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INTRODUCTION

Approximately 30%-50% of people with cancer are pre-
scribed anti-coagulants and anti-platelet agents, collec-
tively termed anti-thrombotic therapy (ATT), but little is
known about the balance of their benefits and harms in
the context of malignancy.' Most patients are already re-
ceiving ATT at the time of cancer diagnosis for arterial
thromboembolism (ATE) such as cardiovascular, cere-
brovascular and peripheral vascular disease or as stroke
prevention for atrial fibrillation or mechanical heart
valves. Malignancy confers an additional thrombotic risk
not only for ATE but also, more commonly, for venous
thromboembolism (VTE), which affects up to 20% of can-
cer patients."”® The prothrombotic state is multifactorial
and includes procoagulant expression by the tumour itself
and extrinsic factors such as systemic anti-cancer thera-
pies (SACT).” In addition to an increased risk of cancer-
associated thrombosis (CAT), patients are also at greater
risk of bleeding; in part due to the highly vascular nature
of some tumours, altered haemostasis and thrombolysis
and from receiving cytopenic SACT regimes,' this is fur-
ther exacerbated by the use of ATT.®

The management of ATT is particularly challenging in
cancer patients with advanced disease since both thrombotic
and bleeding rates increase with disease progression.” Over
28% of hospice patients have asymptomatic deep vein throm-
bosis (DVT) and pulmonary emboli are seen in half of can-
cer patients at post—mortem.lo’11 Furthermore, 7.0%-9.8% of
patients at the end of life experience clinically relevant non-
major bleeding such as haemoptysis, epistaxis and haemate-
mesis, and this is strongly associated with the use of both
anti-platelet agents and anti-coagulants.'>"> Consequently,
ATT management near the end of life requires careful bal-
ancing of the risks of bleeding and thrombosis, while con-
sidering the patient's personal preferences, values and goals
of care.!*"?

Approximately 5%-15% of cancer patients at the end of
life are receiving anti-coagulants and 25%-35% anti-platelets
respectively."* While cancer-specific clinical guidelines are
clear in advising indications for the commencement of ATT,
there are few data regarding when they should be stopped.
Current best practice recommends indefinite therapy as long

these, 32% were receiving ATT at diagnosis, with 77% continuing until death. One-
year cumulative incidence of ATT discontinuation was 19% (95% CI: 18%-20%). The
1-year cumulative incidence of bleeding was 3.2% (95% CI: 3.0%-3.4%) and of throm-
boembolic events was 5.3% (95% CI: 5.0%-5.6%). ATT was prevalent at cancer diag-
nosis and discontinuation before death was uncommon. The management of ATT is
complex in patients with advanced cancer and there is a need for clearer guidance on
appropriate discontinuation strategies as well as when to continue these medicines.

anti-coagulants, anti-platelets, anti-thrombotic therapy, cohort study, end of life cancer care, palliative

as the thrombotic risk persists, and the anticipated bleeding
risk remains acceptable.'®'” However, the data suggest that
most cancer patients receiving ATT remain treated until
death, and this is associated with a higher rate of bleeding,
distress and complex bereavement sequelae.'>'>'®

Steps to optimise ATT in cancer patients nearing the end
of life are currently underway. The SERENITY project is a
pan-European collaboration to develop and evaluate a deci-
sion support tool to facilitate discussions regarding whether
to continue or stop ATT as death approaches in cancer pa-
tients."® These include the analysis of various European da-
tabases to further understand the use of ATT and to analyse
the associated risks of major bleeding, VTE and ATE accord-
ing to ATT exposure among patients with cancer in the last
year of life."®*” We report the outcomes from the UK arm
of the project using the Secure Anonymised Information
Linkage (SAIL) Databank, the national trusted research en-
vironment (TRE) for Wales, containing population-scale,
anonymised individual-level linked data sources.

