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ABSTRACT (249 words)

Background and Aims: Advanced cancer may resemble a heart failure (HF)-like phenotype marked
by cardiac wasting, dyspnoea, congestion, and/or physical dysfunction. The trial evaluated safety and
efficacy of HF therapy among patients with advanced cancer receiving specialized palliative care to

improve patients’ self-care ability.

Methods: Patients with stage 4 solid tumours with a life expectancy of 1-6 months receiving
specialized palliative care were enrolled. Patients were required to meet at least two cardiovascular
risk criteria and at least one criterion for functional limitation. Participants were randomized 1:1 to
receive optimised HF therapy (up to 4 drugs: sacubitril/valsartan, empaglifiozin, ivabradine, ferric
carboxymaltose) or placebo in a double-blind setting. The primary hierarchical endpoint included: (1)
days alive and able to wash oneself, (2) ability to walk 4 m, (3) self-reported patient global assessment
(PGA) of subjective well-being, during the 30-day placebo-controlled phase.

Results: In 5 centers, 93 patients were randomized. The primary endpoint did not differ between
groups (win ratio 0.95, 95% confidence interval [Cl] 0.57-1.58; P=0.83). Overall, mortality was 32% at
30 days (not different between groups). In patients alive at 30 days, HF therapy reduced N-terminal
pro-B-type natriuretic peptide levels by 41% (P=0.040), increased left ventricular ejection fraction by
2.9% (P=0.036), and improved PGA scores (odds ratio 0.22, 95% CI 0.06-0.75; P=0.016).

Conclusions: In a population with advanced cancer receiving specialized palliative care and high
early mortality, optimised HF therapy did not improve patients’ self-care ability. Among survivors at 30
days, improvements in quality of life measures and cardiac biomarkers suggest potential benefit of

individualized HF therapy, which is hypothesis generating and needs validation.

Keywords: Heart failure therapy, end-stage cancer, palliative care, cardiac wasting, clinical trial.
EudraCT Number: 2021-006994-48

NCT05636774
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INTRODUCTION

Functional decline is a hallmark of disease progression in advanced cancer and is driven by multiple
pathophysiological mechanisms, including inflammation, metabolic dysregulation, leading to
progressive cardiac and skeletal muscle wasting."? Nearly half of all patients with cancer progress to
palliative care, marked by a decline in physical function and increased dependence.® Combined
effects of cancer progression and anticancer therapies may induce a heart failure (HF)—like
phenotype, characterized by cardiac dysfunction, myocardial wasting, and disruption of cardiac
homeostasis, including fibrosis and apoptosis, leading to congestion, dyspnoea, and impaired physical
functioning.#® Cardiac wasting in such patients significantly contributes to HF-like symptoms such as
dyspnoea, fatigue, and functional decline, with up to 50% of the patients demonstrating evidence of
myocardial atrophy.® This patient population is often characterized by advanced disease, significant
functional decline, and a very limited life expectancy, posing considerable challenges for clinical trials

seeking to establish clinical benefits statistically.

Most cardio-oncology trials have focused on preventing cardiotoxicity from chemotherapy, particularly
from agents such as anthracyclines, tyrosine kinase inhibitors, and immunotherapies.”® Despite the
high burden of HF-like symptoms in advanced cancer, there remains a critical unmet need for studies
investigating the efficacy of established HF therapies in improving cardiac function and reducing
symptomatic burden in this highly vulnerable population receiving palliative care. The EMPATICC
(EMPower the heArt of patients with TermInal Cancer using Cardiac medicines) trial — a randomised
controlled trial evaluates the efficacy of an optimised HF regimen including sacubitril/valsartan,
empagliflozin, ivabradine, and ferric carboxymaltose in patients with advanced cancer and some
evidence of cardiac dysfunction. In this trial, we aim to investigate whether the optimised HF therapy
can improve self-care ability, physical functioning, and overall quality of life in patients with advanced

cancer receiving specialized palliative care.
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METHODS

Study Design

EMPATICC (INCOR 1) was a multicentre, investigator-initiated, randomised, controlled, double-blind
proof-of-concept trial involving patients with cancer receiving palliative care with a life expectancy of
1-6 months, alongside optimised analgesia. The study was conducted across five centres in
Germany. All relevant institutional review boards approved the protocol. The protocol adhered to the
principles of Good Clinical Practice and the Declaration of Helsinki. This study adhered to the
Consolidated Standards of Reporting Trials (CONSORT) reporting guidelines. Written informed
consent was obtained from all patients. Safety was assessed in an ongoing manor by the study
steering committee in a blinded setting. Assessment of mortality (and particularly early mortality) for

safety was performed by an unblinded sponsor representative.

Participants

Eligible participants were adults aged 18 years or older with stage 4 solid cancer in a specialized
palliative care setting, an expected survival time of 1-6 months, and optimised pain management.
Patients were required to meet at least two cardiovascular risk criteria: heart rate 270 bpm, N-terminal
pro-B-type natriuretic peptide (NT-proBNP) =600 pg/mL, elevated high-sensitivity troponin, left
ventricular ejection fraction (LVEF) <55%, left ventricular mass loss >15%, transferrin saturation
<20%, or moderate/high likelihood of HF with preserved ejection fraction. Additionally, at least one
functional criterion had to be present: 26 s to walk 4 m, inability to wash for =3 days out of the last 7
days, or symptoms of dyspnoea at rest (New York Heart Association [NYHA] class IV symptoms).
These pre-randomisation eligibility domains aimed to ensure that included patients exhibited both
signs of HF progression and clinical frailty and were — in the view of the involved HF cardiologists —
more likely to benefit from the therapy tested. The detailed eligibility criteria are shown in Table S1 in

the Supplementary Appendix.
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Randomisation and masking

