in contact with
a somatic hospital in Norway between 2009 and 2017
(N=420 655). Analyses were performed on a subsample
of decedents with follow-back time of more than 1 year
(2013-2017, N=52 496).

Interventions N/A.

Primary and secondary outcome measures Proportion
of patients receiving PACT during the last year and month
of life. We calculated Cls with block bootstrapping, while
predictors of PACT were estimated with logistic regression.
Results 24.0% (95% Cl 23.4% to 24.6%) of the patients
received PACT during the last year of life and 3.2% (95%
Cl 3.0% to 3.5%) during their final month. The proportion
during the last month was highest for multiple myeloma
(12.7%) and breast cancer (6.5%) and lowest for urinary
tract (1.1%) and prostate and kidney cancer (1.4%).
Patients living in northern (OR 0.80, 95% Cl 0.68 to 0.94)
and western (OR 0.85, 95% Cl 0.75 to 0.96) Norway had
lower odds of PACT during the last month, while patients
with myeloma (OR 3.0, 95% Cl 2.5 to 3.7) and breast (OR
1.4,95% Cl 1.1 to 1.6) had higher odds. Kidney cancer (OR
0.25,95% Cl 0.2. to 0.4), urinary tract (OR 0.38, 95% Cl
0.3 t0 0.5) and prostate cancer (OR 0.4, 95% CI 0.3 to 0.5)
were associated with lower probability of receiving PACT
within the last month.

Conclusions The proportion of patients receiving PACT
in Norway is lower than in several other industrialised
countries. Age, type of cancer and area of living are
significant determinants of variation in PACT.

INTRODUCTION

A fundamental problem for clinicians who
consider prescribing end-oflife pharma-
ceutical anticancer treatment (PACT) is the
assessment of the remaining lifetime of an
individual patient and the expected patient
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Nationwide registry data during a period of 5 years
with a range of key covariates.

= No selection bias as virtually all patients with cancer
in Norway receive medical care in public hospitals.

= The data capture both hospital-administered and
patient-administered pharmaceutical treatment.

= The findings do not allow conclusions about whether
patients receive too much or too little treatment.

= Lack of information on disease stage, the treating
clinician and comorbidities (possible explanatory
variables).

benefit from the treatment. Whether oncol-
ogists should prescribe PACT near the end
of life raises controversial ethical issues
concerning the potential prolongation
of life, quality of life for patient and their
families, and the use of scarce healthcare
resources. When such treatment is given
near the end of life—the terminal phase, it
may offer little potential to prolong life and
is sometimes called futile—‘serving no useful
purpose, completely ineffective.’! * The defi-
nition of the terminal phase has varied over
time. Initially, terminal phase was defined
as the time in which palliative care should
be applied instead of active therapies. More
recently it has become clear that palliative
care should start earlier when active therapies
are still in use.” In this study, we explore those
receiving PACT who are not in the terminal
phase according to the first definition.

PACT may be associated with extensive
adverse effects, and may impact the patient’s
ability to engage in meaningful life and
prepare for death.” It has been suggested that
too much PACT in the last month of life may
shorten life and, if side effects are not diag-
nosed and treated, reduce quality of life.””
Still, the treatment requires funds and may
displace beneficial treatment for others. In
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Norway, health authorities only fund new treatments
that are cost-effective according to national guidelines
and prioritising processes because budgets are not large
enough to cover all treatments even if they are effective.”

Previous studies indicate that up to 38% of patients
with cancer receive chemotherapy or other life-sustaining
treatments during their last month of life.” However, end-
of-life treatment decisions may differ across countries or
within jurisdictions.’ In some healthcare systems, oncol-
ogists have an incentive to prescribe PACT because their
remuneration depends on it.'” Such systems typically
also impose a cost on patients in terms of copayments.
In contrast, Norway has a public healthcare system in
which oncologists have no personal financial incentive to
prescribe, but also little disincentive in terms of patient
co-payments (Norway has copayment on certain types of
treatments, but a low total annual maximum of approx-
imately US$270 in 2020). It is, therefore, unclear which
system results in the highest end-of-life PACT rates. The
evidence of factors influencing end-of-life care in Euro-
pean countries is also lacking. In a 2014 systematic review
of end-oflife studies in cancer care, Langton et af found
15 studies that examined quality indicators (including
use of chemotherapy) for end-of-life care, of which none
were from Europe. More recently, however, such studies
have been published for Denmark and France."' '* The
proportion receiving chemotherapy during the last 14
days of life was 4.2% in Denmark and 11.8% in France.'' '