MATERIALS AND METHODS

We constructed a cohort representing adults living in Wales
diagnosed with poor prognosis cancers between 1 January
2013 and 31 December 2021, as defined by a life expectancy
of less than 1 year according to their primary diagnosis and
stage (Section Sl.1). Follow-up ran from diagnosis (index
date) until death, migration or study end (31 December
2021), whichever occurred first.

Data sources

Data were accessed through the SAIL Databank, which
integrates linked, pseudonymised data from GP records,
hospital admissions, emergency departments and ad-
ministrative sources."”*' Among these SAIL data are the
Welsh Cancer Intelligence and Surveillance Unit (WCSU)
and the Cancer Network Information System Cymru
(CNIS). WCSU is responsible for collecting, managing
and analysing cancer-related data in Wales and holds data
from the National Cancer Registry. It plays a primary role
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in recording, storing and reporting all cancer incidences
for the Welsh population® (Section S2.1 details all data
sources used). Crucially, this dataset is subject to a se-
ries of validation checks, which result in a delay in cov-
erage. Currently, SAIL has access to WCSU data until 31
December 2020, and CNIS data until the end of the study
period. While WCSU is considered the gold standard for
capturing cancer patients in Wales, it is limited to the first
cancer diagnosis (one row per tumour) and is unable to
capture disease progression. In contrast, CNIS records
subsequent treatments and diagnoses, providing a more
longitudinal dataset that can track disease progression.

Study population

Using publicly available Welsh Government statistics (ac-
cessed from https://www.gov.wales/cancer-survival-wales
-2002-2020), we defined poor prognosis cancers as those
associated with <l-year survival (Section S1.1). Using
International Classification of Diseases (ICD-10) codes and
staging information from WCSU and CNIS, we selected a
cohort of poor prognosis cancer patients in Wales. If multi-
ple relevant diagnoses were present, only the first was used.
However, if multiple diagnoses were recorded on the same
day, all were considered.

Patients were linked to primary care and administrative
data using a unique identifier to obtain demographics, resi-
dency and death data (see Section S2.1).

Inclusion criteria

Patients were included if they had a valid linkage field, week
of birth and sex, were aged between 18 and 105years, had
continuous coverage, a relevant cancer diagnosis recorded
before death and during the study period (January 2013 to
December 2021) and were registered with a SAIL GP at the
end of their coverage period (Section S2.2).

Exposures and outcomes

To assess ATT exposure, we selected four treatment types
for analysis: Direct-acting oral anti-coagulants (DOAC),
Vitamin K antagonists (VKA), low molecular weight hep-
arins (LMWH) and platelet inhibitors (PI). We performed
a keyword search for these ATT types on the NHS Read
code version 2 code list. These Read codes were clinician-
reviewed (SN & AE) and classified as either a prescription
or discontinuation event (Table S1.3). These codes were
used to identify relevant prescription events from primary
care data.

An initial observational study of 30000 ATT users in
SAIL found a median prescription interval of 28 days, with
95% of all prescription intervals captured within 58 days
(Section S2.3). Based on this, we chose a 2-month (62 days)
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cut-off following a patient's final ATT prescription to define
ATT exposure.

ATT exposure at index was defined as having at least
one prescription within the 62 days prior to the index date.
ATT discontinuation was characterised by the final pre-
scription present in the patient's record. For individuals
whose final ATT record was a prescription event, 62 days
were added to this date to estimate the discontinuation
date. If the patient died or follow-up ended during this
time, this was not considered discontinuation. For indi-
viduals whose final prescription record corresponded to
a discontinuation event, this date was used as the discon-
tinuation date.