On Day 1, participants were randomised 1:1 to either the HF therapy group or the control group,
initiating the 30-day treatment phase. An unblinded study team was responsible for treatment
decisions and administration study drugs, ensuring the blinding of the group assignement for patients
and the medical staff involved in patient care and study assessments. Participants, treating
oncologists (who provided the background standard of care therapy), and outcome assessors
remained blinded to treatment allocation throughout the trial, ensuring that patient management and
endpoint assessment were not influenced by knowledge of therapy assignment. In addition, the
monitors and dedicated study personnel for assessment of study outcomes were blinded. Hence, this

study was performed in a double-blind setting.

Procedures

The intervention involved an optimised HF treatment regimen, including sacubitril/valsartan,
empagliflozin, ivabradine, and intravenous ferric carboxymaltose. Each medication in the optimised
HF treatment regimen was administered according to guidelines and approved dosages.'® Selection
of therapies was guided by prior clinical experience in this vulnerable population, with a focus on
maintaining tolerability while addressing key pathophysiological targets. Details regarding medication
and procedures have been published previously.' Sacubitril/valsartan was initiated at 24/26 mg twice
daily, titrated up to 97/103 mg twice daily, being a well stablished and potent renin-angiotensin system
inhibitor in HF therapy.'? lvabradine was prescribed for patients with a resting heart rate 275 bpm in
sinus rhythm, starting at 5 mg twice daily and adjusted up to 7.5 mg twice daily. The intent was to
lower the heart rate of the cancer patients, as is done in HF with reduced ejection fraction therapy,
since elevated heart rate in cancer patients is a well-established risk factor for higher mortality.'4
Empagliflozin was administered at a standard dose of 10 mg once daily, as it had already shown great
benefits for patients with HF across the spectrum of LVEF including in HF with preserved ejection

fraction (HFpEF)."™ Patients with iron deficiency (transferrin saturation [TSAT] <20%) received
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intravenous ferric carboxymaltose, with dosage calculated based on body weight and haemoglobin
levels, administered in 0.9% sodium chloride solution, in an effort to restore iron storages of patients
with iron deficiency. Since ferritin is also an acute phase protein which is very often elevated in cancer
patients, we only used TSAT <20% for defining iron deficiency, being the main biomarker for defining

iron deficiency in cancer patients.'®

Dosing adjustments and administration were overseen by certified cardiologists. Since each patient
only received the medication/matching placebo if the above-mentioned criteria were met, each patient
received a somewhat individualized therapy. The treatment regimen was individualised according to
the clinical profile of each patient and eligibility for the individual agents, with some patients receiving
one drug, others a combination, and those meeting all relevant criteria receiving all four agents.
Patients in the control group received one to three placebo pills (manufactured by Zentiva Pharma,
Berlin) and/or saline infusions to maintain blinding; saline and ferric carboxymaltose infusions utilised
black infusion sets wrapped in opaque foil for blinding. The number of patients receiving each drug (or

their respective placebo) and their combinations is summarised in Supplementary Table S2.

A 30-day randomisation phase was followed by a 30-day open-label extension phase, during which all
participants could receive optimized HF therapy. In-person assessments were conducted on Days 10,

20, and 30 during the randomised phase, and on Days 40, 50, and 60 during the extension phase.

Outcomes

The protocol pre-specified that in case of higher than expected drop-out numbers, a win ratio
approach would be utilized. As 32% of study patients died within 30 days, this approach was selected
by the blinded members of the steering committee. The primary hierarchical endpoint consisted of
three components: (1) days alive and able to wash themselves (selected as step 1, as the washing
ability endpoint was the corner stone of this trial in this population from the beginning of study
planning), (2) the ability to walk 4 m, and (3) the self-reported patient global assessment (PGA) of

subjective well-being during the 30-day placebo-controlled phase. The first component, "days alive
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and able to wash themselves," was assessed over a 30+2-day period, with counts ranging from 0 to
32 days. The second component, "ability to walk 4 m", was assessed at the visits on Days 10, 20, and
30, with counts ranging from 0 to 3 visits. The third component, "self-reported PGA of subjective well-
being", was assessed at the last common assessment visit where both patients were alive (Day 30,
20, or 10) using a 7-point Likert scale. The ability to wash was selected as the primary endpoint
based on extensive personal and professional experiences, supported by discussions with
oncologists, palliative care specialists, cardiologists, regulators, and patients, where it was consistently
rated as a highly meaningful measure of dignity at the end of life. The relevance of this endpoint is
also supported by data from 169 patients with cancer receiving palliative care, where self-reported
ability to walk 4 m and to wash oneselves were independent predictors of survival and related to
worsening functional status.” PGA was used due to feasibility in this frail oncology population and it
has been successfully applied in other advanced disease settings.’® Moreover, the composite

endpoint accounts for potential attrition due to death.