Use of PACT towards the end of life represents a diffi-
cult medical decision and an important policy issue for
patients and society. One approach to improve the quality
in end-of-life care is to gain a better understanding of
current patterns of end-ofdife treatment at a national
level in a public healthcare system where the overall
goal is to offer patients equitable access to care. We used
comprehensive individual patient-level nationwide data
from the Norwegian Patient Registry'® to answer two
research questions: First, what proportion of patients
receive PACT during their last year and months of life
in Norway? Second, to what extent are treatment deci-
sions influenced by patients’ age, gender, type of cancer
or geographical factors?

METHODS

We performed a retrospective cohort study using data
from the Norwegian Patient Registry (delivered August
2018). Each episode of care (inpatient stay, day care or
outpatient visit) in the Norwegian Patient Registry has a
main International Classification of Diseases Tenth Revi-
sion (ICD-10) diagnostic code, possibly supplementary
diagnostic codes, and a unique patient identifier that
allows patients to be followed over time. Diagnostic codes
in the Norwegian Patient Registry have proved valid when
compared with the Cancer Registry of Norway.'* Each
episode of care also had a diagnosis-related groups (DRG)
code and an Anatomical Therapeutic Chemical (ATC)
code in cases where PACT was administered. Additionally,

the dataset encompassed the following variables: unique
patient ID, patient age and gender, county of residence
(19 counties), year/month of episode, medical and
surgical procedure codes, code for infusion of PACT, days
until death and level of care (hospital outpatient/day
care and inpatient).

We included all episodes of care with ICD-10 codes
C00-99, D00-09, D37-48. Norway has a population of
approximately 5.4 million, and in 2017, a total of 33 564
new cancer cases were reported and 273 741 Norwegians
were alive after having received a cancer diagnosis."
Cancer treatment in hospice and private hospitals is
negligible, thus, the Norwegian Patient Registry includes
virtually all Norwegian patients with cancer. Our dataset
encompassed 7 423 828 episodes for 420 655 patients.
Our data included all patients with cancer who had been
in contact with Norwegian hospitals (outpatient or inpa-
tient) between 2009 and 2017 among whom 128 413
were reported dead by the end of 2017. All analyses were
performed on a subset of the data (a 5 year cohort of
patients who died during 2013-2017 with at least 1-year
follow-back data, N=52 496) as patient administered treat-
ment (oral and subcutaneous) were notidentifiable in the
registry before 2013 (see figure 1). Patient characteristics
for the complete sample for the period 2013-2017 and
the subsample used for analyses are presented in online
supplemental table S1. The Norwegian Patient Registry
has systems for data cleaning and continually check for
correctness. We have further checked for correctness and
consistency without detecting need for further cleaning.

Classification of cancer diagnosis

Patients with more than one cancer diagnosis were clas-
sified into mutually exclusive cancer diagnoses based on
their main and supplementary diagnosis (online supple-
mental table S1). Patients with multiple cancer diagnoses
were assigned to a single diagnosis based on their most
frequently listed cancer diagnosis type. Classification of
cancer diagnosis was based on data from 2009 to 2017.

Pharmaceutical anticancer treatment

PACT included cytostatic agents, cytotoxic agents,
targeted therapies and immunotherapies. We classified
PACT as intravenous, subcutaneous or oral by means of
ATC codes and the DRG system. To calculate the propor-
tion of patient who received PACT 1 year before death,
patients with follow-back time less than 1 year from first
episode of cancer until death were excluded from the
analyses. We ran additional analyses to investigate the
effect of limiting our study population to patients with at
least 1-year follow-back.