Clinical outcomes included thromboembolic events
(VTE, ATE, myocardial infarction [MI]) and clinically rel-
evant bleeding events (henceforth referred to as bleeding
events) identified via ICD-10 codes from secondary care
records (see Sections S1.3-S1.5). Patients with atrial fibril-
lation or prior thromboembolic events were flagged as hav-
ing indicators for ATT. While there were insufficient data
to grade bleeding using definitions agreed by the Scientific
and Standardization Committee (SSC) of the International
Society for Thrombosis and Haemostasis (ISTH), since the
events were sufficient to warrant recording in secondary
care, we considered they met the definition of clinically rele-
vant non-major bleeding as a minimum.*>**

Statistical approach

Summary statistics were performed to gain a better under-
standing of the data and to provide insights into the relation-
ship between ATT exposure at index, clinical outcomes and
cancer types.

Kaplan-Meier curves assessed time to death by ATT use,
age and cancer type. One-year cumulative incidences of
ATT discontinuation, bleeding and thromboembolism were
estimated using Fine and Gray models, accounting for death
as a competing risk. Raw data were collected using Eclipse
SDK (V4.15). Organisation, refinement and analysis were
performed using R V4.1.3 making use of the survival (v3.5-
5) and cmprsk (v2.2-11) packages for survival analysis.* ™

RESULTS
Cohort characteristics

We identified 25783 patients diagnosed with a poor progno-
sis cancer between January 2013 and December 2021. Median
age was 73years (interquartile range [IQR]=15years) with
57% male (Table 1). Most had gastrointestinal (46%) or res-
piratory cancers (39%). The cohort provided 8117 person-
years (PY) of follow-up. Median follow-up was 140days
(IQR=47-367) with a median survival of 145 (95% CI:
142-148) days (Table S3.1). Survival was longer in ATT-
unexposed patients at diagnosis (160 vs. 117 days, 95% CI:
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TABLE 1 Summary counts of the investigated cohorts within the Welsh cohort—all counts have been rounded to the closest 10.

Characteristics No ATT at index
Total 17520 (68%)
Median age 71years
(IQR=15years)
Age
<60years 3160 (18%)
60-79years 10550 (60.2%)
>80years 3810 (21.7%)
Sex
Female 8170 (46.6%)
Male 9350 (53.4%)
Year of inclusion
2013 2190 (12.5%)
2014 2230 (12.7%)
2015 2160 (12.3%)
2016 2280 (13%)
2017 2210 (12.6%)
2018 2340 (13.4%)
2019 2200 (12.6%)
2020 1030 (5.9%)
2021 870 (5%)
Primary cancer type
Gastrointestinal 8390 (47.9%)
Gynaecological 520 (3%)
Carcinoma of unknown primary 610 (3.5%)
Melanoma and other skin cancers 120 (0.7%)
Mesothelial and soft tissue 260 (1.5%)
Respiratory and intrathoracic 6490 (37%)
organs
Thyroid and other endocrine glands 50 (0.3%)

Urogenital 1080 (6.2%)
ATT relevant health outcome prior to index

12410 (33%)
12470 (33.2%)

12680 (33.8%)

ATT indicator 6 months prior
ATT indicator 1year prior
ATT indicator 5years prior

ATT at index Total
8260 (32%) 25780
76 years 73

(IQR=13years) IQR =(15years)
350 (4.2%)

4820 (58.4%)
3090 (37.4%)

3510 (13.6%)
15370 (59.6%)
6900 (26.8%)

2950 (35.7%)
5310 (64.3%)

11120 (43.1%)
14660 (56.9%)

1000 (12.1%) 3190 (12.4%)
1090 (13.2%) 3320 (12.9%)
1060 (12.8%) 3220 (12.5%)
1070 (13%) 3350 (13%)
1060 (12.8%) 3270 (12.7%)
1130 (13.7%) 3470 (13.5%)
1080 (13.1%) 3280 (12.7%)
390 (4.7%) 1420 (5.5%)
380 (4.6%) 1250 (4.9%)

3470 (42%)
140 (1.7%)
300 (3.6%)
60 (0.7%)
120 (1.5%)
3680 (44.5%)

11860 (46%)
660 (2.6%)
910 (3.5%)
180 (0.7%)
380 (1.5%)
10170 (39.4%)

20 (0.2%)
480 (5.8%)

70 (0.3%)
1560 (6%)

3750 (29.6%)
3970 (31.3%)
4960 (39.1%)

16 160 (32.2%)
16440 (32.7%)
17640 (35.1%)

Abbreviation: ATT, anti-thrombotic therapy.