For the first component, days alive and able to wash oneself, any form of washing (e.g., shower, bath,
sink, or sponge bath [in the patients’ bed]) qualified. The observation period extended up to Day 30
(x2 days), with scores ranging from 0 to 32. A “win” was determined if one patient had more days
than the other, exceeding a 1-day difference (or an equivalent % difference). When both patients
completed the study, only the shared observation period—determined by the shorter follow-up—was
considered. The second component, ability to walk 4 m, was assessed at Days 10, 20, and 30.
Patients were scored based on the number of visits where they could complete the walk (range 0-3).
Gait speed was calculated, but those unable to walk or deceased were assigned a speed of zero. The
third component, PGA of well-being, was measured on a 7-point Likert scale from “much worse” to
“much improved” and evaluated at the last visit where both patients were alive. When patients were
analysed for the secondary endpoint of PGA, deceased patients were assigned a score of 8 (“dead”).
A higher PGA is considered a win only if it is better than “much worse” (i.e., with a score <6).

Sensitivity analyses include reordering the hierarchy (e.g., prioritising survival or PGA) and
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incorporating all-cause mortality as the top-ranked component, with longer survival considered a win if

the difference exceeds one day.

Key secondary endpoints included the individual components of the primary endpoint, change in the
overall health/quality of life (QoL) score (i.e. question 15) of the EORTC QLQ-C15-PAL
questionnaire', and change in NT-proBNP during the 30-day intervention phase. In addition, 2D-
echocardiography was performed at baseline and day 30 and 60 by staff blinded to the treatment

allocation and that data are reported as per local readings.

Safety endpoints included all-cause mortality for 30 days (end of intervention phase) and 60 days (end
of extension phase), as well as until the end of follow-up for survival of all patients (30 days after the

last study visit of the last patient, i.e., until the end of February, 2025).

Statistical Analysis

The statistical analysis plan was signed on June 20, 2025, and the database was locked on July 8,
2025. This trial aimed to randomise a minimum of 72 patients (36 per group), with a final sample size
of 93 completely randomised patients. The sample size calculation was based on a two-sided alpha
level of 0.05 and 85% power.' Assuming 116 days (mean * standard deviation [SD]) alive and able
to wash themselves in the control group, the HF therapy was expected to improve this measure by 5
days. A probabilistic index of 0.278 indicated the likelihood of a patient in the HF therapy group

having more days alive and being able to independently wash themselves than a patient in the control

group.

If the primary hypothesis was rejected, five key secondary endpoints were tested hierarchically with
multiplicity adjustment. First, the "washing days" component was tested at 5% significance. If

significant, four additional secondary endpoints — days able to walk 4 meters, PGA, QoL (EORTC

10
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QLQ-C15-PAL Q15), and NT-proBNP — were tested using the Hochberg procedure to control the

familywise type | error rate.

The dataset for analysis included 90 patients for whom at least one data point for any primary or
secondary endpoint was available after baseline, i.e. we use a modified intention to treat approach.
Data for deceased or withdrawn patients were imputed based on the dependency of withdrawal on
disease severity. In cases of withdrawal due to disease progression, worst-case values (e.g., PGA=7,
walking speed = 0, no washing ability) were imputed for visits with missing data. The primary analysis
used the win ratio approach without stratification. Finkelstein-Schoenfeld statistics, p-values, win ratio,
win difference, win odds, and 95% confidence intervals (Cl) were reported. Secondary analyses
included win ratio for “days alive and able to wash”. Walking ability was assessed via proportional
odds logistic regression at Day 30, with non-ambulatory and deceased patients counted as unable to
walk. Accumulated walking data from Days 10, 20, and 30 were modelled with ordinal outcomes
ranging from 0-3; applying worst-case imputation as above. PGA was analysed using a mixed-effects
proportional odds model with treatment, visit, treatment-by-visit interaction, and centre as fixed effects.
Odds ratios (OR) and 95% Cls were calculated for Days 10, 20, and 30. EORTC QLQ-C15-PAL(g15)
and NT-proBNP were analysed using mixed linear models for repeated measures (MMRM), with fixed
effects for group, time, group-time interaction, baseline, and centre, assuming unstructured
covariance. NT-proBNP was log-transformed. Least squares means (LSM) and between-group

differences were reported with 95% CI.

Validated scales (ECOG) and other continuous outcomes (e.g., 4 m walking time) were analysed with
MMRM. Ordinal outcomes like PGA were analysed using proportional odds models. All-cause
mortality was analysed using Cox proportional hazards regression adjusted for centre. Hazard ratios
(HR) with 95% CI were reported. The proportional hazards assumption was assessed via Schoenfeld
residuals and time-by-treatment interaction testing. Kaplan-Meier survival curves with p-values from

the Cox regression were used for group comparisons.

11
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Subgroup analyses explored variations in outcomes based on sex, age, baseline self-care/mobility
status/4m walking time, ECOG performance status, and BMI. These outcomes should be regarded as
exploratory only, as the trial was not powered for these comparisons, and the small sample size (<100
randomised patients) with multiple testing increases the risk of over-interpretation. Sensitivity
analyses explored robustness to fatal events, missing data, and withdrawal patterns. All statistical

analyses were performed using R (R Core Team).

Organisational aspects

Principal investigators and representatives from BROST Stiftung designed the trial protocol. MSA,
AAM, TF, SDA and TR had unrestricted access to the data and vouch for the accuracy and
completeness of the data and analyses and for the fidelity of the trial to the protocol. The first draft of
the manuscript was written by MSA, AAM, and MSK, and all statistical analyses were performed by

MP and MH. The manuscript was reviewed and edited by all co-authors.