Statistical analysis

For each patient, we registered whether he or she received
PACT during the following periods prior to death: 12,9, 6
and 3 months, and 1, 2, 3, 4, 5, 6, 7 and 8 weeks. Propor-

tion of patients receiving PACT were defined as %
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Complete sample
All Norwegian patients in contact with
somatic hospitals with a cancer
diagnosis during 2009-2017
N= 4%0,655)

Number of patients withdrawn due to being alive by the

v

Patients who died between 2009-2017
(N=128,413)

end of 2017: 292,242

y

Patients who died between 2013-2017

Number of patients withdrawn because time of death
was before 2013 (first year where patient administered
treatments were identifiable in the registry): 49,933

(N =178,480)
|
v
Study population

Patients who died between 2013 and
2017 with at least 12 months follow-up
(N =52,496)

Figure 1 Flow diagram for selection of study population.

where PACT, is the number of patients who received
PACT during time period ¢ (t= time period prior to death
and N is the number of patients with more than 12
months follow-back time before death. In other words,
the numbers present aggregates over time periods, not
treatment at a point in time.

We used block bootstrapping to estimate the SE of the
proportion of patients who received PACT during time
period t.'% To reproduce the dependence structure of the
observed data in the resampled data, we created blocks of
consecutive data defined as each individual patient’s treat-
ment course (lastyear before death). We estimated logistic
regression models to identify predictors of receiving PACT
during the last month of life. The following variables were
included in the multivariable regression model: year of
death, patient’s age at death, region of hospital, gender
and type of cancer. The variables were chosen because
they were expected to influence the use of PACT and due
to availability in the obtained data.

All analyses were performed using STATA software V.14
(StataCorp).

Patient and public involvement
No patient involved.

RESULTS

Use of end-of-life PACT

A total of 301 611 patients with cancer received care in a
hospital during the period 2013-2017. Of these patients,
52 496 patients (17.4%) were reported dead by the end
of 2017 and had at least 1-year follow-back. Of this group,
12 604 (24.0%, 95% CI 23.4% to 24.6%) received PACT

Number of patients withdrawn for having follow-up
time less than 12 months: 25,984

Logistic regression analysis
performed with and without
this exclusion criteria

during the last year of life (figure 2). The rates of PACT
1 year prior to death were highest for pancreatic cancer
(60.7%, 95% CI 58.0% to 63.5%), multiple myeloma
(53.0%, 95% CI 50.2% to 55.8) and lung cancer (45.7%,
95% CI 44.4% to 47.1%). Kidney cancer (11.7%, 95% CI
9.6% to 13.7%), urinary tract (12.8%, 95% CI 11.6% to
14.0%) and leukaemia (14.4%, 95% CI 3.1% to 15.8%)
had low PACT rates during last year of life. In total 1691
(3.2%, 95% CI 3.0% to 3.5%) received PACT at least
once during the last month before death, and patients
with multiple myeloma (12.7%, 95% CI 10.9% to 14.5%),
breast (6.5%, 95% CI5.7% to 7.3%) and mouth/pharynx
cancer (6.0%, 95% CI 4.3% to 7.7%) had the highest
rates. Among cancers with low PACT rates during the
last month before death were urinary tract (1.1%, 95%
CI 0.7% to 1.5%), kidney cancer (1.4%, 95% CI 0.7% to
2.0%) and prostate cancer (1.4%, 95% CI 1.1% to 1.6%).

Predictors of variation in treatment decisions

The odds for receiving PACT during the last month of
life were highest for patients aged 40-59 years and lowest
for those aged 80+ (table 1). Adjusted for the included
covariates, patients living in Northern (OR 0.80, 95%
CI 0.68 to 0.94) or Western Norway (OR 0.85, 95% CI
0.75 to 0.96) had lower odds of receiving PACT within
the last month of life compared with those living in the
South-East region. Also, patients diagnosed with multiple
myeloma (OR 3.03, 95% CI 2.48 to 3.72) and breast
cancer (OR 1.36,95% CI 1.13 to 1.63) had higher odds of
receiving PACT during the last month of life (compared
with lung cancer). Kidney cancer (OR 0.25, 95% CI 0.15
to 0.43), urinary tract (OR 0.38, 95% CI 0.27 to 0.53)
and prostate cancer (OR 0.39, 95% CI 0.31 to 0.49) had
significantly lower odds. There was no clear trend towards
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Figure 2 Proportion of patients with cancer receiving pharmaceutical anticancer treatment during last weeks or months of life,