155-164 vs. 112-122). Survival varied considerably with
cancer type and stage from 59 (95% CI: 51-65) days in stage
IV secondary and unspecified malignant neoplasms to 353
(95% CI: 313-424) days in stage III urogenital cancers.

At diagnosis, 32% (8260) were taking ATT, with this
proportion remaining stable over time. Among these, 77%
(6380) continued ATT until the end of follow-up (Table 2).
Of the 17520 unexposed to ATT at index, 13.6% (2330) initi-
ated ATT during follow-up.

ATT indicators were present in 35% (17640) of patients in
the prior 5years, 33% (16440) in 1 year and 33% (16160) in
6 months. Prevalence was similar in ATT-exposed and unex-
posed groups across all time windows (Table 1).

Discontinuation

Among patients exposed to AT T atindex, the discontinuation
rate was 304/1000 PY (95% CI: 292-316). Discontinuation
was more common in older males, varying substantially by
cancer type. Highest rates occurred in metastatic cancers of
unknown primary (525/1000 PY, 95% CI: 421-648), while
thyroid and other endocrine cancers (163/1000 PY, 95% CI:
65-335) and skin cancers (144/1000 PY, 95% CI: 79-241) had
the lowest (Figure 1).

The 1-year cumulative incidence of ATT discontinuation
was 19% (95% CI: 18%-20%) with death as a competing risk
(Figure 2, Table 3). The 1-year incidence of discontinuation
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TABLE 2 Counts for outcomes following cancer diagnosis date, stratified by ATT exposure at index.
Outcome Total ATT at index No ATT at index
Died before end of follow-up 24320 (94%)
Discontinued ATT before end of follow-up 2470 (10%) 1880 (23%) 590 (3%)

Continued ATT until end of follow-up 8110 (31%)

6380 (77%) 1730 (10%)

Started ATT after index (patients who were unexposed to 2320 (9%) NA 2320 (13%)
ATT at cancer diagnosis only)
Bleeding event within 1year of index 820 (3%) 280 (3%) 540 (3%)
Thromboembolism within 1year of index 1350 (5%) 390 (5%) 960 (5%)
Both a major bleed and thromboembolism within 1year 70 (0.3%) 20 (0.2%) 50 (0.3%)
of index
Abbreviation: ATT, anti-thrombotic therapy.
Total Total - *
Female - -
Sex Male - .-
<60 years - ——
Age group 60-79 years - -
>=80 years - ——
Carcinoma of unknown primary - *
Gastrointestinal - —*-
Gynaecological - ——
Melanoma and other skin cancers - =
Cancer type : 4
P Mesothelial and soft tissue - ——
Respiratory and intrathoracic organs - -
Thyroid and other endocrine glands - b
Urogenital - ——
Blend Bleed recorded - -
No bleed recorded - -*
Artherial thromboembolism - ——
Has a thromboembolism Myocardial infarction - —=—
Venous thromboembolism - ——
Q Q Q
P ® S

FIGURE 1

was highest among patients with gastrointestinal cancer
(23% (95% CI: 14%-34%) for stage I, 25% (95% CI: 16-34) for
stage II and 23% (95% CI: 20-26) for stage III) and stage IV
urogenital cancers (24% (95% CI: 20-27)), while those with
stage IV melanoma and other skin cancers (15% (95% CI:
7.5%-24%)), stage III respiratory and other intrathoracic or-
gans (15% (95% CI: 14%-17%)) and stage III urogenital can-
cer (15% (95% CI: 9.7%-22%)) were significantly lower.
Patients with ATT indicators in the 5 years before diagno-
sis were less likely to discontinue than those without (ATT
indicator = 18%, 95% CI: 16%-19%, no ATT indicator =20%,
95% CI: 19%-21%). An ATE in the 5years prior to index was
associated with a lower incidence of discontinuation than
those without (16% (95% CI: 15%-18%) vs. 19% (95% CI:
18%-20%), p=0.008), while atrial fibrillation in the previous

Rate per 1,000 person years

Rates of ATT discontinuation per 1000 person-years with 95% CI. ATT, anti-thrombotic therapy.