RESULTS

Patient Population

Between December 2022 through November 2024, patients were screened on oncology wards and
palliative care clinics of participating sites. For a total of 95 patients, inclusion and exclusion criteria
are documented in the database, and for 93 patients the randomisation process was completed
(distribution across centers: Essen: 56 patients, Berlin: 26, Heidelberg: 4, Leipzig: 4, Homburg: 3). A
total of 46 patients were randomly assigned to the optimised HF therapy plus usual care and 47 to the
control group (Figure 1). At baseline, 72% patients were on anti-cancer therapy. Of note, treatment
with angiotensin-converting enzyme inhibitor/angiotensin receptor blocker/angiotensin receptor-neprilysin
inhibitor was stopped shortly (i.e., within 2 days) before randomization in 27 participants) to allow for

potential treatment with sacubitril/valsavartan. In addition, treatment with sodium-glucose co-transporter 2

12
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inhibitors was stopped in 6 participants. While there were other changes in concomitant medication in a
few more cases shortly before start of the study medication, these were initiated by the treating oncologists

and related to the current clinical condition rather than to study medication.

The baseline characteristics of the patients are shown in Table 1 and Table S3 — the characteristics
are indicative of a cohort of patients with advanced cancer (UICC stage 4) in palliative care. The

details of the underlying cancer disease (all patients had solid cancers) are provided in Table S4. At
screening, 68 (73%) had ability to walk 4 m, 39 (42%) reported inability to wash themselves for =23 of
the past 7 days, 87 (94%) took 6.0 s to walk 4 m or had inability to walk 4 m at all and 36 (39%) had

iron deficiency (TSAT <20%) (Table 1).

Primary Endpoint

Details on the treatment provided in actively treated patients are provided in Table S5. The primary
hierarchical composite endpoint event did not differ significantly differ between groups (win ratio, 0.95;
95% CI1 0.57-1.58; P = 0.83) (Figure 2, Table 2, Graphical Abstract). Prespecified subgroup
analyses revealed no significant treatment-by-subgroup interactions when assessing interactions for
men vs women, by age, body mass index and ECOG status and walking ability at baseline with P-
interaction of 0.11 to 0.92 (Table 1). Sensitivity analyses, including those incorporating mortality as a
first stage, excluding patients with study withdrawal unrelated to disease progression or restricted to
survivors at Day 30, did not show a significant difference in the primary hierarchical composite

endpoint (win ratio 1.03 to 1.07, all P =0.78, Table S6).

Secondary Endpoints

Results for days alive and able to wash oneself during 30 days follow-up (P = 0.87) and for the ability
to walk 4 m (at visit D10, D20 and D30 — P = 0.34) were not different between for patients in the HF
therapy group or control group (Figure 3A and Figure 3B). Also, self-reported PGA of well-being was

not significantly different between groups (for results at Day 30: P=0.68, Figure 3C).

13
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At day 30, self-reported overall QoL, assessed by Question 15 of the EORTC QLQ-C15-PAL, was not
significantly different between the optimised HF therapy group and control group (LSM difference, 8.9;

95% Cl -2.4 t0 20.2; P = 0.12) (Figure 3D).

Analysing the changes in NT-proBNP levels from baseline to Day 30, NT-proBNP levels were found
lowered by active therapy compared to control by 41% (LSM difference: -0.41; 95% CI -0.80 to -0.02;
P = 0.040) (Figure 4A). Of note, this analysis was restricted to patients who were alive and had blood
samples taken and analysed at the time of the visit (i.e. a total of 47 patients were included in the
analysis at visit Day 30). Results were validated by assessing changes in LVEF, that revealed that
LVEF increased from baseline to Day 30 in those alive at that visit (treatment estimate at day 30:

+2.9% (95% Cl 0.2% — 5.6%), p=0.036, Figure 4B).

All-cause Mortality

Of the 93 patients randomized, at day 30 and day 60, we observed 29 and 42 deaths, respectively, i.e.
a mortality of 32% [95% CI 24-43%)] and 47% [95%CI 38-58%], respectively. During the entire follow-
up period available, 74 deaths were observed (12 months mortality 86% [95% CI 77-93%]). Cox
proportional hazards analysis showed no difference between groups with a HR of 0.85 (95% CI 0.53—

1.36; p=0.49) for HF therapy group vs control group (Figure 5A and 5B).

Exploratory analysis

Because, no difference in mortality was observed, and as changes in NT-proBNP and LVEF
suggested that active therapy was effective from a cardiovascular standpoint in survivors, we
performed survivor analyses also for QoL-related secondary endpoints. In analyses restricted to
patients who survived until Day 30, the HF therapy group demonstrated a significantly more

favourable PGA at Day 30 compared to the control group (OR 0.22; 95% CI 0.06 - 0.75; P = 0.016,

14
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Figure S1A). At day 30, the LSM difference for self-reported overall quality of life as assessed by
EORTC QLQ-C15-PAL(q15) was 10.5 (95% Cl, -0.9 to 21.9; P = 0.07, Figure S1B).

Treatment tolerability

In total, 28 adverse events of special interest occurred in 18 participants that were considered as possibly
or probably related to study drug. However, 18 of these events occurred in placebo-treated patients. The
remaining 10 events consisted of hypotension (6 events), dizziness, hypokalemia, hyperkalemia and
deterioration of chronic renal failure (each 1 event). There were no discontinuations related to tolerability

issues of the study medication.

DISCUSSION

In the EMPATICC trial, patients with advanced cancer in a specialized palliative care setting,
treatment with an optimized heart failure regimen — variable combinations of up to four drugs — did not
improve a hierarchical composite outcome focusing on survival together with self-care ability and
walking ability. Also, the components of this hierarchical outcome measure were not affected
positively, when studied in isolation. In patients who survived through 30 days, results suggest that

optimized HF therapy was associated with improvements in cardiac function and QoL.