2013-2017.
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Table 1

Multivariable logistic regression analysis of the

odds that patients received pharmaceutical anticancer
treatment last month before death

OR (95% CI) P value
Year of death
Reference: 2013 0.99 (0.96 to 1.03) 0.74
Age
60-69 years (reference) 1.00 NA
0-9 years 0.85 (0.20 to 3.52) 0.82
10-19 years vs 60-69 years 0.74 (0.23 t0 2.38) 0.62
20-29 years vs 60-69 years 0.68 (0.29 to 1.55) 0.36
30-39 years vs 60-69 years 1.08 (0.73 to 1.61) 0.70
40-49 years vs 60-69 years 1.46 (1.19t0 1.78) <0.001
50-59 years vs 60-69 years 1.33(1.16 t0o 1.53)  <0.001
70-79 years vs 60-69 years 0.62 (0.55t0 0.69) <0.001
80-89 years vs 60-69 years 0.14 (0.12t0 0.17)  <0.001
90-99 years vs 60-69 years 0.03 (0.14 t0 0.53)  <0.001
Hospital affiliation (regional health authority)
South-Eastern (reference) 1.00 NA
Central 1.02 (0.90 to 1.17) 0.74
Western 0.85 (0.75 to 0.96) 0.01
Northern 0.80 (0.68 to 0.94) 0.01
Gender
Women 0.97 (0.87 to 1.07) 0.52
Type of cancer
Lung cancer (reference) 1.00 NA
Mouth, pharynx 1.14 (0.84 to 1.55) 0.41
Colon, rectum, rectosigmoid 0.84 (0.71 to 0.99) 0.05
Pancreatic 1.21 (0.94 to 1.54) 0.14
Melanoma 0.77 (0.58 to 1.03) 0.08
Breast 1.36 (1.13t0 1.63)  <0.001
Cervix uteri 0.69 (0.42 to 1.13) 0.14
Prostate 0.39 (0.31t0 0.49) <0.001
Kidney (excl. renal pelvis) 0.25 (0.15t0 0.43) <0.001
Urinary tract 0.38 (0.27 t0 0.53)  <0.001
Non-Hodgkin's lymphoma 1.06 (0.81 to 1.38) 0.69
Leukaemia 0.72 (0.57 to 0.93) 0.01
Multiple myeloma 3.03 (2.48t03.72) <0.001
Residual group* 0.66 (0.57 t0o 0.76)  <0.001

Constant: 0.10 (0.08-0.11).

*Residual group includes all cancers not presented above.

NA, not applicable; OR, odds ratio.

higher or lower provision of end-of-life PACT during the
observation period and we found no differences between
genders.

Additionally, we ran analyses for women and men sepa-
rately and analyses excluding cancers that only occur for
one gender (breast, uterine, prostate), but we were not
able to find any differences between genders. Also, we
tested for several plausible interactions between gender,
age, health region and cancer type. In total, we tested for

36 interactions. Six were borderline significant, but none
of the interactions were meaningful (online supplemental
table 52). Finally, we investigated the impact of restricting
our population to patients with at least a 1-month follow
back period (compared with 1 year in our base-case anal-
ysis). The predictors were not substantially affected by the
change in patient population (online supplemental table
S3).

DISCUSSION

One in four Norwegian patients with cancer receive PACT
during their last year of life, while 3% are treated within
the last month. Patients who are elderly or residents of
Northern or Western Norway (regions with a lower popu-
lation density compared with the south-east region) are
less likely to receive PACT during the last month of life.
The proportion receiving PACT end-of-life in Norway are
relatively low compared with other European countries
with similar healthcare systems, indicating that medical
culture and patient preference impact choice of treat-
ment end of life.