5years was associated with a higher incidence of discontin-
uation compared to those without (18% (95% CI: 16%-20%)
vs. 15% (95% CI: 14%-16%), p<0.001). Year of inclusion and
sex were not associated with discontinuation.

Clinical outcomes

Within 1 year of follow-up, 820 patients (3.2%) experienced a
bleed and 1350 patients (5.2%) experienced a thromboembo-
lism (64.5% VTE, 29.0% ATE, 12.3% MI) (Table 2). Seventy
patients (0.2%) experienced both a bleed and a thromboem-
bolism within 1year of index.

Rates of bleeding and thromboembolic events were
55.1/1000 PY (ranging between 21.1 and 101.0 according to
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Overall discontinuation

1.001
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Outcome — Antithrombotic deprescription === Death
AtRisk 10580 8724 7074 6039 5308 4777 4315 3915 3609 3261 2979 2707 2483
Events 0 1895 3498 4503 5204 5712 6170 6554 6848 7182 7448 7710 7926
FIGURE 2 Cumulative incidence of discontinuation among individuals who were either ATT exposed at index. The 1-year cumulative incidence

was 19% (95% CI: 18%-20%). ATT, anti-thrombotic therapy.

subgroup) and 85.6/1000 PY (39.3-266.7). Rates of thrombo-
embolisms were higher than for bleeding, except in patients
with melanoma and urogenital cancer and for ATT unex-
posed at index (Figure 3). ATT use correlated with higher
thromboembolism rates, especially in those initiated after
diagnosis. LMWH users had the highest thromboembolism
rate, followed by DOAC:s. Bleeding was lower in those who
discontinued ATT. The overall 1-year cumulative incidence
of bleeding, accounting for the competing risk of death, was
3.2% (95% CI: 3.0%-3.4%) (Figure 4). Bleeding incidence was
significantly associated with sex, with males experiencing a
higher incidence than females (3.6% (95% CI: 3.3%-3.9%) vs.
2.6% (95% CI: 2.4%-3.0%)) (Table 4). However, neither ATT
exposure at index nor inclusion year was significantly asso-
ciated with the cumulative incidence of bleeding (p=0.3 and
0.7 respectively).

In contrast, the 1-year cumulative incidence of thrombo-
embolism was higher at 5.3% (95% CI: 5.0%-5.6%) and varied
by type of event (Figure 4). VTE was the most common form
of thromboembolism (3.4%, 95% CI: 3.2%-3.7%) followed
by ATE (1.6%, 95% CI: 1.4%-1.7%) and MI (0.45%, 95% CI:
0.38-0.54). ATT use at index was significantly associated

with thromboembolism incidence, with a 1-year cumulative
incidence of 4.7% (95% CI: 4.3%-5.2%) among ATT exposed
versus 5.6% (95% CI: 5.2%-5.9%) among unexposed. When
stratifying by type of events, this relationship was most pro-
nounced for VTE, with patients unexposed at index hav-
ing a higher cumulative incidence compared to those who
were exposed (3.9% (95% CI: 3.6%-4.2%) vs. 2.4% (95% CI:
2.1%-2.8%)). However, this relationship was reversed for MI,
with those who were exposed at index experiencing a higher
incidence of thromboembolic events (MI=0.66% (95% CI:
0.50%-0.86%)) compared to those who were unexposed
(MI=0.35% (95% CI: 0.27%-0.45%)). Sex and year of inclu-
sion were not associated with thromboembolism (p=0.7,
p=0.2 respectively).