We recruited a population of patients with advanced cancer receiving specialised palliative care who
showed symptomatic impairment and limited self-care ability as well as features of cardiac
abnormalities. Around 72% of the patients were receiving ongoing anti-cancer therapy at baseline.
Therefore, although patients were in a palliative care setting, the majority were still being actively

treated for their malignancy, and not uniformly considered ‘terminal’ by their oncology teams.

Using a well-recognised score to assess likelihood of presence of HFpEF in patients with (presumed)

cardiovascular disease, more than 80% of patients had intermediate or large likelihood of a diagnosis
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of HFpEF at baseline (Table S3). Nevertheless, we would like to emphasise that there was no intend
to select for presence of HFpEF per se, and no formal diagnosis of HFpEF was made in any patient.
For instance, in a patient with intermediate likelihood this would require stress echocardiography
and/or invasive haemodynamic assessments, which was not deemed appropriate for these patients.>?
This tool is not validated in advanced cancer. In many cases, elevated HFA-PEFF scores® were
driven by increased NT-proBNP levels (>660 pg/mL), which contributed two points to the score.

Median NT-proBNP values were between 600-800 pg/mL in both arms.

We selected a regimen tailored to patients with advanced cancer. Beta-blockers were avoided due to
concerns for poor short-term quality of life responses, and mineralocorticoid receptor antagonists due
to concerns for hyperkalemia. Sacubitril/valsartan was identified as the most effective renin-
angiotensin system inhibitor; sodium-glucose co-transporter 2 inhibitor was used due to established
cardio-kidney protective effects across the LVEF spectrum; ivabradine was used due to heart rate-
reducing effects without the adverse effects of beta-blockers; and ferric carboxymaltose was used to
address the frequent comorbidity of iron deficiency. Moreover, the choice of sacubitril/valsartan and
ivabradine (not approved for HFpEF in Europe) was guided by the frequent presence of reduced
systolic function in cancer patients with cardiac wasting cardiomyopathy?, and presence of elevated
heart rate with strong adverse prognostic meaning.'* Furthermore, ivabradine has also shown benefit

in a small study with patients with moderate to advanced HF .2

Many patients with increased heart rates and NT-proBNP levels, and somewhat reduced LVEF at
baseline, and with presence of dyspnoea and very poor functional capacity, are indicative of possible
presence of a HF like syndrome. However, the washing ability and 4 m walking ability dichotomous
endpoints as used in the trial appear to be not sensitive to change in these patients, mostly at the end-
of-life. Given a mortality rate of 32% at 30 days, the short remaining survival time of many patients
appears to have dominated over the washing and walking ability assessments in this context. This is
particularly seen in Figures 3A and 3B where extremes (i.e. to be able to wash one-selves most days

or none, and the ability to walk 4 m on at all three assessment visits or none) dominated the observed
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outcomes. Using such endpoints, it may be preferable to only include patients who are not able to
walk 4 m and/or to include only patients who have specific problems with performing self-care

activities. In addition, consistent daily documentation may be preferable for such activities.

We aimed to include in EMPATICC patients with advanced cancer with a life expectancy of 1-6
months at the time of inclusion. The observed mortality of 32% at day 30 and 47% at day 60 indicates
to us that we did not achieve what we aimed for. Given the results particularly in those surviving at
least 30 days, suggests that the aim was a correct one. This study shows that predicting survival
times in advanced cancer receiving specialized palliative care is not easy and deaths might occur
much faster and more often than anticipated. Developing better survival prediction models for patients
with advanced cancer could be very beneficial for future clinical trials to be designed in this medical

space.

The treatment did improve objective measures of cardiac function, i.e. plasma levels of natriuretic
peptides and LVEF as assessed by echocardiography. Of note, these results are restricted to patients
alive at the time of assessment. This and the finding of mortality rates in both treatment groups being
identical at 30 and 60 days, prompted a survivor analysis of secondary endpoints related to QoL.
Patients who were alive at day 30 and who had been randomized to active HF therapy expressed a
4.5 times higher likelihood of being 1 rank better in the PGA assessment score (p=0.04) (Figure S1).
Also, the results of the overall health and quality of life score of the EORTC QLQ-C15-PAL
questionnaire — showing an effect size of >10.0 in survivors (p=0.07) — suggest a positive clinically
meaningful difference.?? Based on these results, we hypothesise that patients with advanced cancer
receiving specialized palliative care need to survive at least 30 days to be able to possibly derive
benefit from optimized HF therapy. While treatment decisions at baseline cannot predict with certainty
which patients will survive long enough to benefit, our findings suggest that a survival of at least 30
days may be a prerequisite for measurable improvements in QoL and cardiac function. This needs to

be tested in future studies.
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Prior studies in cardio-oncology have primarily focused on preventing cardiotoxicity related to cancer
therapies and have largely excluded individuals receiving palliative care.?*?* Evidence on the efficacy
of guideline-directed HF therapy in this population is lacking. Current guidelines on palliative care at
the end of life focus primarily on symptomatic treatment, e.g. shortness of breath, and only touch on
causal therapies in passing.?>?” Palliative care physicians often tend to discontinue some of
medication towards end-of-life. The use of HF drugs is not common given the lack of evidence.?® The
literature on double-blind randomized clinical trials of patients with advanced cancer in specialized
palliative care with very short expected survival times is scarce.?* Importantly, EMPATICC shows
that inter-disciplinary clinical trials with double-blind medication (of several drugs) in palliative care
settings are possible. Screening failures were low with 93 randomized patients of 112 patients that
were screened. Once patients were recruited, they tended to remain in the trial. With only 3 of 93

patients, withdrawal rates unrelated to disease progression were lower than expected.