Previous studies indicate high levels of PACT use near
the end of life with rates up to 38% during last month in
countries in North America, Asia and Europe.’ " ! Our
findings of generally low PACT rates in Norway align well
with results reported previously* and the relative low rates
found in our neighbouring country Denmark'* which has
a similar healthcare system. Having a public healthcare
system, where oncologist have no financial incentive to
prescribe, may explain the lower rates in Norway. Addi-
tionally, due to strict priority setting for pharmaceuticals,
not all new treatment options are available to Norwegian
patients. Other factors may also explain the lower rates,
such as the role of palliative care teams or culture and
attitude towards end-of-life treatment in the clinical envi-
ronments. Even if the negligible patient copayments in
Norway should favour use of PACT, the inhibitive factors
dominate the final decisions. Our findings support
previous research that factors such as age, tumour site
and region of residence influence the level of PACT near
death. 112024

The main strength of our study lies in the use of nation-
wide registry data for a period of 5 years with a range of
key covariates. Almost all patients with cancer in Norway
receive medical care in public hospitals, so our data cover
virtually the entire Norwegian population (no selection
bias). Our data also include a range of covariates allowing
adjustment for patient characteristics, year of treatment,
type of cancer and patient’s place of living. Another
strength is that we capture both hospital-administered
and patient-administered PACT. In recent years, subcu-
taneous and oral PACT have become important modali-
ties, making it essential to include these treatments when
studying end-of-life care.

However, the study also has several limitations. First,
we do not have information on disease stage, the treating
clinician, comorbidities or functional status. Complete
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information of ATC codes was also not available; thus,
classes of PACT were not considered as determinant in
the analyses. A key challenge of the study design is that
we cannot translate the findings directly into how to
change clinical practice. Second, there is some risk of
misclassification of diagnosis. We chose patients’ most
frequent diagnosis but tested alternative algorithms for
assigning diagnosis. In 90% of the cases the same cancer
diagnosis was assigned regardless of which algorithm had
been applied. For legal reasons, our diagnosis data could
not be confirmed by linkage to the cancer registry, but
diagnostic codes in the Norwegian Patient Registry have
proved valid when compared with the Cancer Registry
of Norway.'* Even though some patients may have been
assigned an incorrect diagnosis, it is unlikely that this
would substantially impact the analysis of predictors.
Third, we do not have information on the cause of death
and assumed that all patients died from their cancer. We
analyse a subsample of descendants between 2013 and
2017 (52 496 patients), which correspond well to the
number of cancer deaths in Norway during this period in
the cause of death registry (54 204 deaths). Lastly, retro-
spective studies like this one may create a biased portrait
of terminal care because of the way subjects are identi-
fied and the time periods that are examined.* To address
this challenge, we ran additional analyses illustrating that
our results only were marginally affected by changes in
the study population. Our analyses are not based on any
specific definition of terminal phase, because we only
have information on the time of death, not the intention
of the treatment given.

Clinicians’ choice of end-oflife treatment may be
influenced by characteristics of the provider (supply
factors) and of the patients, their dependents and society
in general (demand factors). On the supply side, clini-
cians may be affected by their department’s culture,
their training, experience and marketing from the
pharmaceutical industry. Additionally, payment systems
and reimbursement schemes have been found to influ-
ence clinicians’ use of PACT.*® The regional differences
found in our study may indicate that department culture
and training may influence end-of-ife treatment. Also,
distance to hospital may play a role as travel distances
are less in the south-east region of Norway than others.
However, it is not necessarily the case that lower use of
PACT during the patient’s final months imply better or
more appropriate care.

Better knowledge on end-of-life treatment and factors
influencing the use of PACT are important in order to
ensure optimal treatment to avoid undue suffering
among patients and their dependents and unnecessary
use of healthcare resources.

CONCLUSION

Use of chemotherapy near end of life is modest in the
Norwegian healthcare system with universal access to care
and minimal patient copayment. Several other countries

with similar systems have higher PACT rates during the
last months of life, which indicate that not only financial
incentives, but also medical culture and patient prefer-
ences may impact choice of treatment. Information on
PACT rates may be useful for clinicians in order to achieve
optimal end-of-life care.
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