DISCUSSION

In our analysis of 25 783 patients with poor prognosis cancer,
totalling 8117 person-years of follow-up, we observed a me-
dian survival of 145days. This suggests that the data likely
reflect prescribing practices during the last year of life. At
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TABLE 3 One-year cumulative incidence of ATT discontinuation in

poor prognosis patients.

Variable

Overall

Sex
Female
Male

Inclusion year
2013
2014
2015
2016
2017
2018
2019
2020
2021

Cancer type
Gastrointestinal, stage I
Gastrointestinal, stage IT
Gastrointestinal, stage III
Gastrointestinal, stage IV
Gynaecological, stage IV

Carcinoma of unknown primary,
stage IV

Melanoma and other skin cancers,
stage IV

Mesothelial and soft tissue, stage I
Mesothelial and soft tissue, stage II
Mesothelial and soft tissue, stage ITI
Mesothelial and soft tissue, stage IV

Respiratory and intrathoracic organs,
stage III

Respiratory and intrathoracic organs,
stage [V

Thyroid and other endocrine glands,
stage IV

Urogenital, stage ITI
Urogenital, stage IV
ATT indicator in the 1year prior to index
Any indicator
No indicator
Atrial fibrillation
No atrial fibrillation
ATE
No ATE
VTE

1-year cumulative
incidence of

discontinuation (95%

CI)
19% (18%-20%)

13% (12%-15%)
14% (13%-15%)

20% (18%-22%)
19% (17%-21%)
18% (16%-20%)
20% (18%-22%)
19% (17%-21%)
19% (17%-21%)
17% (15%-19%)
19% (15%-22%)
19% (12%-25%)

23% (14%-34%)
25% (16%-34%)***
23% (20%—26%)***
21% (20%-22%)**
16% (11%-20%)***
22% (18%-27%)**

15% (7.5%—24%)***

20% (9.0%—-33%)***
21% (7.1%-39%)**
20% (10%-329)***
20% (10%-3296)***
15% (14%-17%)**

16% (14%—17%)***
17% (6.0%—-33%)***

15% (9.7%—22%)***
24% (20%-27%)***

17% (15%-19%)
19% (18%-209%)
18% (15%-21%)
15% (14%-16%)
14% (12%-17%)**
19% (18%-20%)**
18% (15%-21%)

(Continues)
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TABLE 3 (Continued)

1-year cumulative

incidence of

discontinuation (95%
Variable CI)

No VTE 19% (13%-14%)
ATT indicator in the 5years prior to index
18% (16%-19%)*
20% (19%-21%)*

Any indicator

No indicator

Atrial fibrillation 18% (16%-20%)***
No atrial fibrillation 15% (14%-16%)***
ATE 16% (15%-18%)**
No ATE 19% (18%-20%)**
VTE 18% (16%-20%)
No VTE 19% (18%-20%)

ATT indicator in the 10 years prior to index

20% (19%-21%)*
18% (16%-19%)*
18% (16%-20%)***
15% (14-16%)***

Any indicator
No indicator
Atrial fibrillation

No atrial fibrillation

ATE 16% (15-18%)**
No ATE 19% (18-20%)**
VTE 17% (16-19%)

No VTE 19% (18%-20%)

Abbreviations: ATE, arterial thromboembolism; ATT, anti-thrombotic therapy;
VTE, venous thromboembolism.

**p<0.001. **p<0.01. *p<0.05.

the time of cancer diagnosis, 32% of patients were exposed to
ATT, and of those, 23% discontinued treatment before death.
The l-year cumulative incidence of ATT discontinuation
among all patients with poor prognosis cancer was 19%. We
found a higher cumulative incidence of discontinuation in
patients with urogenital and gastrointestinal cancers. Lower
discontinuation rates were observed in those without a re-
cent history of atrial fibrillation.