While the EMPATICC trial focused on patients with stage 4 solid tumours, we acknowledge that other
advanced diseases, including for instance haematological cancers* or chronic obstructive pulmonary
disease®', may also present with HF-like symptoms and benefit from similar therapeutic strategies.
Future studies could explore these populations as well. In the present trial, we sought to maintain a
relatively homogeneous disease background to optimise feasibility and clinical applicability, to ensure

patients could provide informed consent, and to be able to complete the planned study assessments.

In this highly frail and functionally limited population of patients with advanced cancer receiving
specialized palliative care, the EMPATICC trial did not demonstrate significant improvements patients’
self-care and walking ability in the primary hierarchical endpoint that de facto also included all-cause
mortality. In patients who survived through 30 days, the optimized HF therapy was associated with
improvements in cardiac function and QoL. These findings suggest that, despite the challenges of

late-stage disease, selected patients — with somewhat less poor prognosis than included here — may
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derive meaningful benefit. Our results lead us to hypothesise that individualized HF therapy as part of
appropriately timed, individualized palliative care strategies, is beneficial in patients with advanced
cancer and an expected survival and treatment duration of at least 2-3 months or more. This will

require confirmation in independent clinical trials.
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Figure Legends

Figure 1. Consort flowchart

* 2 did not fulfill any group 2 inclusion criteria, 2 fulfilled no or only one of the group 1 inclusion criteria,
2 had life expectancy <1 month, 1 did not have solid cancer in UICC stage 4, 1 had an impaired
neurological status, precluding the ability to walk, 1 had severe pulmonary embolism (PE) in the last 4

weeks

Figure 2. Win Ratio Analysis of Primary Hierarchical Composite Endpoint.

The win difference (95% Cl) is -2.57% (-26.4% to 21.2%) comparing treatment versus control group.

Figure 3. Key secondary endpoints: (A) Percentage of days alive and able to wash oneself (N=87),
(B) Times able to walk 4 meters during FU (0-3, N=90), (C) Patient Global Assessment at day 30
(N=85), and (D) EORTC QLQ-C15-PAL — change over time (MMRM, Ns.=90, Nday10=74, Nday30=58).

Figure 4. Trajectory of change from baseline in control and heart failure therapy groups in (A) log
transformed NT-proBNP Least Squares Means (= key secondary endpoint, change over time)
(Nbaseiine=90, Naay10=69, Nday30=47), and (B) left ventricular ejection fraction (change over time,
Nbaseline=90, Nday30=46, Naayso=30).

Figure 5. Kaplan-Meier Curves for All-Cause Mortality (A) at 60 Days of Follow-up, and (B) complete

follow-up (until the end of all safety follow-up, i.e. 1 month after the last visit of the last patient)
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Table 1. Baseline Characteristics of Patients

Characteristic

Demographics

Age

Sex (female)

Body Mass Index, kg/m?
Vital Signs & Lab
Parameters

Systolic BP, mmHg
Diastolic BP, mmHg

Heart rate, bpm
NT-proBNP, pg/mL, median
(IQR)

eGFR, mL/min/1.73m?2
Haemoglobin, g/dL
Transferrin Saturation (%)
TSAT <20%

LVEF (%)

Co-morbidities
Hypertension

Diabetes mellitus

Coronary artery disease
CKD (eGFR <60
mL/min/1.73m?2)
Anaemia

Baseline Medications
Beta-blocker

ACE-l or ARB
Spironolactone

Loop diuretic
lvabradine

SGLT2i

Anticoagulant
Antidepressants
Corticosteroids
Antiemetics

NSAIDs

Opioids

Anti-cancer therapy
Prior chemotherapy
Prior radiation therapy
Functional Status &
Symptoms

Dyspnoea at rest, n (%)
Was the subject able to
walk 4 meters?, n (%)
1st measurement: Time to
walk 4 meters

26.0 seconds to walk 4
meters / inability to walk
inability to walk 4m at all, n
(%)

Heart Failure Therapy
(N=46)

62.5 (55.0 - 69.0)
20 (43.5%)
24.6 (21.8 - 29.0)

120.0 (109.0 - 140.0)
71.0 (67.0 - 80.0)
90.0 (80.0 - 97.0)

599.0 (309.0 - 1,159.0)

61.5 (53.0 - 96.0)
10.4 (9.0 - 11.5)
16 (34.8%)
57.0 (52.0 - 63.0)

30 (65.2%)

15 (32.6%) (1 Type I, 14 Type II)

9 (19.6%)
11 (31.4%)

42 (91.3%)

19 (41.3%)
13 (28.3%)
6 (13.0%)
18 (39.1%)
0
10 (21.7%)
20 (43.5%)
11 (23.9%)
13 (28.3%)
15 (32.6%)
14 (30.4%)
26 (56.5%)
36 (78.3%)
35 (76.1%)
21 (45.7%)
9 (19.6%)
33 (71.7%)

7.0 (6.0 - 10.0)

44 (95.7%)

Placebo
N=47)

69.0 (61.0 - 77.0)
23 (48.9%)
23.5 (21.5 - 30.0)

120.0 (110.0 - 138.0)
71.0 (69.0 - 80.0)
89.0 (73.0 - 96.0)

819.0 (305.0 - 3,509.0)

66.7 (55.1 - 83.5)
10.0 (8.9 - 11.4)
20 (42.6%)