With 32% of patients receiving ATT at index, these data
are similar to Danish registry findings (37.5%) and further
challenge assertions that management of thrombosis and
anti-coagulation are beyond the remit of palliative care as
a specialty."®* Discontinuation of ATT prior to death was
uncommon (19%), in keeping with other studies which re-
port that most cancer patients continue ATT until end of
life.!>!8282 The decision whether to deprescribe or indeed
initiate ATT near the end of life should involve balancing
risks of bleeding versus thrombosis within the context of
the patient's experience, values and preferences. Considering
how to apply these data to clinical practice requires an ap-
preciation of the nuances of bleeding and thromboembolism
definitions, along with how they are recorded. Historically,
bleeding definitions have been developed and refined by
professional organisations such as the ISTH SSC, primarily
to standardise outcome measures for clinical trials evalu-
ating new anti-coagulants and anti-platelet agents.”® These
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Total Total - * =
male - * »
Sex female - ' »
=60 years - - -
Age group 60-79 years - * =
>=80 years - -
Urinary tract - -
Respiratory and intrathoracic organs - * -
Mesothelial and soft tissue-  —%—*—
Cancer type Melanoma and other malignant neoplasms of skin - e
Malignant neoplasms of ill-defined secondary and unspecified sites - —
Female genital organs - ———
Digestive organs - * *
Never took att - *
Took up ATT after index and discontinued - % ——
Took up ATT after index until end of followup - - ——
ATT exposure Continued until end of follow up - - .
Discontinued -
Never took ATT - -
T No DOACSs prescribed after index - il
DOAC exposure post-index DOACSs prescribed after index - - —*—
T No LMWHs prescribed after index - bk
LMWH exposure post-index LMWHs prescribed after index - - —*—
R E Platelet inhibitors prescribed after index - - -
Platelet inhibitor exposure post-index No Platelet inhibitors prescribed after index - LA
. VKAs prescribed after index - .
VKA exposure post-index Mo VKAs prescribed after index - ] I‘ hd

FIGURE 3

(A)  Cumulative incidence of bleeding events

O & S & B S
Rate per 1,000 person years

Event * Bleed “* Thromboembolism

Rates of bleeding and thromboembolic events per 1000 person-years (with 95% CI).

(B) Cumulative incidence of thromboembolic events

1.001

0.50

Cumulative Incidence

0.25

1.001

0.751

Cumulative Incidence
o
P
3

0 33 66 100 133 166 199 232 265 299 332 365
Days

Outcome — Bleed = Death
AtRisk 25783 21006 17160 14636 12940 11518 10289 9285 8370 7587 6894 6282

Events 0 4834 8561 10968 12584 13975 15139 16110 16959 17699 18364 18942

FIGURE 4

0 33 66 100 133 166 199 232 265 299 332 365
Days
Outcome — Thromboembolic event - Death
AtRisk 25783 20989 17107 14510 12721 11268 10028 9043 8152 7377 6697 6123
Events 0 4851 8614 11103 12811 14237 15414 16362 17186 17919 18569 19114

Cumulative incidence of bleeding (A) and thromboembolic events (B) within the cohort. The 1-year cumulative incidence was 3.25 (95%

CI: 3.0%-3.4%) for bleeding events and 5.3% (95% CI: 5.0%-5.6%) for thromboembolic events.

focus on definitions of major and clinically relevant non-
major bleeds based on objective measures or clinical events
and have also informed how they are coded on healthcare
databases.”>***" Thromboembolic events are usually re-
corded according to type of event (DVT, PE, ATE, M], etc.),
with limited detail of severity beyond capturing fatal events.