58.5 (53.0 - 64.0)

29 (61.7%)
12 (25.5%) (0 Type 1, 12
Type II)
6 (12.8%)
11 (29.0%)

39 (83.0%)

22 (46.8%)
18 (38.3%)
9 (19.2%)
18 (38.3%)
0
3 (6.4%)
19 (40.4%)
13 (27.7%)
18 (38.3%)
20 (42.6%)
13 (27.7%)
26 (55.3%)
34 (72.3%)
37 (78.7%)
18 (38.3%)

15 (31.9%)
35 (74.5%)
7.3 (6.0 - 10.0)

43 (91.5%)
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Not being able to wash 21 (45.7%) 18 (38.3%)
themselves in at least 3 of
the last 7 days, n (%)

Peripheral leg oedema, n 20 (43.5%) 21 (44.7%)
(%)
ECOG Performance Status 45 (97.8%) 46 (97.9%)
22

HF: Heart Failure; BP: Blood Pressure; bpm: beats per minute; NT-proBNP: N-terminal pro b-type Natriuretic
Peptide; pg/mL: picograms per milliliter; IQR: Interquartile Range; eGFR: estimated Glomerular Filtration Rate
(mL/min/1.73 m?); g/dL: grams per deciliter; TSAT: Transferrin Saturation; LVEF: Left Ventricular Ejection
Fraction; CKD: Chronic Kidney Disease; ACE-I: Angiotensin-Converting Enzyme Inhibitor; ARB: Angiotensin
Receptor Blocker; NSAIDs: Nonsteroidal Anti-Inflammatory Drugs; ECOG: Eastern Cooperative Oncology Group

Performance Status; dyspnoea: difficulty breathing.

Table 2. Primary and Secondary Endpoints

Win/odds ratio or

Endpoint LSM (95% Cl) P- value
Primary Endpoint
Hierarchical composite endpoint 0.95 (0.57 — 1.58) 0.83
Secondary Endpoint
Days alive and able to wash oneself 0.95 (0.51 - 1.76) 0.87
4-meter walking ability 0.69 (0.32 — 1.49) 0.34
PGA 0.77 (0.21 — 2.74) 0.68
EORTC QLQ-C15-PAL
overall health/QoL score 8.91 (-2.39 - 20.20) 0.12
NT-proBNP -0.41 (-0.80 —-0.02) 0.04
Subgr_oup Analysis. P-interaction
for the primary endpoint *
Male 0.71 (0.36 — 1.40) 0.32
0.21
Female 1.38 (0.62 — 3.03) 0.43
Age <67 years 0.87 (0.40 — 1.89) 0.72 0.46
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Age 267 years
BMI <24 kg/m?2

BMI 224 kg/m?2

Able to perform 4-m walking-test at BL —
Yes

Able to perform 4-m walking-test at BL —
No

ECOG =2

ECOG =23

EORTC QLQ-C15-PAL: European Organisation for Research and Treatment of Cancer Quality of Life

1.30 (0.62 — 2.73)
0.84 (0.39 — 1.79)
0.88 (0.43 — 1.80)
0.82 (0.46 — 1.47)
1.72 (0.51 — 5.76)
0.53 (0.23 — 1.20)

1.25 (0.63 — 2.48)

0.49

0.65

0.73

0.51

0.38

0.13

0.52

0.92

0.28

0.11

Questionnaire Core 15 Palliative care module; LS means: Least Square Means; SE: Standard Error; CI:

Confidence Interval; NT-proBNP: N-terminal pro b-type Natriuretic Peptide; LS means with Time-Treatment

Interaction: least square means calculated considering the interaction between time and treatment

effects

*: The trial was not powered for subgroup analyses; results are exploratory and should be interpreted

with caution.
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112 Patients screened

4

1 died

95 Patients assessed for eligibility and
meeting I/E criteria and included in database

7 withdrew consent in screening phase
> 9 violated inclusion/exclusion criteria®

2 Excluded due to incomplete randomisation
(withdrew consent before first dosing)

93 Enrolled and randomised I

47 Randomised to control

group

46 Randomised to HF
therapy group

|

|

47 Patients included in

primary analysis

43 Patients included in
primary analysis

Figure 1
339x190 mm (DPI)

3 no data point for any primary or
secondary endpoint was available
after baseline
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Wins Ties Losses  Win Difference
washing = >
ability g
+
4m-walking -2.08%
+
PGA 1.39%
Win Ratio = 0.95 (95% CI 0.57 to 1.58)
p=083 -2.57%

Primary Endpoint: Separate Stages

stage wins  win_perc losses loss_perc  draws  draw_perc

1: washing 733 36.27 771 38.15 517 25.58

2: 4m-walking 108 5.34 150 7.42 259 12.82

3: PGA 77 3.81 49 2.42 133 6.58
Figure 2

339x190 mm (DPI)
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o NO O

15

Number of Patients
o

15

10

Number of Patients

wins  losses draws  win_rato  p_logWR_test 18
733 77 517 0.95 0.87

16

Group 0% 100% >0<100% TotalN .

Control 15 16 15 46
Treatment 15 14 12 41
Treatment Group

B control

. Treatment

4
3
2 212 2 2
bl ol
S m .