Such outcomes are of limited utility in patients with ter-
minal illness for two main reasons. First, in patients nearing
the end of life, there is a greater emphasis on quality of life

and outcome measures pertaining to survival are of less im-
portance. Second, while these results are unlikely to record
minor bleeds such as bruising and epistaxis, their impact on
patients’ quality of life can be substantial and plays a signifi-
cant role in clinical decision-making.**** Similarly, a binary
recording of a thromboembolic event does not capture clot
severity, let alone the clinical or psychological impact.
These results should be viewed in the context of the rec-
ognised strengths and limitations of large cohort studies
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TABLE 4 One-year cumulative incidence of clinical outcomes.
Thromboembolism
Variable Bleeds All ATE MI VTE
Overall 3.2% (3.0-3.4%) 5.3% (5.0-5.6%)  1.6% (1.4-1.7%) 0.45% (0.38-0.54%) 3.4% (3.2-3.7%)
Sex
Female 2.6% (2.4-3.0%)** 5.1% (4.7-5.6%)
Male 3.6% (3.3-3.9%)*** 5.4% (5.1-5.8%)
ATT usage at index
ATT exposed at index 3.4% (3.0-3.8%) 4.7% 1.8% (1.5-2.1%) 0.66% (0.50-0.86%)*** 2.4% (2.1-2.8%)***
(4.3-5.2%)**
ATT unexposed atindex  3.1% (2.8-3.4%) 5.6% 1.5% (1.3-1.7%) 0.35% (0.27-0.45%)*** 3.9% (3.6-4.20%)**

(5.2-5.9%)**

Abbreviations: ATE, arterial thromboembolism; ATT, anti-thrombotic therapy; VTE, venous thromboembolism.

*p<0.001. **p<0.01.

from patient databases. One strength lies in using a nation-
wide e-cohort to represent the population of Wales, drawing
from multiple high-quality data sources to follow patients
experiencing end-of-life care. Previous studies have focussed
solely on patients with stage IV cancers, using the presence
of metastases as a proxy for poor prognosis.”**> We focus
on all patients diagnosed with a poor prognosis cancer re-
gardless of disease stage, thus providing a more accurate re-
flection of the population of interest. This is more likely to
reflect real-world practice since clinicians will already have
identified those most likely to need a proactive approach to
advance care planning. This cohort had a median survival of
145 days (95% CI: 142-148) suggesting this selection criteria
are valid.

There are also limitations to this study. First, our pre-
scription data are limited to those prescriptions supplied by
a GP; we are unable to account for those provided by alter-
native sources, such as secondary or hospice care. Where
patients spend significant periods of time as hospital or hos-
pice in-patients, the absence of ATT prescribing in primary
care may infer an overestimation of the discontinuation rate.
Second, there are several challenges associated with defin-
ing ATT discontinuation and the date thereof. ATT discon-
tinuation was defined as the final prescription received by a
patient, plus an additional 2 months, which captures 95% of
repeat prescriptions in the Welsh population. Additionally,
variation in prescription length is not accounted for by this
assumption, which may be of relevance to end of life care
where medication is reviewed more frequently. Patients may
also discontinue ATT before the end of their prescription or
even not take their medication at all. This method also does
not account for dose reductions and patients who discon-
tinue and then restart treatment, missing out on dynamic
changes in ATT exposure. We were unable to ascertain the
severity of clinical outcome from ICD-10 codes alone, lim-
iting our study to a binary classification of whether our pa-
tient experienced an event or not. This may oversimplify our
results, by not accounting for the range of severity in real-
life outcomes. Moreover, these data do not capture events

recorded in primary care and may therefore underrepresent
these outcomes, as patients in the very last phase of life may
not be referred to the hospital anymore. Finally, our study
focuses on cancer patients with a poor expected outcome;
however, this may not be representative of all cancer patients
in their final 12 months of life.*®

This nationwide cohort study corroborates previous re-
ports that the majority of terminally ill cancer patients re-
ceiving ATT continue these medicines until death. This
reinforces the need for a decision support tool to facilitate
shared decision-making and help rationalise ATT in the ad-
vanced cancer setting, which is currently being developed
within the Serenity project.”
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