NI N R

Q RS S S xS B Q &

Percentage Bin

Figure 3A
339x190 mm (DPI)

4-meter walking ability: Odds ratios

Var Estimate  lower.CL  upperCL  p.value

groupTreatment 0.69 0.32 1.49 0.344

0 1 2 3
Times being able to walk 4m (out of 3)

Figure 3B
339x190 mm (DPI)
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o NO O

Comparison Estimate lower.CL  upper.CL p.value
Treatment Intervention Day 30 - Control
Intervention Day 30 0.77 0.21 274 0.684
40 Group
14
3 Treatment
1 H Control
€ 30 1"
2 1
o
a 9
20
6 7
4 4 5
4
10 3 3 3
1
mn B o K
0
> dxeb > @
@ o &
c\ "0 o o
Q‘G\ -\6@ & o“eb & y & >
& » oS & ) & & &
& S & & $
‘,@ °b° "’b\ X \9" ¢ob @
& .,,96\ @ @
A
Figure 3C
339x190 mm (DPI)
EORTC15: Least square means with 95% Cls
group VISIT Ismean SE  lower.CL  upper.CL
Control Intervention Day 10 37533 3.358 30.835 44231
Treatment  Intervention Day 10 41449 4034 33.406 49,493
Control Intervention Day 30 35613 3.874 27.875 43.351
Treatment  Intervention Day 30 44520 4.692 35.168 53.873
EORTC15 LS means treatment estimate, day 30:
10C
8.9 (-2.4 — 20.2), p=0.12
75
50
25
0.0
25 l
l Group
7.5 = Control
= Treatment
-100

BL

Day 10

Visit

Figure 3D

339x190 mm (DPI)

Day 30
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Change in logNTproBNP from BL (Mean +/- SE)

Change in LVEF from BL (Mean +/- SE)

NTproBNP: Geometric means with 95% Cls

group VISIT Ismean lowerCL  upper.CL
Control Intervention Day 10 0.820 0.622 1.082
Treatment  Intervention Day 10 0.563 0.400 0.791
Control Intervention Day 30 1.026 0.712 1.480
Treatment  Intervention Day 30 0.619 0.397 0.966

treatment estimate for

logNTproBNP LS means geometric mean, day 30:
o -0.41 (-0.80 — -0.02), p=0.040
0.75 J. Group l
- Control
- Treatment
-1.00

75

50

25

00

25

BL

Day 10
Visit

Figure 4A
339x190 mm (DPI)

LVEF differences to BL: Least square means with 95% Cls

group VISIT Ismean SE  lower.CL  upper.CL
Control Intervention Day 30 <0985 0.905 -2.810 0.841
Treatment  Intervention Day 30 1938 1.217 -0.516 4.392
LVEF differences to BL: Difference of least square means
contrast estimate SE lower.CL  upper.CL p.value

Treatment 30d - Control 30d

LVEF diffi toBL: LS

2923 1349 0.202 5643 0.0359

LVEF treatment estimate at day 30:
2.9% (0.2 - 5.6), p=0.036

Day 30

BL

Day 30
Visit

Figure 4B
339%x190 mm (DPI)

Day 60
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100% -

75%-

g'
.
§
@
25%- Strata
== group=Control
= group=Treatment
0%-
0 10
% Number at risk (number of events)
g group=Contro 47 (0) 41 (6)
® group=Treatment 46 (0) 41 (5)
E 0 10
»
100% -
75% =
£
-1
[}
g
a 50%
g
5
7]
25% - Strata
= group=Control
== group=Treatment
0%~
0
% Number at risk (number of events)
g group=Contro 47 (0)
; group=Treatment 46 (0)
§ 0
(7]

'
20

37 (10)
36 (10)
20

Day 30
68%

JID
Time (days)
33 (15)

32 (14)
30

Time (days)

Figure 5A

339x190 mm (DPI)

.
05

10 (34)
16 (27)
05

Time (years)

Time (years)

Figure 5B

339x190 mm (DPI)

40

31(18)
28 (18)
40

'
50

28 (19)
27 (19)
50

Day 60
53%

26 (22)
26 (20)
60

HR 0.85 (0.53—1.36)

p=0.49
— S —
.| 1year )
14%
i o

1.5
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Structured graphical abstract of EMPATICC

Key question

Can individualized heart failure (HF) therapy vs. placebo during 30-day follow-up
improve self-care ability and quality of life (QoL) in patients with advanced cancer
receiving specialized palliative care? Treatment components: sacubitril/valsartan,
empagliflozin, ivabradine and intravenous iron (ferric carboxymaltose). Ninety
patients studied.

Key Finding

At 30 days, no overall improvement in hierarchical primary endpoint of being alive
plus able to wash/walk 4 m/feeling better (patient global assessment [PGA]).
Exploratory analysis in survivors (day 30): active treatment improves cardiac function
(N-terminal pro-B-type natriuretic peptide, left ventricular ejection fraction) and QoL
(PGA).

Take Home Message

Optimized HF therapy did not improve functional outcomes in a high-mortality
advanced cancer population. Among survivors at 30 days, improvements in QoL
measures and cardiac biomarkers suggest potential benefit of individualized HF
therapy, which is hypothesis generating.

LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; OR, odds ratio; PGA, patient global assessment

EMPATICC =~ o~
At 30 days (overall, n=90) At 30 Days (in survivors)
Yo N change the ‘@ Reduced NT-proBNP levels
() ( N hierarchical endpoint of: -41%, p=0.040 (n=47)
' (a) days alive and ability to wash 2
(b) ability to walk 4 meters l{ » Improved PGA
T X (c) PGA of well-being “  OR:0.22, p=0.016 (n=60)

O
Win Ratio 0.95; P=0.83 |~ Improved LVEF
+2.9%, p=0.036 (n=46)

Structured Graphical Abstract
319x372 mm (DPI)
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